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Increased expression of CD44v6 in endocrine
pancreatic tumours but not in midgut carcinoid
tumours
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Abstract
Aimslbackground-To analyse the differ-
ent isoforms of CD44 in various types of
endocrine pancreatic and gut carcinoid
tumours and to investigate the relation
between their expression and tumour dis-
semination. This study was prompted by
the recent observation that inappropriate
splicing of the CD44 gene was correlated
with tumour progression and metastasis
formation in a number ofhuman cancers.
Methods-Expression of CD44 isoforms
was studied in 38 endocrine pancreatic
tumours and gut neuroendocrine tumours
using antibodies directed against products
of exons v3, v4-v5, v6, v7-v8 as well as
against the standard CD44 molecule
(CD44H). CD44 gene expression was also
analysed by reverse transcription PCR
(RT-PCR) in nine endocrine and seven
carcinoid tumours.
Results-All gastrinomas except one (nine
of 10) and about half of the other endo-
crine pancreatic tumours (seven of 15)
expressed CD44v6. Most (10/11) midgut
carcinoid tumours were CD44v6 negative,
with no detectable immunostaining.
CD44v3, CD44v4-v5 and CD44v7-v8 were
not expressed in any of these tumours.
CD44 mRNA analysis illustrated a com-
plex splice pattern and expression oflarge
CD44 isoforms in CD44v6 positive endo-
crine tumours, whereas the standard form
only was detected in midgut carcinoid
tumours. No correlation between CD44
variant expression and tumour metastasis
was observed.
Conclusions-CD44 variants encoding
exon v6 are preferentially expressed both
in gastrinomas and in most pancreatic
endocrine tumours. In contrast to other
tumours, the expression of CD44v6 in
pancreatic neuroendocrine tumours does
not seem to be correlated with tumour
dissemination.
(7 Clin Pathol: Mol Pathol 1996;49:M203-M208)

Keywords: pancreas, neuroendocrine tumours, CD44,
alternative splicing.

Neuroendocrine tumours of the gut are
uncommon neoplasms with highly variable
growth patterns. Traditional histological crite-
ria of malignancy such as nuclear pleomor-
phism, prominent nucleoli, mitotic activity,

infiltrative margins, and vascular invasions,
which help to establish prognosis in most
human neoplasms, are unreliable in pancreatic
neuroendocrine tumours.' 2 A variety of other
criteria have been advocated for predicting the
behaviour of both pancreatic neuroendocrine
and gut carcinoid tumours. Most of these
criteria are based on the assessment of the pro-
liferative activity.3 4 Although interesting results
have been obtained with DNA analysis for gas-
trinoma,5 the criteria of malignancy remain the
presence of metastases to lymph nodes, liver or
distant organs and/or invasion of adjacent
organs.

In parallel to the determination of the prolif-
erative activity, some studies have reported
expression of growth factor peptides and adhe-
sion molecules in pancreatic islet tumours.6
These factors may influence both cell prolifera-
tion and metastasis. CD44, a widely expressed
cell surface glycoprotein, is a hyaluronate
receptor and has various isoforms that consist
of post-translationally modified products of
primary (standard) CD44 (CD44H) or alter-
natively spliced (variant) CD44 transcripts
(CD44v). The variant isoforms differ from the
CD44H molecule in that they contain addi-
tional peptide domains inserted into the mem-
brane proximal extracellular domain. While
CD44H is implicated mainly in cell-cell and
cell-extracellular matrix interactions during
migration and lymphocyte circulation, some of
the variant isoforms are involved in lymphocyte
activation and metastases development.
CD44v glycoproteins with sequences encoded
by exon v6 confer full metastatic potential on
rat carcinoma cell lines, which can be blocked
by monoclonal antibodies directed against
exon 6.7 8 Clinical investigations have shown
that different human tumours contain high
levels of large molecular weight variants of
CD44 corresponding to splice variants. Recent
studies indicate that the expression of the
CD44v6 epitope seems to be correlated with
advanced stages of human breast and colon
cancers and aggressive stages of non-
Hodgkin's lymphoma.9"- These results suggest
strongly that certain CD44 splice variants play
a major role in tumour progression and
particularly in lymphogenic metastatic spread.
To our knowledge there is only one study on

