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Abstract

Purpose Tumor stem cell surface marker CD44v6, a
member of the CD44 protein family, is causally involved in
the metastasis of cancer. Little is known about the functions
of CD44v6 in gastric cancer. The aim of this study was to
evaluate the prognostic value of CD44v6 and investigate its
functional roles.

Methods The expression of CD44v6 in 208 primary gas-
tric adenocarcinoma patient samples was examined using
immunohistochemistry and its correlation with clinico-
pathological parameters, and 5-year patient survival was
assessed. Two pairs of MGC-803 stable cells with either
CD44v6 overexpression or knockdown were created. The
effect of CD44v6 on cell proliferation, colony formation,
migration and apoptosis was investigated using these two
pairs of cells.

Results  Overexpression of CD44v6 was observed in all
cancer cell lines. The 5-year survival rate of patients with
positive CD44v6 expression is significantly worse com-
pared to those with negative expression (38.8 vs. 73.6 %).
CD44v6 and TNM stage are two independent prognostic
factors of primary gastric adenocarcinoma. The risk fac-
tors for the positive CD44v6 expression are location of
tumor, depth of invasion, lymph node metastasis, Lauren
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classification and TNM stage. In MGC-803 cells, CD44
stimulated proliferation and colony formation, antagonized
oxaliplatin-induced apoptosis, but did not affect migration.
Conclusion CDA44v6 is an important prognosis marker in
gastric cancer. Tissue specificity may affect the functions
of CD44v6, and further work is needed to elucidate its
regulation.
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Introduction

Gastric cancer (GC) is the fourth most common malignancy
and the third leading cause of cancer-related death world-
wide (Correia et al. 2009; Lozano et al. 2012). Despite
the decline in global patient number, GC remains one
of the most prevalent cancers in China and over 40 % of
new cases in the world are diagnosed in China (Ferro et al.
2014). Although the progress in early diagnosis and adju-
vant therapy has improved the prognosis of GC patients,
radical surgery is still the primary approach for GC treat-
ment. More specific diagnostic and therapeutic targets are
urgently needed for better clinical application in this field.
Cancer stem cells (CSCs) in tumors are defined as a sub-
population of tumor cells that have both tumor-initiating
ability and the ability to reconstitute the cellular heteroge-
neity typical of their tumors of origin (Schwitalla 2014).
For tumors from epithelial origin including head and neck,
breast, prostate and colon, isolation of CSCs is frequently
based on their greater cell surface expression of CD44 (Al-
Hajj et al. 2003; Collins et al. 2005; Dalerba et al. 2007;
Li et al. 2007a). CD44 is a transmembrane glycoprotein
participating in multiple cellular processes such as growth,
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survival, differentiation and mortality and plays important
roles in malignant behaviors of several human cancers
(Aruffo et al. 1990; Nagano et al. 2004; Orian-Rousseau
and Ponta 2015; Vigetti et al. 2008; Yasui et al. 1998). It
has been reported that the CD44-positive fractions in GC
tumors can generate spheroid colonies under non-adherent
conditions, and a small number of these cells can generate
tumors in nude mice, demonstrating the potential therapeu-
tic value for targeting CD44-positive cells in chemotherapy
for GC treatment (Takaishi et al. 2009).

CD44 comprises three functional domains: the extracel-
lular domain, the transmembrane domain and the cytoplas-
mic domain (Bajorath 2000). The extracellular domain is
responsible for binding the extracellular matrix components
such as hyaluronate, glycosaminoglycans, collagen, laminin
and fibronectin. The membrane-proximal portion of the extra-
cellular domain contains an insert from alternatively spliced
exons, generating multiple CD44 isoforms (CD44v). The
exons 1-5 and 16-20 of CD44 gene are present in all CD44
transcripts, whereas exons 6—15 are variably spliced (Bajo-
rath 2000). CD44v6 is one of the CD44 isoforms and has
been correlated with the malignancy of some cancer types.
For example, Mikami et al. reported that CD44v6 was over-
expressed in extrahepatic bile duct carcinomas and was linked
with carcinoma cell differentiation (Mikami et al. 2001). In
this study, we examined the expression of CD44v6 in GC
patient samples using immunohistochemistry (IHC) and eval-
uated its prognostic value. The functional roles of CD44v6 in
GC cell proliferation, colony-forming ability, migration and
response to chemotherapy reagent were also investigated.

