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Expression of CD44 and its variants on gastric
epithelial cells of patients with Helicobacter pylori
colonisation
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Abstract
Background-Studies have suggested that
expression of the adhesion molecule CD44
may be of prognostic importance in
gastric cancer. In addition, there is strong
evidence that Helicobacterpyloni has a role
in gastric cancer.
Ains-To determine the expression of
CD44 and its variants (v6, v9) and HLA
class II molecules on human gastric epithe-
lial cells and intraepithelial lymphocytes in
patients with and without H pylon infec-
tion.
Patients-Eighteen patients (seven men
and 11 women) attending for endoscopic
evaluation because of upper gastrointes-
tinal symptoms were included. An addi-
tional 10 patients (five men and five
women) were analysed for CD44 variant
expression).
Methods-Biopsy specimens were taken
from the gastric antrum during endoscopy.
Gastric epithelial cells and intraepithelial
lymphocytes were examined by two colour
flow cytometry and compared in patients
with and without Hpylori infection.
Results-Expression of CD44 and its vari-
ants (CD44 v9) was increased in epithelial
cells but not in intraepithelial lymphocytes.
Both epithelial cells and intraepithelial
lymphocytes expressed higher levels of
HLA class II molecules (DR and DP),
possibly as a result of local cytokine pro-
duction. Furthermore, results showed
upregulation of CD44 on a gastric epithe-
lial cell line (AGS) by cytokines and
peripheral blood mononuclear cell super-
natant.
Conclusions-These data suggest that
Hpylori, either directly or through a local
inflammatory response, is responsible for
increased expression of CD44 and its
variant CD44 v9. These data are of poten-
tial importance 'm relation to increased
expression ofCD44 and CD44 v9 on gastric
carcinoma.
(Gut 1996; 38: 507-512)
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CD44 and variants (v9, v6), MHC class II, gastric
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gastric epithelial cell line (AGS).

Helicobacter pylon colonises human gastric
epithelium and is the commonest cause of
antral gastritis and duodenal ulceration.1 In

addition, there is considerable evidence that
H pylori has a role in the aetiology of gastric
cancer.2 3This evidence comes from several
nested case-control studies and from numer-
ous pathological studies suggesting that the
natural history of H pylori infection is that of
chronic active gastritis, which may ultimately
result in premalignant gastric mucosal atrophy,
intestinal metaplasia, and achlorhydria.4 5 In
addition, H pylori is almost always found in
gastric dysplasia and early gastric cancer.6
Several mechanisms have been suggested by
which H pylori infection could lead to gastric
cancer. Directly and indirectly, by the immune
inflammatory response, H pylori can influence
the rate of epithelial cell proliferation, suggest-
ing that the bacterium may be an initiating step
in gastric carcinogenesis and an important co-
carcinogenic factor.7 8
CD44 is a cell surface adhesion molecule9 10

expressed on a wide variety of cell types includ-
ing epithelial cells." 12 CD44 exists in a number
of isoforms as a result of alternate splicing and
post-translational modification, varying in mole-
cular weight from 85-90 kDa to 200 kDa.13 14
CD44 is important in mediating T cell and
macrophage adhesion, migration and activation,
lymphocyte homing, natural killer cell mediated
cytotoxicity, haemopoesis, and metastasis.9 10 15
Expression ofCD44 variant adhesion molecules
has been detected on several tumours and its
expression may be associated with increased
metastatic potential.13

Recent data have suggested that inflamma-
tory mediators such as interferon y (IFN-y)
may upregulate expression of CD44.11
Furthermore, previous studies have shown
that CD44 and CD44 variants are expressed
in normal gastric tissue.13 Notably, the CD44
variant, CD44 v9 was found to be expressed
in gastric carcinoma, a malignancy associated
with H pylori infection,4 5 and this expression
was of prognostic importance. 16-19 As there is
a strong association between H pylori and
gastric carcinoma, we aimed to determine
whether H pylori might play a role in the
induction of CD44 v9. Secondly, as local
secretion of cytokines is a feature of chronic
inflammation induced by H pylon,20 we pos-
tulated that this might be a factor in expres-
sion of CD44 variants.

Methods

PATIENTS AND GASTRIC BIOPSY SPECIMENS
Group I comprised 18 patients (seven men
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and 11 women; mean age 47.2 years; range
21-78 years) attending for endoscopy due to
symptoms from the upper gastrointestinal
tract were included. Ten of them were
H pylori positive (including four patients who
had duodenal ulcer) and eight were H pylori
negative (three patients with chronic inflam-
mation and five patients with normal gastric
mucosa).
Group II comprised an additional 10

patients (five men and five women) who were
analysed for CD44 variant expression. In five
patients, gastritis and duodenal ulcer were
diagnosed endoscopically and histologically.
Five patients were H pylon negative and had
normal gastric mucosa.

