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Abstract. CD44v6 has been causally associated with the 
development of metastases and with poor prognosis in various 
human malignancies. To elucidate the clinicopathological 
significance of CD44v6 expression in esophageal squamous 
cell carcinoma (ESCC), the present study aimed to investigate 
the expression of CD44v6 using immunohistological tech-
niques. Using specific antibodies against CD44v6 and CD44s, 
expression of the proteins was analyzed immunohistochemi-
cally in 63 primary esophageal ESCCs, which were previously 
resected at the Nagoya City University Hospital without 
pre-operative induction therapy. Using light microscopy, the 
positive expression of CD44v6 was divided into a low- or high-
expression group. The expression of CD44v6 in ESCC was 
analyzed with respect to various clinicopathological character-
istics. The frequency of CD44v6 expression was 90.5% (57/63). 
The CD44v6 high-expression group comprised 55.6% of the 
patients (n=35) and the low expression group included 44.4% 
of the patients (n=28). In this study, no significant difference 
was observed between any clinicopathological factor and the 
immunohistochemical expression of CD44v6. In patients with 
high levels of CD44v6 expression, survival was markedly 
worse (p=0.0327). Favorable outcomes were observed for the 
clinicopathological characteristics of 6 patients whose tissue 
immunohistochemical expression of CD44v6 was not detected. 
Moreover, multivariate analysis confirmed that expression 
of CD44v6 was an independent prognostic indicator (risk 
ratio =2.793; p=0.0301). Overexpression of CD44v6 is a useful 
prognostic indicator of ESCC. Therefore, CD44v6 should be 
investigated as a potential target for therapy.

Introduction

Esophageal squamous cell carcinoma (ESCC) is a malignant 
tumor belonging to the class of gastrointestinal carcinomas. 
Patients with ESCC have a poor prognosis despite intensive 
multimodality therapy such as surgery, radiation and chemo-
therapy. Almost 400,000 new cases of esophageal cancer are 
diagnosed annually worldwide, making it the eighth most 
common cancer and the sixth most common cause of cancer-
related mortality (1). To improve patient survival, it is important 
to identify those relevant biomarkers in ESCC that are associ-
ated with adverse prognosis and to modify the therapeutic 
strategy for those patients accordingly. In the present study, 
expression of CD44v6 was assessed in the primary lesions of 
ESCC to elucidate its significance in clinical prognosis.

CD44 is a transmembrane glycoprotein involved in cell-
cell and cell-extracellular matrix interactions, and whose role 
is to maintain cellular adhesion (2,3). CD44 is encoded by a 
single gene on chromosome 11p13, but actually represents a 
polymorphic group of transmembrane glycoproteins due to 
extensive alternative splicing and post-translational modifi-
cations (4). The human gene is composed of 20 exons, 10 of 
which (exons 1-5 and 16-20) are included in CD44 standard 
form (CD44s). CD44s is the smallest and most abundant 
member of this polymorphic and monogenic family of 
proteins. The remaining exons (exons 6-15) can be differen-
tially inserted into the mature mRNA via alternative splicing 
and may give rise to hundreds of protein variants (5).

Overexpression of a number of CD44 variant isoforms 
was associated with tumor progression, suggesting that these 
CD44 isoforms have unique signaling properties (6-8). In 
colon cancer, CD44v3 was shown to promote invasion and 
resistance to apoptosis, while CD44v6 was associated with 
metastasis and decreased disease-free survival (6,7,9). In 
lung cancer, preferential CD44 variant expression occurs in 
squamous cell and bronchoalveolar carcinoma, where v5 and 
v6 variants appear to promote metastasis (8,10). Numerous 
reports showed that CD44 variants promote breast cancer 
progression, including the association of CD44v3-containing 
isoforms and breast cancer metastasis (6,11). The significance 
of CD44 variants in ESCC was discussed in previous investi-
gations (2,12-14).
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This study aimed to elucidate the clinicopathological 
significance of CD44v6 overexpression in ESCC.