Materials and methods
Clinical samples

Gastric cancer (GC) tumor samples were obtained from
208 patients at Fujian Medical University Union Hospi-
tal, and the detailed clinicopathological parameters were
assessed. All GC patients were diagnosed and gastrec-
tomized with lymph node dissection in the Department of
Gastric Surgery of the Union Hospital from 2006 to 2008.
All patients had a well-documented clinical history and
detailed follow-up information. None of the patients under-
went preoperative chemotherapy and radiation therapy. The
ethics committee of Fujian Medical University Union Hos-
pital approved this study, and written consent was obtained
from all patients involved.

THC analysis

Immunohistochemistry (IHC) staining for CD44v6
was performed on formalin-fixed, paraffin-embedded
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gastric tissue sections (3-pm-thick tumor or normal).
The CD44v6 protein expression was immunohistochemi-
cally demonstrated as yellowish to brown staining in
the cytoplasm and membrane of gastric glandular cells.
Two pathologists, blinded to the clinical data, reviewed
the immunoreactivity for CD44v6 protein under a light
microscope. The protein expression was scored inde-
pendently according to the intensity of cellular staining
and the proportion of stained tumor cells. The staining
intensity was scored as O (no staining), 1 (weak staining,
light yellow), 2 (moderate staining, yellow brown) and 3
(strong staining, brown). The proportions of stained tumor
cells were classified as 0 (<5 % positive cells), 1 (6-25 %
positive cells), 2 (26-50 % positive cells) and 3 (=51 %
positive cells). The total scores for intensity and propor-
tion were used to signify the level of protein expression.
A score of 3 or less was considered negative CD44v6
expression, and a score of 4 or more was considered posi-
tive CD44v6 expression.

Cell culture

Human GC cell lines MGC-803, BGC-823, SGC-7901 and
MKN-45, and the normal gastric epithelial cell line GES-1
were purchased from the Institute of Biochemistry and Cell
Biology at the Chinese Academy of Sciences (Shanghai,
China). These cell lines were maintained in RPMI 1640
(Invitrogen Corp., Carlsbad, California) containing 10 %
fetal bovine serum (FBS) (Equitech-Bio, Ingram, Texas),
100 units/ml penicillin G and 100 pg/ml streptomycin (Inv-
itrogen Corp.). Human CD44v6 was cloned from human
brain ¢cDNA library (Invitrogen) and subcloned into the
pcDNA3 plasmid containing enhanced green fluorescent
protein (EGFP) to generate EGFP-CD44v6 construct. The
scramble and CD44v6 shRNA were purchased from Gene-
Chem Corporation (Shanghai, China). MGC-803 cells were
transfected with plasmids or shRNA using Lipofectamine
2000 (Invitrogen). The stable clonal cell lines were selected
with media containing 1 mg/ml G418 and maintained in
media with 0.2 mg/ml G418.

Cell proliferation and migration analysis

In a typical proliferation experiment, 20,000 cells were
seeded on a 48-well plate in 200 pl medium and incubated
for indicated time. Cell growth was monitored by the clas-
sical  2-(4,5-dimethyltriazol-2-yl)-2,5-diphenyl tetrazo-
lium bromide (MTT) assay using the cell proliferation kit
(Roche, Mannheim, Germany). All assays were performed
in triplicate. For the comparisons of growth rate, one-way
ANOVAs were used.

Cell migration was measured with scratch wound-
healing assay. Cells were seeded in a six-well plate and



J Cancer Res Clin Oncol (2015) 141:1809-1817

1811

grown overnight to confluence. The monolayer cells
were then scratched with a sterile pipette tip to create a
wound, washed twice with serum-free media to remove
floating cells, and left to grow in serum-free media. The
cells migrating from the leading edge were photographed
at 0, 12 and 24 h. Multiple views of each well were
documented, and three independent experiments were
performed.