Biopsy specimens were taken during upper
gastrointestinal endoscopy from the gastric
antrum. H pylon was identified histologically
by haematoxylin and eosin, Giemsa staining,
and CLO test.

SEPARATION OF THE GASTRIC EPITHELIAL
CELLS AND INTRAEPITHELIAL LYMPHOCYTES
Gastric epithelial cells (EP) and intraepithe-
lial lymphocytes (IEL) were separated by a
modification of a previously described tech-
nique.21 Four gastric biopsy specimens were
placed in Hanks' balanced salt solution with-
out calcium and magnesium (CMF HBSS
Gibco, +5% fetal calf serum (FCS)) contain-
ing 1 mM dithiothreitol (DTT, Sigma) and 1
mM EDTA (Analar*, BDH Chemicals Ltd,
Poole, England) in a 20 ml universal
V-bottomed container (Bibby Sterilin Ltd,
Staffs, UK). The container was then allowed
to tumble freely in a basket attached to a
rotating blood mixer (Matbum Blood Cell
Suspension Mixer) for one hour at 37°C. The
specimens were then washed twice with
RPMI 1640 (Gibco) containing 10% FCS.
The number and viability (>90%) of IEL and
EP were determined using ethidium bro-
mide/acridine orange (EB/AO). Viability of
IEL and EP was consistently greater than
90%. The yield of viable IEL ranged from
0.55-7.2X 107/ml and the yield of viable EP
ranged from 3.2- 17.8X 107/ml. In prelimi-
nary studies,22 the specimens were examined
histologically after the isolation procedure to
ensure integrity of the basement membrane
and of the lamina propria. Integrity was main-
tained for up to two hours incubation in
DTT/EDTA. In the experiments described
here, a one hour incubation was used with
adequate removal of the epithelial layer alone.

FLOW CYTOMETRIC ANALYSIS

Preparation of the cells
The IEL and EP were resuspended in phos-
phate buffered saline (PBS) containing
bovine serum albumin (BSA, 1%, v/v) and
sodium azide (0.02%, w/v). The cells
(1 X 105) were dispensed in 100 ,ul aliquots to
the appropriate tubes, washed twice with
PBS/BSA/azide, and centrifuged at 250 g for
three minutes at 4°C.

Two colour immunofluorescence analysis of cell
surface molecules
Specific antibodies included anti-CD44 (5 ,ul,
L3D1, a kind gift of Dr M B Omary), D.2.1,
(23 and unpublished observation), anti-CD44
variants (v6 and v9) (Bender MedSystems),
anti-HLA-DR (a kind gift of Dr Peter
Lydyard, Middlesex Hospital), anti-HLA-DP,
and anti-HLA-DQ (Becton Dickinson) (all
IgG antibodies). An anti-murine major histo-
combatibility complex (MHC) antibody (anti-
IE) (IgG) was used as an isotype control for all
adhesion molecule antibodies and HLA class
II antibodies.
The procedure was as follows. Specific anti-

body was added to the appropriate tubes;
anti-IE (10 ,l1) was added to the control tube.
The tubes were incubated at room tempera-
ture for 15 minutes, then washed with
PBS/BSA/azide (X2). FITC conjugated
F(abl)2 fragments of rabbit anti-mouse
immunoglobulin (1:100, 100 ,ul) were added
to each tube and incubated at room tempera-
ture for 10 minutes. The cells were again
washed with PBS/BSA/azide (X2). Normal
mouse serum (1:50, 50 gl) was added to each
tube to block non-specific binding sites and the
tubes were incubated at room temperature for
10 minutes followed by two washes with
PBS/BSA/azide. Before staining with anti-
CD44 variant (v6), the cells were prefixed with
2% paraformaldehyde in PBS (0.5 ml) for 10
minutes.

Phycoerythrin conjugated anti-CD3 (CD3
PE) (5 ,l) was added to each of the above
tubes and incubated for 10 minutes followed
by washing with PBS/BSA/azide (X2). The
cells were then fixed with 0-5% paraformalde-
hyde in PBS (0.5 ml) and analysed using the
Becton Dickinson FACScan and Lysys soft-
ware. Histological examination of sections
showed that one hour incubation removed
only the epithelial layer leaving the basement
membrane intact suggesting that we had a pure
single cell suspension derived from the epithe-
lial layer. Hence, CD3 negative cells were
classified as epithelial cells.22 The mean fluo-
rescence intensity and percentage of positive
cells were estimated from the gate accumu-
lated histograms.