CD44 expression in digestive neuroendocrine
tumours.15 Interestingly, the authors observed
strong expression of CD44 and the production
of alternatively spliced variants in gastrinoma.
All others tumours except one midgut carci-
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Table 1 Summary of clinical data, immunohistochemistry and CD44 splice variant expression in gastrinomas and pancreatic neuroendocrine tumours

RT - PCR splice
Immunohistochemistry variants

Patient AgelSex Primary tumour site and diagnosis Metastases Tissue examined CD44H CD44v6 ( > 880 bp) t

G1* 25/M EPT gastrinoma Lymph node P+M +++ +++ +
G2* 22/M Lymph node gastrinoma Liver M +++ +++ +
G3* 55/M Duodenal gastrinoma 0 P +++ +++ +
G4* 57/M Lymph node gastrinoma 0 M +++ +++ +
G5* 63/F Duodenal gastrinoma Lymph node + liver P - -
G6 53/M Duodenal gastrinoma Lymph node P +++ +++ ND
G7 32/F Duodenal gastrinoma 0 P +++ +++ ND
G8 47/M Duodenal gastrinoma Lymph node P+M +++ +++ ND
G9 60/F Duodenal gastrinoma 0 P +++ ++ ND
G10 76/M EPT gastrinoma Lymph node + liver P +++ +++ ND
Ti 41/F EPT insulinoma 0 P +++ +++ ND
T2* 46/F EPT insulinoma 0 P ++ ++ +
T3* 66/M EPT non-functioning 0 P ++
T4* 33/M EPT non-functioning Lymph node P ++ +++ +
T5* 28/F EPT non-functioning Lymph node P ++
T6* 30/F EPT calcitonin producing (MEN 1) Lymph node P ++ ++ +
T7 51/F EPT non-functioning Liver P - - ND
T8 23/F EPT non-functioning Locally invasive P + ++ ND
T9 50/F EPT non-functioning Locally invasive P +++- ND
T10 36/F EPT non-functioning Liver P+M +++ +++ ND
Ti1 69/F EPT non-functioning Lymph node + liver P + - ND
T12 50/M EPT non-functioning 0 P +++ +++ ND
T13 55/M EPT non-functioning Liver P - - ND
T14 47/F EPT cacitonin producing Liver P +++- ND
T15 60/M EPT cacitonin producing 0 P - - ND

EPT = endocrine pancreatic tumour; P = primary tumour; M = metastases.
* - , no staining; +, weak staining; ++, moderate staining, +++, strong staining.
tPresence (+) or absence (-) of CD44 splice variants was determined by RT-PCR as described in the text.

noid were negative. However, the different pat-
terns of expression of CD44 variants in these
tumours were not investigated. Using reverse
transcription PCR (RT-PCR) and immunohis-
tochemistry, we have investigated the potential
role of CD44H and CD44v as prognostic
markers of aggressive behaviour in gastrointes-
tinal carcinoids and pancreatic islet tumours.

Methods
Tumours from 38 patients treated between
1986 and 1994, diagnosed at that time as hav-
irig foregut endocrine neoplasms and gas-
trointestinal carcinoids, were selected from the
archives of the Department of Histopathology
at Beaujon Hospital, Clichy. The details of the
25 patients with gastrinomas and endocrine
pancreatic tumours are given in table 1. Seven-
teen tumours originated in the pancreas and
eight others in the duodenal mucosa or from
lymph nodes and comprised 10 gastrinomas,
two insulinomas, three calcitonin producing
tumours, and 10 clinically non-functioning
islet cell carcinomas. The other 13 patients had
carcinoid tumours, 1 1 ofthe midgut and two of
the colon. Ten of these 13 patients had liver or
lymph node metastases, or both. The diagnosis
of neuroendocrine tumours was based on typi-
cal histology and immunohistological positivity
for neuroendocrine cell markers, such as
Grimelius, neuron specific enolase and chro-
mogranin A. Functioning tumours were diag-
nosed by a compatible clinical syndrome asso-
ciated with an increase in the serum
concentrations of the corresponding hor-
mones.