Western blot

Cells were homogenized in 100-200 1 of radioimmuno-
precipitation assay (RIPA) lysis buffer containing protease
inhibitors at 4 °C for 30 min, followed by centrifugation
at 16,000g for 15 min at 4 °C. The protein concentration
of the supernatant was measured using the BCA Protein
Assay Kit (Thermo). A total of 40 mg of protein of each
sample was denatured and separated via SDS-PAGE and
transferred to a nitrocellulose membrane (Millipore, Bill-
erica, MA). Subsequently, the membrane was blocked
with 5 % nonfat milk at room temperature for 1 h. The
membrane was then incubated with mouse anti-CD44v6
(1:300; ab78960, Abcam, Cambridge, MA) or rabbit anti-
GAPDH (Cell Signaling Technology) primary antibod-
ies overnight at 4 °C. After washing with wash buffer
(10 mM Tris—HCI, 150 mM NaCl, and 0.1 % Tween
20), the membrane was further incubated with horserad-
ish peroxidase-conjugated goat anti-rabbit or anti-mouse
IgG (Sigma, St. Louis, MO) at a 1:3000 dilution for 1 h at
room temperature. In the end, the membrane was washed
for 30 min with wash buffer and detected using enhanced
chemiluminescence (Amersham Corporation, Arlin-gton
Heights, IL, USA).

Colony formation assay

Cells were seeded into six-well plates at a density of 1,000
cells/well and incubated for 14 days. The plates were then
washed with phosphate-buffered saline (PBS) for three
times, fixed with 70 % methanol for 15 min, and stained
with Giemsa (Sigma) for 30 min. After five washes with
PBS, the plates were left to dry and the number of colonies
was counted using optical microscope. Each experiment
was repeated three times.

Statistical analysis

All statistical analyses were performed using the software
“Statistical Package for Social Science” (SPSS) version
9.0 for Windows (SPSS, Inc, Chicago, Illinois). Inter-
group comparisons of the clinical and pathologic variables
were analyzed using the Student ¢ test for continuous vari-
ables and two-tailed two tests for discrete variables. The

Kaplan—-Meier method was used for calculating the survival
rate, and the difference between the curves was assessed
using the log-rank test.

Results

Overexpression of CD44v6 in gastric cancer is
associated with worse patient survival

In order to investigate whether CD44v6 may have an
important role in GC, we first compared the protein expres-
sion of CD44v6 in four GC cell lines with one normal gas-
tric epithelial cell line GES-1. CD44v6 protein was sig-
nificantly higher in all four cancer cell lines in comparison
with GES-1 (Fig. 1a), suggesting CD44v6 may be overex-
pressed in GC. Next, we set out to evaluate CD44v6 expres-
sion in 208 paraffin-embedded primary gastric adenocarci-
noma samples using [HC. The samples were divided into
CD44v6-negative or CD44v6-positive based on the inten-
sity of the CD44v6 protein staining and the proportion of
CD44v6-expressing cells (see “Method”). Nearly 60 % of
patients were CD44v6-positive (Table 1), supporting our
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Fig. 1 Evaluation of CD44v6 expression in gastric cancer cell lines
and patient samples. a CD44v6 protein expression in GES-1, MGC-
803, BGC-823, SGC-7901 and MKN-45 cells was detected by West-
ern blot. b Positive CD44v6 protein expression is associated with
gastric cancer patient survival
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Table 1 Prognostic analysis of

o : Clinicopathological Patients (n) %  5-Year overall P value Multivariate analysis
clinicopathological parameters parameters survival rate (%)
P value RR (95 %CI)
Gender 0.086
Male 154 74 60.2
Female 54 26 40.1
Age (years) 0.7
<60 28 13 582
>60 180 87 542
Location of tumor 0.527
Upper stomach 58 28 619
Middle stomach 42 20 58.8
Lower stomach 108 52 499
Tumor size 0.312
<5cm 134 64 52
>5 cm 74 36 59.7
Differentiation Grade 0.709
Well 72 35 548
Moderate 81 39 53.6
Poor 55 26 56.2
Depth of invasion 0 0.632
T1+T2 68 33 789
T3 + T4 140 67 42.8
Lymph node metastasis 0 0.174
NO 51 25 86.1
N1 47 23 672
N2 49 24 46.1
N3 61 29 244
Lauren classification 0.625
Intestinal type 74 36 57.1
Diffuse type 134 64 534
TNM stage 0 0.04 3.222 (1.057-9.820)
I+1I 65 31 905
I+ 1v 143 69 38.1
Resection extent 0.078
TG 108 52 57
DG 43 21 424
PG 57 27 60
CD44v6 0 0.025 1.667 (1.065-2.611)
Negative 85 41 73.6
Positive 123 59 3838

hypothesis of common overexpression of CD44v6 in GC.
In addition, CD44v6 overexpression and later TNM stages
(Table 1) were the only two clinicopathological param-
eters significantly associated with worse patient survival
(Fig. 1b), indicating CD44v6 may be a useful prognostic
marker and pose important oncogenic functions in GC. The
risk factors associated with CD44v6 overexpression were
also assessed. Location of tumor, depth of invasion, lymph
node metastasis, Lauren classification and TNM stage are
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significantly associated with CD44v6-positive expression
(Table 2).