STUDIES ON CULTURED GASTRIC EPITHELIAL
CELL LINE (AGS)
(1) Activated PBMC supernatant was pre-
pared by co-culturing PBMC from a healthy
volunteer (Hpylori negative) at a concentration
of 2X 106/ml for 24 hours with anti-CD3
(OKT3) in RPMI medium. After 24 hours'
stimulation, lymphocytes were washed three
times and incubated for a further 24 hours in
the medium. Medium at the end of this period
was collected and used as activated PBMC
supernatant.24
(2) A gastric epithelial cell line, AGS (ATCC),
derived from a human gastric adenocarcinoma
was cultured in the flasks at 37°C in a humidi-
fied atmosphere of 5% CO2 in air. When the
AGS cells were grown to subconfluency, they
were incubated for a further 24 hours with
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Figure 1: FACScan profiles ofCD44 (L3D1 antibody)
expression on gastric epithelial cells in Helicobacter pylon
positive (A) and negative (B) patients. The shaded peaks
representfluorescence when the epithelial cells are incubated
with FITC-labelled isotype control (anti-IE). The
unshaded peaks represent staining with FITC-labelled
anti-CD44 on CD3 negative cells (epithelial cells).

medium alone, recombinant tumour necrosis
factor o (TNF-at, gift of Cetus corporation
Emeryville, CA, USA, 6 ng/ml) and IFN-y (5
ng/ml, kindly donated by Dr Kingston Mills,
National Institute for Biological Standards,
UK), and activated PBMC supematant.24 After
co-culture with different cytokines and activated
PBMC supernatant, the cells were removed
from flasks by 0-05% (w/v) EDTA treatment,

TABLE I Expression ofCD44 in gastric epithelial cells (EP) and intraepithelial
lymphocytes (IEL) using two separate monoclonal antibodies D 2.1 and L3DI. Flow
cytometric analysis is described in the methods section. The data are presented as mean
(SEM) fluorescence intensity. D 2.1 has a higher affinity and gives consistently higher
readings than L3D1

Fluorescence intensity (mean (SEM))

D 2.1 L3D1

EP (HP+ve) (n=10) 180-9 (25 5)* 153-9 (48.2)*
EP (HP-ve) (n=5) 89-82 (18-8) 28-66 (13-6)
EP (HP-ve) with chronic inflammation (n=3) 96-25 (20-8) 33-08 (17-8)
p <0-02 <0-02
IEL (HP+ve) (n= 10) 167-0 (34-4) 215-6 (50-1)
IEL (HP-ve) (n=5) 145-5 (19-4) 178-3 (35-7)
IEL (HP-ve) with chronic inflammation (n=3) 126-7 (22-7) 186-4 (46-8)
p NS NS

HP=Helicobacter pylori.

resuspended in fresh medium, and labelled
using the monoclonal antibodies anti-CD44
(L3D1 and D.2.1), anti-CD44 (v6), and (v9).

STATISTICAL ANALYSIS
The significance of the difference between
the H pylon positive and negative groups was
evaluated using the Student's t test and the
Mann-Whitney U test. Data were expressed as
mean (SEM). Results were expressed as the
mean fluorescence intensity of cells, when
most cells expressed a particular marker.
Results were expressed as the percentage of
cells stained with the specific monoclonal anti-
body above the percentage of the same cells
stained with the control when only a small
minority expressed the marker.

Results

CD44 AND ITS VARIANTS (v6, V9) EXPRESSION
ON GASTRIC EPITHELIAL CELLS
EP and IEL expressed the adhesion molecule
CD44 as assessed using two separate mono-
clonal antibodies (L3D1, D2.1). A FACScan
profile of adhesion molecule CD44 (L3D1
antibody) expression on EP is shown in Figure
1. Expression of CD44 (L3D1, D2. 1) was
significantly increased (p<0 02) on EP in
H pylori positive compared with H pylori nega-
tive individuals with or without chronic inflam-
mation (Table I). There were no statistically
significant differences in expression of CD44
(L3D1, D2.1) on gastric intraepithelial
lymphocytes between the H pylori positive and
negative groups (Table I).

