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Cellular distribution of CD44 gene transcripts in

colorectal carcinomas and in normal colonic
mucosa

H Gorham, T Sugino, A C Woodman, D Tarin

Abstract
Aim-To study the cellular distribution of
CD44 mRNA transcripts in tissue sections
of colorectal cancer and corresponding
normal colonic mucosa in order to corre-
late the findings with information from
immunohistochemical methods and pre-
vious data from analysis by reverse
transcription- polymerase chain reaction
(RT-PCR).
Methods-In situ hybridisation (ISH)
analysis of CD44 standard (CD44s) and
variant (CD44v) mRNA in cryostat sec-
tions of normal and neoplastic colonic
mucosa with "S-labelled riboprobes. Im-
munohistochemistry was performed on
cryostat sections from the same patients
using monoclonal antibodies directed
against epitopes encoded by CD44 exon 1
(F.10.44.2), exon 5, (Hermes 3), exon 7
(23.6.1), and exon 11 (2F10).
Results-CD44s and CD44v transcripts
were both strikingly increased in carcino-
mas compared with corresponding nor-
mal mucosa and the abundant CD44v
transcripts in tumour tissues were loca-
lised exclusively in the cancer cells. CD44s
transcripts were present in cancer, in-
flammatory and resident stromal cells,
but the relative amount in carcinoma cells
was greater. Inumunohistochemical stain-
ing broadly paralleled these results, but
some clumps oftumour cells showed clear
heterogeneity with regard to CD44 protein
content. There were also some scattered
focal discrepancies in the quantity and
distribution of mRNA transcripts and
proteins, respectively.
Conclusions-The ISH technique pro-
vides powerfil independent corroboration
of elevated CD44 gene expression and dis-
proportionately high transcription of
CD44v isoforms in carcinoma cells ob-
served in earlier immunohistochemical
and RT-PCR studies. It unequivocally
localises the abnormally elevated gene
transcription within the cancer cells and
not in the surrounding inflammatory
cells.
(y Clin Pathol 1996;49:482-488)
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The transmembrane glycoprotein CD44 is a
cell surface molecule implicated in a number of

diverse cell-cell and cell-matrix interactions,
including lymphocyte homing, haemopoiesis,
cell migration, and possibly tumour meta-
stasis.' 2 The numerous functions of this single
gene reflect the complexity of its genomic
structure: analysis of the human CD44 gene
has determined that there are at least 20 exons
distributed over a length of about 60 kilobases
on chromosome lip 13. Between exons 5 and
16 of the genomic template there are at least 10
exons which can be subject to alternative splic-
ing.34 Thus, in addition to the "standard"
85-95 kD isoform (CD44s), encoded by the
constitutively expressed exons 1-5 and 16-20,
several larger isoforms exist, generated by the
insertion of various sections encoded by the
"variant" (CD44v) exons into the standard
polypeptide backbone and by post-trans-
lational glycosylation.

Little is known about the regulation of
production of CD44v isoforms or the func-
tions of CD44v containing molecules. Disor-
derly overexpression of numerous CD44v con-
taining isoforms seems to be associated with
the onset of neoplasia in many tissues5 6 and to
increase with tumour progression.7-9 Elevated
CD44 expression has also been observed in
metastastic deposits5 and data from animal
experiments have suggested that overexpres-
sion of isoforms containing exon 1 1 (v6) could
be mechanistically involved in the metastatic
process. 10

Until recently, the identification of cells
expressing CD44 has depended heavily on the
use of immunohistochemical techniques8"1 and
on reverse transcription-polymerase chain re-
action (RT-PCR) analysis. Immunohistochem-
istry permits insights into the quantity and dis-
tribution of CD44 proteins in cells and tissues,
whilst information on the levels of CD44
mRNA in the sample can be determined by
RT-PCR. However, the latter technique neces-
sitates the destruction of cell and tissue organi-
sation to extract the mRNA and the histologi-
cal and cellular distribution of transcripts and
their relation to the distribution and quantity
of related CD44 proteins is therefore not
revealed. Equally, immunohistochemical lo-
calisation of the cellular distribution of CD44
proteins can be affected by conformational
accessibility of the relevant epitopes, which
may in turn be modified by post-translational
modifications or fixation protocols. Therefore,
analysis of the histological localisation of gene
transcription by in situ hybridisation provides a
valuable link for unifying information obtained
by the other methods and for obtaining a
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Sequences of CD44 amplification primers