Materials and methods

Patients and tissue samples. Samples were obtained from 
63 patients with primary ESCCs. The patients had undergone 
radical esophagectomy without any pre-operative induction  
therapy at the Department of Surgery II, Nagoya City 
University Medical School, between 1997 and 2004. The study 
design was approved by the institutional review board of our 
university and written consent was obtained from all patients. 
Tumors were classified according to the guidelines for clinical 
and pathological studies on carcinoma of the esophagus estab-
lished by the Japanese Society for Esophageal Diseases. Tissue 
specimens were collected from 51 males and 12 females, with a 
mean age of 63.5±8.3 years (range 46-78) (Table I). Tissues for 
immunohistochemistry were fixed in formalin and embedded 
in paraffin.

Immunohistochemistry. Immunohistochemical staining was 
performed on formalin-fixed, paraffin-embedded ESCC 
tissues. Paraffin-embedded tumor sections were deparaf-
finized, rehydrated, heat-treated by microwaving in 10 mM 
citrate buffer for 15 min for antigen retrieval and cooled to 
room temperature. Sections were then treated with 0.3% H2O2 
in methanol for 30 min to neutralize endogenous peroxidases, 
blocked with non-specific goat serum for 10 min and incubated 
with the primary monoclonal antibodies for CD44v6 (1:200; 
Serotec, UK) and CD44s (1:500; Enzo, Miami, FL, USA) over-
night at 4˚C. Immunoreactive protein was detected with a Dako 
Envision™ + System, HRP (DAB), and the sections were then 
counterstained with hematoxylin.

The immunostaining of CD44v6 and CD44s was subjec-
tively assessed by two independent investigators (M.S. and 
H.I.) using light microscopy. The CD44v6-positive cells were 
counted and the positive expression was classified as: low-
expression group with positive cells <50% and high-expression 
group with positive cells >50%.

Statistical analysis. Statistical analysis was performed using 
the Stat-View software package (Abacus Concepts, Berkeley, 
CA, USA). The Chi-square test was used to analyze the 
association between the immunohistochemical analysis and 
the clinical histopathological parameters of the patients. The 
survival of ESCC patients following surgery was assessed 
using the Kaplan-Meier method and survival times were 
compared using the log-rank test. The data are expressed as 
the mean ± SD. Multivariate analysis was performed using 
the Cox regression model and logistic multivariate regression 
model. In all analyses, p<0.05 was considered to be statisti-
cally significant.

Results

The frequency of CD44v6 expression was 90.5% (57/63). 
Representative cases of immunostaining are shown in Fig. 1. 
The CD44v6 high-expression group comprised 55.6% (n=35) 
of the patients and the low expression group included 44.4%  
of the patients (n=28). CD44v6 was observed only in epithelial  

and tumor cells. By contrast, CD44s was not solely expressed 
in epithelial and tumor cells in ESCCs. CD44s was also 
strongly present in lymphocytic cells and was loosely stained 
in the interstitium. Therefore, we could not evaluate the immu-
nohistochemical expression for CD44s in the same manner. 
CD44v6 and CD44s staining was shown directly in consecu-
tive serial sections of the same samples (Fig. 2).

The correlation between immunostaining for CD44v6 
and the clinicopathological characteristics of the patients are 
shown in Table I. No significant correlation was observed 
between clinicopathological characteristics such as age, 
gender, T factor, N factor, stage, lymphatic invasion, venous 
invasion and differentiation, and the immunohistochemical 
expression of CD44v6 (Table I).

Table I. Relationship between the clinicopathological charac-
teristics and immunostaining for CD44v6.

 CD44v6 expression
 ---------------------------------
  High Low
 Total (n=35) (n=28) p-value

Gender
  Male 51 27 24
  Female 12   8   4 0.3893
Age
  <65 35 22 13
  ≥65 28 13 15 0.1922
T factor
  T1 21 11 10
  T2 10   5   5
  T3 21 12   9
  T4 11   7   4 0.9138
  T1 21 11 10
  T2-4 42 24 18 0.7199
N factor
  Negative 20 10 10
  Positive 43 25 18 0.5450
Stage
  0   6   2   4
  I 11   6   5
  II 13    7   6
  III 16    9   7
  IV 17  11   6 0.7726
  0-I 17   8   9
  II-IV 46  27 19 0.4093
Lymphatic invasion
  Negative 19   9 10
  Positive 44  26 18  0.3901
Vein invasion
  Negative 28 16 12
  Positive 35 19 16 0.8206
Differentiation
  Well 18  10   8
  Moderate 40  24 16
  Poor   5   1   4 0.2369
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We subsequently investigated the correlation between 
immunostaining for CD44v6 and survival in ESCC patients 
after surgery (median follow-up, 28 months). The patients in 
the CD44v6 high-expression group had a significantly shorter 
survival following surgery than patients whose expression was 
low (p=0.0301, log-rank test) (Fig. 3). Moreover, favorable 
outcomes were noted for the clinicopathological characteristics 
of 6 patients whose expression of CD44v6 was not detected, 
(Table II).