In addition, the CD44 variant (v9) was not
expressed on Hpylori negative EP cells and was
detected to varying degrees onHpylori positive
EP. A FACScan profile of adhesion molecule
CD44 v9 expression on EP is shown in Figure
2. There was a significantly increased
(p<0 05) expression of CD44 v9 on EP from
patients with H pylori infection compared with
uninfected patients (Table II). CD44 v6
expression by contrast was detected even in
normal gastric mucosa. While levels of CD44
v6 were increased in H pylon positive indivi-
duals this did not reach statistical significance
in this study (Table II).

HIA-DR, HLA-DP, AND HLA-DQ EXPRESSION ON
EP AND IEL
Surface HLA-DR, HLA-DP, and HLA-DQ
were examined on EP and IEL by two colour
immunofluorescence staining. The results
showed significantly higher (p<0 05) HLA-
DR and HLA-DP expression on EP of patients
with Hpylori infection than in uninfected indi-
viduals with or without chronic inflammation
(Table III).

Fluorescence labelling of gastric IEL also
showed strong H[A-DR (p<0 005) and HLA-
DP (p<0 02) expression of H pylori positive
patients compared with H pylori negative
patients with or without chronic inflammation
(Table III).
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Figure 2: FACScan profiles ofv9 expression on gastric
epithelial cells in Helicobacter pylori positive (A) and
negative (B) patients. The shaded peaks represent
fluorescence when the epithelial cells are incubated with
FITC-labelled isotype control (anti-IE). The unshaded
peaks represent staining with FITC-labelled anti-CD44
(v9) on CD3 negative cells (epithelial cells).

However, there was no statistically signifi-
cant difference in HLA-DQ expression in
either EP or IEL in H pylori positive and nega-
tive groups (Table III).

CYTOKINE UPREGULATION OF CD44
EXPRESSION ON AGS
CD44 expression on the AGS cell line was
examined after their incubation with different
cytokines and activated PBMC supernatant.
CD44 expression was significantly upregulated

TABLE Ii Expression ofCD44 variants (v6, v9) on
gastric epithelial cells (EP). Flow cytometric analysis is
described in the methods section. The data are presented as
mean (SEM) fluorescence intensity

Fluorescence intensity (mean (SEM))

CD44 variant (v6) CD44 variant (v9)

EP (HP+ve) (n=5) 120-1 (30 8) 27-33 (7.5)*
EP (HP-ve) (n=5) 62-08 (7-61) 13-93 (1-56)
p NS <0-05

by the activated PBMC supematant. Further
analysis has shown that both IFN--y and
TNF-oc significantly increased CD44 expres-
sion (Fig 3). However, neither the crude super-
natant nor recombinant cytokines IFN-,y and
TNF-ot had any significant effect on expression
of CD44 v6 or v9 on AGS cells (Fig 3).

Discussion
In this study we have shown increased expres-
sion of CD44 and CD44 v9 in Hpylori infected
gastric antral mucosa compared with normal
gastric mucosa using flow cytometry. CD44
and its variants have been previously detected
by immunohistochemistry in gastric EP in a
number of studies.'225 Flow cytometry is a
more sensitive technique than immunohisto-
chemistry for detection of expression of surface
molecules and additionally allows quantitative
analysis. We found that CD44 v9 was not
expressed in H pylori negative gastric EP and
was detected to varying degrees in H pylori
positive gastric EP. By contrast, however,
CD44 v6 expression was detected even in
normal gastric mucosa. Our results are consis-
tent with results obtained by immunohisto-
chemistry by Fox et al,12 who reported that
CD44 v6 but not v9 was expressed on normal
human gastric and duodenal tissues.
The mechanism by which Hpylori regulates

CD44 expression is unknown. Since H pylorn
binds to gastric EP, CD44 expression may be
a direct cellular response to products of
H pyloni. Upregulation of CD44 and CD44
variants is found in other conditions charac-
terised by chronic inflammation such as ulcer-
ative colitis.26 27 IFN-y has been shown to
induce CD44 expression in myelomonocytic
cell lines and TNF-ot has been shown to
increase v9 expression in T cells and endothe-
lial cells.'0 29 29 Hence, we examined HLA
class II expression on gastric EP and IEL as a
marker of a functional effect of IFN-y secre-
tion. We found that HLA-DR and DP expres-
sion were increased in gastric EP and IEL in
patients with H pylori associated antral gastri-
tis and peptic ulcer. This finding has been
noted by others and is not surprising since an
immune response to foreign bacterial antigens
would be expected to lead to T cell activation
and the release of IFN-y and other
cytokines.3031 IFN--y and TNF-ox are pro-
duced locally in gastric mucosa. Production
of TNF-ot and IFN--y was found to be
increased in gastric mucosa in H pylorn posi-
tive individuals.32 3 In contrast to HLA class
II, we did not find an increase in CD44
expression on gastric IEL. This suggests that
other factors in addition to IFN-y (possibly
TNF-ot) may be needed for CD44 expression
in IEL, and probably also in other cells such
as gastric EP.
The data obtained for the gastric EP line