IMMUNOHISTOCHEMISTRY
The presence of CD44H and CD44 splice
variants was detected immunohistochemically
using the following monoclonal antibodies:
2C5 against haemopoietic or standard variant;

3G5 against exon v3; 3D2 against exon v4/v5;
2F10 against exon v6 (R&D Systems, Abing-
don, UK); and VFF-17 against exon v7 and
part of exon v8 (Bender MedSystems, Vienna,
Austria) of human CD44. A detailed descrip-
tion of these antibodies and their specificities
has been published previously.'6 17 Immunohis-
tochemistry was performed using a three-step
immunoperoxidase technique on formalin
fixed, paraffin wax embedded sections and on
frozen sections where available.'8 Frozen sec-
tions, 6 [tm thick, were fixed in cold acetone
and stored at - 20°C pending analysis. The
paraffin wax sections were pretreated in a
microwave oven at 700 W in citrate buffer (pH
6.2) for 3 x 5 minutes. Endogenous peroxidase
activity was blocked by immersing the slides in
0.5% hydrogen peroxide in distilled water. All
sections were then incubated with non-
immune goat serum to reduce non-specific
background staining, with primary antibody
for 40 minutes, and then with peroxidase
labelled rabbit antimouse immunoglobulin
(Dako, Copenhagen, Denmark) and swine
antirabbit immunoglobulin (Dako). The co-
lour reaction product was developped accord-
ing to the method of Graham and Karnovsky."
Staining was graded semiquantitatively as
follows: no staining (-) or a weak reaction (+)
in less than 10% of the tumours cells was
scored as negative; staining in 10 to 50% of the
cells as moderately positive (++); and staining
in more than 50% of the cells as strongly posi-
tive (+++). Omission of the primary antibody
was used as a negative control and a section of
oesophageal squamous epithelium as a positive
control for each monoclonal antibody.

RT-PCR
Fresh tissue samples were obtained following
surgical resection from 16 patients with
neuroendocrine tumours (five gastrinomas,
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Increased expression ofCD44v6 in endocrine pancreatic tumours

Vl V2 V3 V4 V5 V6 V7 V8 V9 V10
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P1 N P2
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Figure 1 Schematic diagram of CD44 genomic DNA showing variant exons vl-vlO in black. The sequences of the PCR
primers Pl (sense) and P2 (anti-sense) are as described by Matsumara and Tarin. 9 The primers flank the insertion site at

which variant exons vl-vlO can be included in the mRNA transcript. The standard CD44 mRNA transcript lacks
vl-vl 0 and will result in a 482 bp RT-PCR product. Transcripts containing one or more of the variant exons will give rise
to larger RT-PCR products. The Sl probe is directed against exon 4, which encodes part of the standard CD44 sequence.

This probe will, in theory, detect all isoform products unless the exon 4 sequence is disrupted.

one insulinoma, three non-functioning endo-
crine pancreatic tumours, one calcitonin pro-
ducing tumour, and seven carcinoid tumours).
Normal pancreatic and liver tissue was ob-
tained from the periphery of surgically resected
specimens. Total cellular RNA was extracted
from tumour tissue and reverse transcribed to
cDNA using an avian myeloblastic virus
reverse transcriptase and amplified using PCR.
Conditions for PCR were as follows: 94°C for
one minute, 55°C for one minute and 72°C for
two minutes for 30 cycles. PCR primers (P1
and P2) and the SI probe are equivalent to
those used by Matsumara and Tarin.9 P1 and
P2 are located in the CD44 standard sequence
directly flanking the variant region comprising
exons 6 (vl) to 14 (vi0) which are involved in
alternative splicing (fig 1). Thus, the primers
were designed to amplify any splicing variants
of CD44. Negative controls, with no template
cDNA in the reaction mixture, were run with
every batch. In order to examine the quality
and quantity of the cDNA used for PCR,
P-actin was also amplified using primers
recommended by Fujita et al.20 The length of
the probe generated by these primers is 368
base pairs (bp). In this system, a 500 bp
fragment would be generated if genomic DNA
contaminated the mRNA preparation.

SOUTHERN BLOT HYBRIDISATION
The amplification products were visualised
under ultraviolet light after ethidium bromide
staining and the CD44 products were subse-
quently transferred onto nylon membranes
(Hybond N +, Amersham, Little Chalfont,
UK) for hybridisation with the 32P-labelled oli-
gonucleotide probe Si. This probe, which
anneals to the exon 4 region, detects all
possible splice variants. Filters were exposed to
Kodak x ray film for 18 hours. This technique
leads to the production of two fragments of
482 and 878 bp corresponding to standard and
epithelial forms, respectively, and of several
other fragments of large molecular weight if the
sample contains alternatively spliced tran-
scripts.