Investigation of the functional roles of CD44v6
in gastric cancer

In order to investigate the functional roles of CD44v6 in
GC, we first created two MGC-803 cell lines stably express-
ing GFP or GFP-CD44v6 (Fig. 2a). Next, we compared
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Table 2 The relationship

o - Clinicopathological parameters  Patients (n) % Positive CD44v6 (%)  Chi square value P value
between clinicopathological
parameters and CD44v6 Gender 1.712 0.191
zzg ;Zscsell?:lr]lr(]) Ifl Zmary gastric Male 154 74 87(56.5)
Female 54 26 36 (66.7)
Age (years) 0.414 0.520
<60 28 13 15 (53.6)
>60 180 87 108 (60.0)
Location of tumor 9.850 0.007
Upper stomach 58 28 36 (62.1)
Middle stomach 42 20 16 (38.1)
Lower stomach 108 52 71 (65.7)
Tumor size 2.384 0.123
<5cm 134 64 74 (55.2)
>5 cm 74 36 49 (66.2)
Grade of differentiation 0.178 0.915
Well 72 35 44 (61.1)
Moderate 81 39 47 (58.0)
Poor 55 26 32 (58.2)
Depth of invasion 26.784 0.000
T1+ T2 68 33 23 (33.8)
T3 + T4 140 67 100 (71.4)
Lymph node metastasis 12.370 0.006
NO 51 24 22 (43.1)
N1 47 23 26 (55.3)
N2 49 24 29 (59.2)
N3 61 29 46 (75.4)
Lauren classification 6.660 0.010
Intestinal type 74 36 35 (47.3)
Diffuse type 134 64 88 (65.7)
TNM stage 19.302 0.000
I+11 65 31 24 (36.9)
I +1v 143 69 99 (69.2)
Resection extent 2.968 0.231
TG 108 52 58 (53.7)
DG 43 21 29 (67.4)
PG 57 27 36 (63.2)

the proliferation of these two cell lines using MTT assay.
The growth of cells expressing GFP-CD44v6 is faster than
those expressing GFP, suggesting CD44v6 is capable of
stimulating cell proliferation (Fig. 2b). Similar results were
observed in colony formation assays as GFP-CD44v6-over-
expressing cells displayed a higher colony-forming ability
(Fig. 2¢). Afify et al. have shown that CD44v6 can promote
breast cancer cell migration in wound-healing assays (Afify
et al. 2009). However, overexpression of CD44v6 did not
affect cell migration in MGC-803 cells (Fig. 2d), indicating
that the migration-promoting ability of CD44v6 may be tis-
sue specific. In addition, CD44v6 was reported to antago-
nize Fas ligand-mediated apoptosis (Mielgo et al. 2006).

Therefore, we investigated the effect of CD44v6 overex-
pression on the apoptosis induced by the routine chemo-
therapy reagent for GC, oxaliplatin. The cells expressing
GFP-CD44v6 displayed a weaker apoptosis in response to
oxaliplatin (Fig. 2e), supporting the anti-apoptotic role of
CD44v6 in GC.

To further confirm the functional roles of CD44v6, we
created another pair of MGC-803 cells stably expressing
scramble RNA or CD44v6 shRNA (Fig. 3a). Consistent
with the results observed in the CD44v6-overexpressing
cell line, knockdown of CD44v6 reduced the proliferation
rate (Fig. 3b) and suppressed the colony-forming ability
(Fig. 3c) of MGC-803 cells. Moreover, the cell migration
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Fig. 2 Investigation of the A & b(b?{o D
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were used as 1 for fold change
calculation. ¢ Colony-forming
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stably expressing GFP or GFP-
CD44v6 was investigated by
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was not affected by CD44v6 knockdown (Fig. 3d), while
the apoptosis induced by oxaliplatin was enhanced (Fig. 3e).