(AGS) show upregulation of CD44 but not
CD44 variant v6 and v9 expression when

l stimulated by TNF-ox, IFN-y, and activated
PBMC supernatant. These data suggest that
factors related to H pylori infection, but not
produced by activated mononuclear cells, may
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TABLE III Expression ofHLA-DR, HLA-DP, and HLA-DQ on gastric epithelial cells
(EP) and intraepithelial lymphocytes (IEL). The cell labelling is measured as descrbed in
the methods section. The data is presented as percentage ofpositive cells

% Positive cells (mean (SEM))

HLA-DR HLA-DP HLA-DQ

EP (HP+ve) (n=10) 12-5 (4 1)* 10.0 (2.8)* 5-7 (2.2)
EP (HP-ve) (n=5) 3-60 (1.4) 2-50 (0.6) 2-2 (1-2)
EP (HP-ve) with chronic inflammation (n=3) 4-20 (2-1) 2-58 (1.1) 4-5 (2.5)
p <0 05 <0 05 NS
IEL (HP+ve) (n=10) 14-3 (3.9)* 19.1 (4.7)* 4-1 (1-6)
IEL (HP-ve) (n=5) 3.99 (0.9) 7-1 (1-2) 2-6 (0.8)
IEL (HP-ve) with chronic inflammation (n=3) 4-29 (0.7) 5-38 (2.5) 3-6 (1-3)
p <0 005 <0-02 NS

be involved in the expression of CD44 vari-
ants. Mediators produced by other cells such
as EP, fibroblasts and other stromal cells may
be required for this effect. While the degree of
CD44 induction by supematant in in vitro
studies was not equivalent to that seen in vivo.
This may suggest that combinations of
cytokines from both immune and non-immune
source may be necessary for maximal induc-
tion of CD44. Furthermore, we can not
exclude the possibility that H pylori proteins in
concert with cytokines may contribute to
increased CD44 expression. Gastric cancer
associated with H pylon arises out of areas of
multifocal atrophic gastritis with intestinal
metaplasia. Hence a local inflammatory
response to the organism could alter expres-
sion of CD44.
H pylori induced CD44 expression on

gastric EP may be important in both normal
EP function and in the pathogenesis of gastric
cancer. CD44 is thought to be functionally
involved in adherence of cells to the extracel-
lular matrix molecules including hyaluronic
acid fibronectin and collagen.10 In animal
models of metastasis, blocking antibodies to
CD44 variants inhibit metastases forma-
tion.34 3 Transfection of CD44 variant
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Figure 3: Comparison ofCD44 and its variants (v9, v6) expression on the AGS cell line
between control and tumour necrosis factor a, interferon y, and activated peripheral blood
mononuclear cells supernatant stimulated groups. AGS labeUling is described in the methods
section. The data are presented as mean fluorescence intensity. n= 6 Determinants for each
group. *p<O OS compared with control.

cDNA converts non-metastatic carcinoma
and sarcoma cells into metastatic cells in the
rat.36 Variant forms of CD44 differ in their
binding affinity towards extracellular matrix
ligands and this property could contribute to
the metastatic potential of cells expressing
CD44 variants.37 In addition, CD44 ligand
binding on tumour cells may also play a direct
role in cell proliferation.35 Hence, H pylori
induced upregulation of CD44 and expres-
sion of variant exons could not only play a
role in regulation of epithelial cell prolifera-
tion in the gastric mucosa but also in the
metastatic potential of H pylori associated
tumours.

In conclusion, we have shown that H pylori
infection of the gastric mucosa is associated
with increased expression of CD44 and its
variant (v9) on gastric epithelial cells.
Furthermore, we have shown upregulation of
CD44 expressed on AGS by TNF-o, IFN-y,
and activated PBMC supernatant. H pylori,
either directly or indirectly, may be at least
partly responsible for the increased expression
of CD44 and its variant v9 in gastric carci-
nomas.
DK is a Wellcome Senior Fellow in Clinical Science. Aideen
Long was supported by the Cancer Research Advancement
Board of the Irish Cancer Society.
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