Results
IMMUNOHISTOCHEMISTRY
Normal adult human pancreas (n = 5) weakly
expressed CD44H on acini and on islet
whereas few ductal epithelial cells displayed
immunoreactivity with antibody directed
against the epitope encoded by variant exon
v6. Staining was present on the cell membrane

and no difference was observed between paraf-
fin wax and frozen specimens. Table 1
summarises the results of CD44H and
CD44v6 expression in gastrinomas and pan-
creatic endocrine tumours. Nine of the 10 gas-
trinomas and seven of the 15 other pancreatic

Figure 2 CD44H expression in three tumour types. A
duodenal gastrinoma (A) and an insulinoma (B) display a
diffusely positive reaction with the two antibodies. In a
midgut carcinoid tumour (C), however, only the stromal
cells are positive for CD44H, while the tumour cells are
unstained.
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neuroendocrine tumours were CD44v6 posi-
tive. Most of the tumours with CD44v6
expression were also positive for CD44H (table
1). Two non-functioning pancreatic tumours
expressed CD44H only. In contrast to gastri-
nomas, in which staining was usually strong
and diffuse, heterogeneous staining was ob-
served in positive neuroendocrine pancreatic
tumours (figs 2 and 3). No staining was seen

with the antibodies directed against the v3,
v4-v5 and v7-v8 exons. In contrast, only one

midgut carcinoid among the 11 carcinoid
tumours analysed was positive for CD44H and
exon v6. However, strong expression of
CD44H and exon v6 was detected on the two
neuroendocrine carcinomas of the colon.
Staining for CD44H was observed in the stro-
mal component of all neuroendocrine tumours
but seemed to be more pronounced in midgut
carcinoid tumours (figs 2 and 3). No statisti-
cally significant association was found between

A*...Xi
5.-

t.1..:<

.s.I

Figure 3 CD44v6 expression in three tumour types. A
duodenal gastrinoma (A) and an insulinoma (B) display a

diffusely positive reaction with the two antibodies. In a

midgut carcinoid tumour (C), however, no immunostaining
was observed.

CD44v6 expression and the presence of lymph
node (x'; p = 0.82) or hepatic metastases (p =
0.14).

EXPRESSION OF CD44 MRNA
All PCR products from the 16 different
tumours analysed contained at least one 480
bp fragment of the CD44 standard form (fig
4). In normal pancreas, standard and epithelial
(878 bp) forms of CD44 were observed. Four
of five gastrinomas, three of five other endo-
crine pancreatic tumours (one insulinoma and
two non-functioning tumours) and a colonic
neuroendocrine carcinoma produced longer
hybridised fragments than the epithelial form,
which corresponded to splice variants (fig 4).
By contrast, the epithelial form and splice vari-
ants of CD44 were not detected in midgut car-
cinoids, even after exposing the blots for 72
hours. Interestingly, compared with normal
pancreas, the epithelial form of CD44 was not
detected immunohistochemically in midgut
carcinoid tumours. All tumours with large
splice variants expressed CD44v6 (fig 3). The
detection of CD44H mRNA in midgut carci-
noid tumours lacking expression on tumour
cells by immunohistochemistry is probably due
to the strong positivity of the stromal compo-
nent. PCR of ,B-actin primers demonstrated
that the amount and quality ofmRNA did not
differ significantly among samples.

Discussion
Recently, there have been many reports on the
role of CD44v in primary tumours and their
metastases. In breast and colorectal cancers,
the expression of CD44 variants encoding
exon v6 has been linked to tumour dissemina-
tion and cancer metastases.9 13 21 Interestingly,
the percentage oftumour cells positive for exon
v6 increased during neoplastic transformation
of colorectal adenoma, in parallel with changes
in p53 tumour suppressor gene.22 Whereas
CD44v6 expression was also correlated to
aggressive non-Hodgkin's lymphoma,'4 in
metastatic gastric carcinoma both CD44-v5
and v9 seem to be expressed preferentially.23-25
In contrast, loss of CD44 expression was found
in endometrial carcinoma with high metastatic
potential.20 Thus, the function of CD44 in the
development of metastases is complex and
interpretation of CD44 variant expression in
tumours must be compared with the pattern
observed in the corresponding normal tissue.'6