Discussion

As a CSC marker, CD44 is widely studied in various can-
cer types. For example, CD444-/CD24— is commonly
used as a surface marker to sort out CSCs in breast can-
cer (Li et al. 2007b). In GC, Xin et al. first discovered that
CD44v6-positive expression was associated with poorer
patient survival in advanced gastric adenocarcinoma (Xin
et al. 2001). Since then, multiple studies have investigated
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the correlation between CD44v6 overexpression and prog-
nosis of GC patients. In 2014, two meta-analysis studies
using the published data both confirmed the association
between positive CD44v6 expression and worse overall
patient survival (Chen et al. 2014a, b). In this work, we
evaluated the correlation between CD44v6 overexpression
and clinicopathological parameters in 208 primary gastric
carcinoma patient samples, providing extra evidence sup-
porting the role of CD44v6 as an important independent
prognosis factor for GC. Zlobec et al. have shown that loss
of membranous CD44v6 in colorectal cancer was associ-
ated with multiple clinicopathological factors, but not as an
independent prognosis factor (Zlobec et al. 2009). Of note,
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Fig. 3 Investigation of the effects of CD44v6 knockdown. a Cell
lysates were extracted from MGC-803 cell lines stably expressing
scramble RNA or CD44v6-shRNA, and the expression of CD44v6
and GAPDH was detected by Western blot. b Proliferation of MGC-
803 cell lines stably expressing scramble RNA or CD44v6-shRNA
over 5 days was examined using MTT assay. The readings at day O
were used as 1 for fold change calculation. ¢ Colony-forming ability
of MGC-803 cell lines stably expressing scramble RNA or CD44v6-
shRNA was investigated by colony formation assay. The upper
panel was the representative result images of the relative cell line.
The lower panel was the quantitative comparison. The MGC-803

the cytoplasmic expression of CD44v6 was only observed
together with membranous CD44v6 staining in very few
samples (3 out of 208) in this study. Therefore, the discrep-
ancy of the roles of CD44v6 in colorectal and GCs is prob-
ably due to tissue specificity of colon and stomach, but not
stratification of the protein localization.

Despite the studies on the CD44v6 expression, little is
known about the mechanisms of how it exerts its oncogenic
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cell lines stably expressing scramble RNA were used as 1 for fold
change calculation. d MGC-803 cell lines stably expressing scram-
ble RNA or CD44v6-shRNA were subject to scratch wound-healing
assays. The wound status was recorded at 0-, 12- and 24-h post-
scratch, and the representative images were presented. ¢ MGC-803
cell lines stably expressing scramble RNA or CD44v6-shRNA were
exposed to oxaliplatin at indicated concentrations, and the cell lysates
were collected 24-h post-treatment. The expression of cleaved-PARP
(c-PARP) and GAPDH was detected by Western blot. The experi-
ments in (b—e) have been repeated three times

function in GC. Although numerous studies have discov-
ered the cellular process and signaling pathways CD44v6
is involved in (Orian-Rousseau 2010), it is important to
validate them in GC. Therefore, we created two pairs of
MGC-803 cells with either GFP-CD44v6 overexpression
or knockdown of endogenous CD44v6 to investigate the
functional roles of CD44v6 in GC. Consistent with previ-
ous studies in other caner types (Orian-Rousseau 2010),
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CD44v6 positively stimulated cell proliferation and colony
formation and inhibits oxaliplatin-induced apoptosis in
MGC-803 cells. However, CD44v6 did not activate cell
migration in the scratch wound-healing assays, suggesting
tissue specificity may affect the functions of CD44v6. The
mechanisms on why CD44v6 lost its ability to stimulate
GC cell migration are unclear, and further studies will be
needed to elucidate this question.

Taken together, our data demonstrated some similarity
and difference of the functions of CD44v6 in GC compared
with previous reports from other cancer types. Much more
work needs to be done for a better knowledge of the sign-
aling pathways CD44v6 participates in GC. For example,
CD44v6 has been reported to rescue a mouse thymoma
cell from apoptosis by persistently activating MAP kinase
pathway (Marhaba et al. 2005), which has been found to
antagonize apoptosis in GC cell lines (Kim et al. 2014). It
will be interesting to explore whether the activation of the
MAP kinase pathway is responsible for the anti-apoptotic
effect of CD44v6 in response to oxaliplatin in GC. These
works may shed light on understanding the metastasis of
GC and provide further information on the molecular regu-
lation of CSCs.
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