P1 GACACA TAT TGC TTC AAT GCT TCA GC
P4 GAT GCC AAG ATG ATC AGC CAT TCT GGA A
El TTG ATG AGC ACT AGT GCT ACA GCA
D5 TT1C CTT CGT GTG TGG GTA ATG AGA

Figure 1 Schematic representation of the structure ofstandard and variant CD44 riboprobes.

meaningful picture of CD44 gene expression
in neoplasia. In this report we describe new
observations with this technique on tumours of
the colon.

Methods
SPECIMEN COLCTION
Tissue samples from 10 carcinomas, two
adenomas and 12 corresponding areas of unaf-
fected mucosa in the same patients were
collected within 30 minutes of resection and
were snap-frozen in liquid nitrogen.

IN SITU HYBRIDISATION
In situ hybridisation was carried out by using a
modification of the method of Simmons et all2
using single stranded 35S-labelled RNA probes.
Cryostat sections (10 gm) were mounted onto
silane treated slides and stored at -200C until
use. Slides were rinsed twice in phosphate
buffered saline (PBS), dehydrated through an
increasing graded ethanol series to 95% and
then stored at 40C. Fixed sections were
digested with 0.001% proteinase K (Boeh-
ringer Mannheim) at 37°C for three minutes,
rinsed in 0.2% glycine, post-fixed in 4%
paraformaldehyde for five minutes, rinsed in
0.1 M triethanol amine (TEA), and acetylated
in 0.25% acetic anhydride for 10 minutes at
room temperature. Slides were finally rinsed in
2 x SSC (standard saline citrate) and dehy-
drated in a graded series of ethanol solutions.
Sections were dried for at least two hours
before being hybridised overnight in a solution
of 50% formamide, 10% dextran sulphate,
0.3 M NaCl, 10 mM Tris pH 8.0, 1 x
Denhardt's solution, 0.5 mg/ml tRNA, and 10
mM DTT, with 1 x 106 cpm/ml 35S-labelled
single stranded RNA probe at 50-60°C.
Sections were washed in 4 x SSC, digested

with 20 gg/ml RNase A at 37°C for 30 minutes,
then washed at a final stringency of 0.1 x SSC
at 60°C for 30 minutes and dehydrated in a
series of ethanols and dried. Slides were hand-
dipped in Kodak NTB-2 emulsion and then
exposed at 4°C for two weeks. After being
developed, sections were stained with haema-
toxylin and eosin, mounted and photographed.

PREPARATION OF RNA PROBES FOR IN SITU
HYBRIDISATION
Probe for the standardform ofCD44 (fig 1)
The RNA probe (riboprobe) for the detection
of the standard form of CD44 was synthesised
from plasmid pBSIS, comprising a 485 base
pair (bp) fragment amplified by PCR from
cDNA of human peripheral blood lympho-
cytes and cloned in pBluescript SK+ (Strata-
gene).

Oligonucleotides P1 and P4 (fig 1) were
used to amplify the standard region CD44
insert in this vector. pBSIS was linearised using
Xbal prior to synthesis of antisense riboprobe
from the T3 promoter or with HindIII for syn-
thesis of sense riboprobe from the T7 pro-
moter.

Probe for the variantforms ofCD44 (fig 1)
A 1.1 kilobase DNA fragment containing the
complete variant region of CD44 was ampli-
fied by PCR using oligonucleotides El and D5
from total cDNA isolated from the breast car-
cinoma cell line ZR75-1 (ATCC CRL 1500).
The isolated fragment was cloned into pBlue-
script SK+ (pBS3V). pBS3V was linearised
with HindIII for antisense riboprobe synthesis
from the T7 promoter and Xba 1 for sense
riboprobe synthesis from the T3 promoter.
The cloned fragments from pBSIS and

pBS3V were sequenced to determine their ori-
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entation and to confirm the absence of intron
sequences before probe synthesis.