In the present study diffuse and strong stain-
ing was found for CD44H and CD44v6 in all
gastrinomas except one. In contrast to the only
study performed on endocrine tumours of the
gut,'5 we also observed increased expression of
CD44H or CD44v6, or both, in several other
endocrine tumours of the pancreas. Insulino-
mas, which are usually regarded as benign
tumours, were positive in our two cases. In
contrast, there was a pronounced difference in
the pattern of expression of the CD44H and v6
epitopes in the endocrine tumours and the
midgut carcinoid tumours. There was no
evidence of CD44 expression among 10 of the
11 midgut carcinoid tumours analysed. These
results are in agreement with those of
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T C
2 34 56 123 4 56

Figure 4 Detection of CD44 mRNA in neuroendocrine tumours of the gastroi
tract. The lower bands estimated at 489 base pairs corresponding to the expectez
CD44 amplification product were present in all specimens. Epithelialforms and
variants were detected only in some gastrinomas and endocrine pancreatic tumc
Lanes G1-G4, gastrinomas; lane T2, insulinoma; lanes T3-TS, non-functionin
T6, calcitonin producing EPT; lanes Cl-C6, midgut carcinoid tumours; lane C
neuroendocrine carcinoma of the colon; F and 1P normal liver and pancreas, res

Chaudhry et al.'5 Interestingly, CD
expressed strongly in the two cases of
docrine carcinoma of the colon,
known to have a poor prognosis. The
CD44v4-v5 and CD44v7-v8 isofo
not detected.

In cases studied both by RT-]
immunohistochemistry, we observe
correlation between the presence
CD44 mRNA transcripts and exp
CD44v6. This observation is in al
with a recent study performed o
breast tumours.'6 However, in o

although most gastrinomas or other
pancreatic tumours expressed epithc
by RT-PCR, we found no expr
CD44v7-v8 by immunohistochemis
are three possible explanations for t
vation. First, either these epitopes
cealed, because epithelial fragmen
numerous glycosylation sites or, seci

was preferential expression of v9-v 1C
exons which were not studied here
nohistochemistry. Third, immatur
transcripts containing introns may I

mulated. These transcripts, which gi
pattern on Southern blots, were des
tially in bladder cancer.27 The clini
cance of the smear pattern observe
gastrinomas warrants further study.
The insertion of various exons

CD44 molecule decreases the abilit3
to serve as a hyaluronate receptor
confers metastatic potential on canct

As in other tumours, generation
splice variants is probably involved i
tumorigenesis. However, our stud'
that expression of these splice varil
related to lymph node or hepatic r

Such results are in contrast to
observations in other types of cancer
only published report on endocrine
tumours.'5 In the latter study, liver
were encountered more often in C]
tive endocrine tumours.
Although the lack of expression o

midgut carcinoid tumours is furthe
that these tumours and endocrine

tumours are unrelated, it is possible that low
7 F p level expression of CD44 reduces adhesion

between cells, permitting detachment of prolif-
erative cells from primary sites. Previous stud-
ies supporting this inverse relation between
tumour progression and low CD44H expres-
sion have been reported for neuroblastoma,
carcinoma of the ovary and small cell carci-
noma of the lung.>""

'_ The loss of CD44E in midgut carcinoid
tumours may also affect a number of biological
functions. The CD44E isoform, which con-
tains exons v8, v9 and vlO inserted into the

- CD44H transcript, has extensive 0- and
N-linked glycosylation sites.33 CD44 glycans

ntestinal have been implicated in the binding of growth
d standard factors and in the modulation of the cell's
Isplice adhesive function. Furthermore, it has been
ours (EPT). demonstrated that endocrine pancreatic tu-
ig EPT; lane *g7, mours are capable of expressing multiple
pectively. growth factor peptides-for example, platelet

derived growth factor and transforming growth
44v6 was factor a or P.6 Therefore, it is possible that loss
f neuroen- of CD44E expression leads to impaired
a tumour contact between cells, thereby contributing to
CD44v3, tumour growth and invasion. Future studies
irms were will be required to evaluate this hypothesis fur-

ther.
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