Univariate analysis revealed that among the clinicopatho-
logical factors, tumor status [risk ratio (RR)=9.346; p=0.0025], 
lymph node status (RR=6.211; p=0.0001), lymphatic invasion 
(RR=6.623; p=0.0105), venous invasion (RR=2.809; p=0.0209) 
and CD44v6 expression (RR=2.491; p=0.0410) were all statisti-
cally significant prognostic factors (Table III).

Multivariate analysis revealed that CD44v6 overexpres-
sion (RR=2.793; p=0.0301) as well as tumor status (RR=9.259; 
p=0.0275) and lymph node status (RR=4.785; p=0.0023) were 
factors independently associated with an unfavorable prog-
nosis of patients with ESCC (Table IV). 

Discussion

The present study aimed to determine the clinicopathological 
significance of CD44v6 expression in ESCC. In this study, 
three main findings were noted. First, CD44v6 was expressed 
at a high frequency in patients with ESCC. Of the 63 ESCC 
cases, positivity for CD44v6 was observed in 57 cases (90.5%) 
(Table I). Second, the survival of patients whose expression 
of CD44v6 was high was significantly less favorable than 
that of patients whose expression was low (p=0.0301; Fig. 3). 
Third, immunohistochemical overexpression of CD44v6 was 
an independent prognostic indicator of patients with ESCC 
(Table III).

The first major finding involving CD44 in the metastatic 
process was the identification of a CD44 variant isoform 
containing exons v4-v7 in a highly metastasizing rat pancre-
atic carcinoma cell line (BSp73ASML). Transfection of 
this specific variant into related BSp73AS cells that did not 
metastasize conferred metastatic potential to those cells 
upon injection into syngeneic rats (15). Moreover, a CD44 
exon v6-specific antibody blocked the metastatic propen-
sity of these cells. When animals injected with metastatic 
BSpASv4-v7 cells were treated with anti-CD44v6 antibody, 
lymph node and lung metastases were blocked (16). Since 
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Figure 1. Representative immunostaining of CD44v6 in ESCC. (A) Positive 
for CD44v6 expression. (B) Negative for CD44v6 expression (original mag-
nification, x100).

Figure 2. Comparative expression of CD44v6 and CD44s in ESCC. 
Carcinoma cells were positive for CD44v6 (A and C) and CD44s (B and D). 
CD44s was observed, not only in CD44s tumor cells, but also in lymphocytic 
cells and the interstitium (B and D). Cell nuclei were stained with hema-
toxylin (blue). Original magnification, x100.
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  B
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  D
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these findings, CD44v6 has attracted increasing interest 
and investigations are currently underway regarding the 
physiological significance of CD44v6 as a prognostic factor 
for tumor progression. The exact role that CD44v6 plays in 
ESCC has yet to be elucidated, but has become an area of 
active study.

In previous studies, high expression frequencies exceeding 
90% have been found in squamous cell carcinomas (SCCs) 
derived from head and neck, esophagus, skin and lung (10, 
17-20). Our studies are in agreement with those results. In addi-
tion to CD44v6, CD44s was expressed in epithelial and tumor 
cells in ESCCs at high frequencies. CD44s stained strongly in 

lymphocytic cells and was loosely stained in the stroma. On 
the other hand, CD44v6 was expressed only in carcinoma and 
non-cancerous epithelial cells. Therefore, CD44v6 appears 

Figure 3. Overall survival rate of patients with ESCC according to CD44v6 
immunostaining. Patients with overexpression of CD44v6 had a significantly 
shorter survival after surgery than patients with a low expression of CD44v6 
(p=0.0327).

Table II. Clinicopathological characteristics of 6 patients.