Radiolabelled antisense and sense ribo-
probes were generated using a Stratagene RNA
transcription kit, incorporating [35S]-UTP
(>1000 Ci/mmol) (Amersham International,
Amersham, UK). The radioactively labelled
riboprobes were purified using Sephadex G-50
columns (Nickcolumns, Pharmacia). The
length and quality of the probe was verified by
electrophoresis using a polyacrylamide se-
quencing gel.

IMMUNOHISTOCHEMISTRY
Sections, 10 ,um thick, of snap-frozen histologi-
cal samples were cut and dried on silane
treated slides for at least one hour at room
temperature. After being fixed in cold metha-
nol for 10 minutes, slides were air dried and
stored at -20°C. Non-specific binding of the
primary antibody was blocked by incubating
slides in normal rabbit serum (20% v/v) in Tris
buffered saline (TBS) (pH 7.6) for 45 minutes
at 37°C. The serum was removed and primary
antibody diluted 1 in 50 in 1% normal rabbit
serum, in TBS, was added and incubated at
4°C overnight and then 37°C for 30 minutes.
Monoclonal antibodies directed against epi-
topes encoded by various CD44 exons were
obtained as follows: F1O-44-2 (exon 1; Boeh-
ringer Mannheim); Hermes 3 (exon 5; a gift of
Dr E C Butcher) 13; monoclonal anti-
body 23.6.1 (exon 7; raised by ourselves in col-
laboration with Boehringer Mannheim) 14;
2F10 (exon 11; R and D Systems). Addition-
ally, monoclonal antibody 23.6.1 preabsorbed
with antigen (30 minutes at room temperature)
and non-immune mouse IgG (Sigma, Poole,
Dorset, UK) were used as negative controls to
exclude the possibility of non-specific reac-
tions. Slides were washed three times in TBS
and non-specific peroxidase activity blocked by
3% hydrogen peroxide in 100% (v/v) methanol
for 10 minutes. After rinsing in TBS, biotiny-
lated rabbit anti-mouse IgG (Dako, High
Wycombe, UK), diluted 1 in 400 (v/v) in 1%
(v/v) normal rabbit serum in TBS, was added
for two hours at room temperature. After
washing in TBS, horseradish peroxidase-
ABComplex (Dako) was added according to
manufacturer's instructions for one hour at
room temperature, followed by 30 minutes
incubation with 30 mg 3,3'-diaminobenzidine
tetrahydrochloride (DAB) (Sigma) and 5 gl
H202 (30% v/v) in 50 ml TBS. After washing
with water, the slides were lightly counter-
stained with haematoxylin and mounted.

Results
GENERAL OBSERVATIONS
In initial experiments (data not shown) it was
found that the minimum post-hybridisation
exposure time to obtain reproducible results
and an acceptable background signal with this
isotopic labelling system, was two weeks.
Attempts to visualise CD44 transcripts with
non-isotopic in situ hybridisation methods
were unsuccessful although simultaneous ef-
forts to visualise transcripts of other genes,
such as lysozyme, succeeded. This information

indicates that the copy number of CD44
mRNA is low, even in tumours. However, as is
shown below, these mRNA transcripts can be
detected with the more sensitive isotopic label-
ling method and the levels are strikingly
increased in the malignant cells relative to nor-
mal counterparts in matched samples from the
same patient.

NORMAL COLONIC MUCOSA
Standard CD44 mRNA, as visualised by the
485 bp riboprobe, was easily detected within
germinal centres and in lymphocytes, mac-
rophages and plasma cells in the lamina
propria of normal colonic mucosa. Low level
expression of CD44s mRNA was detected
within the epithelial cells lining the bases of the
crypts (figs 2a and 2b ) and stromal fibroblasts.
Immunohistochemical staining with a mono-
clonal antibody directed against CD44s pro-
tein (Hermes 3), corresponded closely to the
distribution of CD44s mRNA (fig 3a). Lym-
phocytes and fibroblasts were strongly stained
and some reactivity was localised in the epithe-
lial cells at the bases of the crypts but not in the
upper regions of the glands nor in the luminal
epithelium.
CD44v mRNA could not be detected in the

mucosal germinal centres, infiltrating lympho-
cytes nor connective tissue fibroblasts (fig 2c).
Nor were such transcripts detectable in any
epithelial cells. Immunohistochemical observa-
tions with monoclonal antibodies directed
against epitopes encoded by exons 7 and 11
showed no staining in lymphocytes or other
stromal cells but weak staining for the exon 11
epitope was detectable in epithelial cells in the
bases of the crypts. This epithelial reactivity
was weaker than that seen with the Hermes 3
monoclonal antibody directed against CD44s
(see earlier).

COLONIC TUMOURS
CD44s mRNA was strikingly elevated in the
epithelial cells of all adenomas and infiltrating
carcinomas examined (figs 4a-4d). Although
the amount of signal observed over carcinoma
cells was greater than that over adenomatous
epithelium, it was not possible to detect any
meaningful associations between signal inten-
sity and Dukes' staging of colonic carcinoma.
The intensity of signal over malignant glands
and invading clumps of carcinoma cells was
much greater than over inflammatory cells and
fibroblasts in the intervening stroma of the
tumour, but where such reactive cells congre-
gated some increase in signal relative to normal
mucosa was seen as a result of increased cellu-
larity. Immunohistochemical reactivity of
CD44s monoclonal antibody with adenoma
and carcinoma cells and with the intervening
stroma was generally raised (figs 3b and 3f) but
some deeply invading malignant glands were
either only weakly stained or completely nega-
tive. Sometimes staining with another standard
form monoclonal antibody (F10.44.2) could
be clearly observed over corresponding areas of
a serial section from the same tumour but in
general they remained negative. However, in
tumours which had such focal negative staining
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Figure 2 Frozen sections of normal colonic mucosa (a-c) studied by in situ hybridisation illustrating the presence of CD44s mRNA transcripts in basal
crypts, infiltrating lymphocytes and macrophages. Plates (a) and (b) hybridised with CD44s antisense and sense riboprobes, respectively. In comparison, the
CD44v antisense riboprobe gave minimal signal (c). (Darkfield images, magnification x430.) Plate (d) shows a darkfield image of colonic adenoma
hybridised with CD44v antisense riboprobe showing increased signal compared with normal colonic mucosa. Plate (g) shows the corresponding brightfield
image. Plates (e) and CL? show darkfield images of colonic carcinoma hybridised with CD44v antisense and sense riboprobes, respectively, the elevated
signal located over carcinoma cells relative to normal colonic epithelium (c) and to surrounding non-malignant cells being clearly demonstrated. Plates (h)
and (i) are corresponding brightfield images (magnification x215).
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patterns the level of CD44 mRNA transcripts
was always generally elevated in the carcinoma
cells as a whole.
CD44v mRNA transcripts were also in-

creased in carcinoma cells (figs 2d-2i). Again,
- a& f
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as in the case of CD44s described above, the
amount of signal observed over carcinoma cells
was greater than that over adenomatous
epithelium. As virtually no signal was observed
over surrounding connective tissue, blood ves-
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Figure 3 Frozen sections of normal colon (a), adenoma (b-e) and colonic carcinoma (f-h) tissues studied by
immunohistochemistry. Plate (a) shows epithelial membrane staining in cells of the basal portions ofa normal mucosal
crypt with the antibody which recognises the standardform epitope encoded by exon S (Hermes 3). Plates (b), (c) and (e)
show increased diffuse cytoplasmic staining of neoplastic epithelial cells in tissues from a patient with an adenoma of the
colon stained with monoclonal antibodies directed against the products of exons 5 (Hermes 3) (b), 7 (23.6.1) (c) and 11
(2F10) (e). Plate (d) shows adenoma stained with monoclonal antibody 23.6.1 which had been preabsorbed with antigen.
Plates (f-h) show strong membranous and cytoplasmic staining of colonic carcinoma cells in sections stained with antibodies
directed against epitopes encoded by exons 5 (Hermes 3) (9) 7 (23.6.1) (g) and 11 (2F10) (h) (arrows). Magnifications:
plates (a) and (g) x420;plates (b-d) and (9 x200; plates (e) and (h) xSO.
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sels and infiltrating inflammatory cells, the dif-
ferences between neoplastic and normal cells
were very striking. Image analysis indicated
that it was of the order of 2.5 to 3 times for car-
cinomas. The distribution of the labelled
CD44v probe over the malignant cells was dis-
crete and sharply localised, leaving no uncer-
tainty that the increased transcriptional activity
of the CD44v region occurs specifically in the
carcinoma cells and not in the reactive ones
(for example, lymphocytes). Immunohis-
tochemical staining with monoclonal antibod-
ies directed against exons 7 and 11 encoded
epitopes both mirrored the general pattern of
mRNA distribution (figs 3c-3e, 3g, and 3h),
although, once again, some carcinoma glands
and clumps of tumour cells did not stain with
these antibodies. This is a manifestation of
tumour heterogeneity. There were no such
focal differences in mRNA distribution.