Patient Gender Age T factor N factor  Stage Lympatic Vein Differrentiation Follow-up Outcome
      invasion invasion  (months)

1 Male 50 T3 n2 Ⅲ  + + Poor 60 Alive
2 Male 74 T1 n1 Ⅱ  + + Well 30 Dead
3 Male 67 T1 n0 0 - - Moderate 44 Alive
4 Female 57 T3 n1 Ⅲ  + + Well 59 Alive
5 Male 62 T1 n0 0 - - Moderate 58 Alive
6  Male 72 T1 n0 Ⅰ  + - Moderate 55 Alive

Table III. Univariate analysis.

Characteristics Risk ratio 95% CI p-value

Age at surgery
  <65 1
  ≥65 0.915 0.415-2.018 0.8261
Gender
  Female 1
  Male 0.872 0.326-2.331 0.7843
Histological grade
  Well 1
  Moderately/poorly 0.642 0.288-1.431 0.2784
Tumor status
  T1 1
  T2-4 9.346 2.193-40.000 0.0025
Lymph node status
  n0-1 1
  n2-4 6.211 2.222-15.625 0.0001
Lymphatic invasion
  Negative 1
  Positive 6.623 1.558-28.571 0.0105
Vein invasion
  Negative 1
  Positive 2.809 1.170-6.757 0.0209
CD44v6 expression
  Low 1
  High 2.491 1.038-5.975 0.0410

CI, confidence interval.

Table IV. Multivariate analysis.

Parameter Risk ratio 95% CI p-value

Tumor status
  T1 1
  T2-4 9.259   1.279-66.667 0.0275
Lymph node status
  n0-1 1
  n2-4 4.785   1.748-13.158 0.0023
Lymphatic invasion
  Negative 1
  Positive 0.369 0.038-3.559 0.3880
Vein invasion
  Negative 1
  Positive 2.037 0.718-5.780 0.1809
CD44v6 expression
  Low 1
  High 2.793 1.104-7.066 0.0301

CI, confidence interval.
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to be an ideal target antigen for the majority of SCCs. This 
frequent and homogeneous expression of CD44v6 renders SCC 
a suitable target for therapeutic approaches using CD44v6-
specific antibodies.

There has been some controversy regarding the relation-
ship of CD44v6 to the prognoses of various malignancies. 
It was previously reported that overexpression of CD44v6 
is associated with metastasis of prostate cancer (21) and the 
prognosis of thymic epithelial neoplasms (22). In breast cancer, 
Kaufmann et al proposed that CD44v6 is a good marker for 
prognosis independent of progesterone receptor, lymph node 
status, tumor size and grade (23). By contrast, it has been 
suggested that CD44v6 is negatively associated with the 
progression of various malignancies. Lipponen et al studied 
173 patients with bladder tumors and found that those with 
negative CD44v6 immunoreactivity had poorer prognoses 
(24). We showed the survival rates of ESCC patients with 
overexpression of CD44v6 to be markedly worse and that 
CD44v6 expression was a significant independent prognostic 
factor for patients with ESCC. Notably, in 6 patients lacking 
CD44v6 expression, favorable outcomes were found for their 
clinicopathological characteristics (Table II). These results 
suggest that ESCC patients lacking CD44v6 expression have 
more favorable prognoses, even when disease is advanced. 
CD44v6 is potentially a co-receptor for c-Met and VEGFR-2 
(28,29). Further studies are required in order to clarify the role 
of CD44v6 protein in ESCC.

CD44v6 is a good prognostic marker and a suitable target 
for anticancer therapy for ESCC patients. Consequently, 
patients suffering from head and neck squamous cell carci-
noma have entered phase I clinical trials utilizing CD44v6 
antibodies that were either radiolabeled or covalently linked to 
a toxin (25,26). Although the phase I clinical trials appeared to 
be promising, 1 patient developed toxic epidermal necrolysis 
and succumbed to the disease. For this reason, the development 
of this drug has been terminated (27). Despite the termination 
of the trials, CD44v6 remains a valid target for anticancer 
therapy. Alternative strategies targeting CD44v6 functions 
have been presented.

In conclusion, overexpression of CD44v6 is an indepen-
dent prognostic indicator for patients with ESCC. CD44v6 
may be used as a prognostic marker for various malignancies, 
including ESCC. Although the precise molecular mechanism 
of up-regulated CD44v6 expression has yet to be clarified, our 
data have clearly indicated that CD44v6 may be a favorable 
candidate as a prognostic marker as well as a molecular target 
for the development of an effective therapeutic reagent for 
patients with esophageal cancer.
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