Discussion
CD44s and CD44v mRNA are elevated
specifically in regions of epithelial accumula-
tion and invasion in colonic adenomas and
carcinomas, confirming observations with
other techniques including RT-PCR5 and
immunohistochemistry,8 that CD44 gene ac-
tivity is increased in malignancy. The theoreti-

cal possibility that increased numbers of
reactive and inflammatory "normal" cells
arriving in the tumour might have contributed
to the differences in CD44v expression be-
tween normal and cancer tissue observed with
RT-PCR, is therefore refuted. Conversely, the
interpretation that abnormal CD44 activity
could be a clinically useful marker for malig-
nant cells in diagnostic biopsy and fluid
samples is strengthened by these converging
lines of evidence showing that the abnormal
and elevated CD44 expression revealed by
PCR is a direct product of the cancer cells.
These experiments were deliberately de-

signed so that the CD44s probe would
hybridise maximally with tissue transcripts
which did not contain any CD44v exons (fig
1). The CD44s probe was amplified by PCR,
using a CD44s template derived from periph-
eral blood lymphocytes, which did not of
course contain any CD44v exons. Hence, the
probe would not bind completely to the
mRNA ifCD44v elements were inserted in the
target making hybridisation less efficient and
such a probe would be detached in the high
stringency washing conditions. Conversely,
CD44v probes were designed to span the
entire variant region without overlapping the
flanking CD44s region (fig 1) and would thus
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Figure 4 Frozen sections of colonic adenoma (a) and (b) hybridised with CD44s antisense and sense riboprobe, respectively. Plates (c) and (d) show
colonic carcinoma hybridised with CD44s antisense and sense riboprobe, respectively, with a lower power magnification inset. (Magnificiation x440.) In
both cases signal can be seen to be increased over neoplastic cells, compared with normal colonic mucosa. The most striking increase occurred over carcinoma
cells.
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only remain annealed to transcripts containing
partial or full length CD44v region encoded by
all the variant exons. From this it can be
understood that the increases observed in
CD44s and CD44v containing transcripts in
tumours are true readings of the quantity and
distribution of transcripts containing the corre-
sponding, homologous, elements in human tis-
sues. It should be realised, however, that the
information obtained so far does not convey
any knowledge of the composition and location
of transcripts which contain less than the full
complement of variable region exons. For this,
further studies with probes for individual exons
would be required. From the sizes of RT-PCR
products obtained from normal tissues and the
in situ hybridisation data given above, it would
seem that the production of high molecular
weight transcripts containing all the variant
exons is a rare event in the cells of a non-
neoplastic adult tissue.
The relations between the tissue distribu-

tions of mRNA transcripts and of peptide
epitopes encoded by the CD44 exons, revealed
by the parallel application of in situ hybridisa-
tion and immunohistochemical techniques on
matched samples of normal and neoplastic tis-
sue from the same patients, are intriguing. In
general, the quantities and distibutions of
CD44 mRNA and proteins were similar, but
they did not always correspond. Further analy-
sis may reveal important information about the
relative turnover of CD44 mRNA and proteins
in normal and malignant cells. For instance,
the presence of abundant variant mRNA in
some areas of carcinomas which do not stain
with CD44 antibodies is curious and may
reflect derangements in translation or post-
translational processing of abnormal tran-
scripts, or both."5 16 At present these apparent
inconsistancies remain unexplained, but they
may provide important clues to the kinetic
relations between CD44 gene transcription
and translation in normal and neoplastic cells.
The findings presented in the current study
indicate that the complex activities of this large
and multifunctional gene are most suitably
analysed by using in situ hybridisation in con-
junction with immunohistochemistry and RT-
PCR.
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