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Introduction

Gastric cancer is the third most common cause of cancer 

deaths, both worldwide and in Korea [1,2]. Human gastric car-

cinogenesis involves various gene alterations such as oncogenes, 

tumor-suppressor genes, cell-cycle regulators, cell adhesion 

molecules, and DNA repair genes [3]. Cancer stem cells (CSCs) 

are defined as focal clusters of cells within a tumor that pos-

sess the capacity for self-renewal and differentiation into phe-

notypically heterogeneous cells [4]. CSCs are more resistant to 

conventional chemotherapy or radiotherapy and are involved in 

relapse and metastasis [5]. Although conventional chemotherapy 
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for gastric cancer has improved, many patients still suffer from 

either a recurrence after cancer treatments or resistance to che-

motherapy [6]. According to the CSC hypothesis, cancer re-

lapse may be due to the presence of quiescent CSCs [5]. When 

conventional cancer treatments fail, CSCs are considered as a 

novel therapeutic target for tumors [7]. Therefore, finding ways 

to identify CSCs is a necessary starting point in making CSCs a 

therapeutic target in cancer therapy including gastric cancer.

Numerous genes, including the villin promoter, leucine-

rich repeat-containing G-protein coupled receptor 5, cluster 

of differentiation 44 (CD44), and cluster of differentiation 133 

(CD133), are known to be gastric stem cell markers, and of 

these, CD44 and CD133 are known to be strongly expressed in 

gastric cancer [7,8]. CD44 is a type I transmembrane protein 

and a primary adhesion molecule for hyaluronate, which is a 

component of the extracellular matrix [9]. CD44 is also involved 

in cell growth, differentiation, survival, and migration and allows 

cells to form colonies as a cell surface receptor for hyaluronate 

[9]. CD44 is considered to be one of the gastric CSC markers. 

Takaishi et al.[10] observed tumor formation after transplanting 

CD44-positive gastric cancer cells on the skin of severe com-

bined immunodeficiency mice. Also, when confirming that the 

CD44-positive gastric cancer cells produced spheroid colonies, 

they found that gastric cancer initiating cells were present in the 

CD44 population and reported the first CSCs in gastric cancer 

using CD44 as a cell surface marker [10].

The stomach is anatomically divided into the cardia, fundus, 

corpus, and antrum. Cardial carcinoma has been reported to 

have different clinicopathologic features from noncardial carci-

noma [11,12]. Intestinal-type gastric carcinogenesis progresses 

from intestinal metaplasia to carcinoma [13], and the precancer-

ous intestinal metaplasia typically progresses from the antrum 

to the corpus [14]. Based on this, it can be assumed that the 

expression of CSC markers may be different between the an-

trum and corpus in noncardial carcinoma. Therefore, we aimed 

to evaluate how the expression of CD44 varies according to the 

clinicopathologic characteristics, in particular regarding the dif-

ferentiation and location of gastric cancer. Also, we investigated 

the association between CD44 expression and the prognosis of 

gastric cancer patients. 

Methods

1. Study subjects

The patients included in this study were selected from the 

data of a previous study that analyzed the clinicopathologic 

characteristics and prognosis of signet ring cell carcinoma [15]. 

The process of selecting patients is shown in Fig. 1. The records 

of 771 patients who underwent curative or palliative gastrectomy 

due to gastric cancer at Ewha Womans University Mokdong 

Hospital from May 1998 to December 2009 were retrospectively 

reviewed. Forty-eight patients with gastric cancer located in the 

cardia (n=34), fundus (n=6), or whole stomach (n=11) were 

excluded from this study to analyze the difference in CD44 ex-

pression between the antrum and corpus. Of the remaining 723 

patients, the tumor was located in the antrum in 427 patients 

771 Patients with gastric cancer
(underwent gastrectomy between
May 1998 to December 2009)

157 Patients were selected maintaining sex ratio (1.7:1) and
same ratio according to tumor location (antrum: corpus=1:1)
and differentiation of tumor (WD/MD:PD/UD:SRC=1:1:1)

Excluded 48 patients of
cardia, fundus and whole stomach
gastric cancer through reviewing
pathologic gross finding

Excluded 14 patients cause
not able to be stained with
CD44 antibody

Finally 143 patients included

723 Patients with gastric cancer
at antrum & corpus

Fig. 1. Flow chart of patient selection for 
this study. WD, well differentiated; MD, 
moderately differentiated; PD, poorly dif-
ferentiated; UD, undifferentiated; SRC, 
signet ring cell carcinoma.
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and in the corpus in 296 patients. Of this group, 157 patients 

were randomly selected with the same sex ratio as the entire 

group and with an equal division based on tumor location (an-

trum vs. corpus) and degree of differentiation (well and mod-

erately differentiated vs. poorly and un-differentiated vs. signet 

ring cell carcinoma). Fourteen patients were excluded because 

their specimens were not able to be stained with CD44 antibody 

due to technical difficulties. Finally, 143 patients were analyzed 

in this study. Patients were followed up until either death or the 

cutoff date of December 31, 2012. Additionally, the previously 

reported pathologic results were retrospectively reviewed. 

The clinical data included age, sex, tumor location (antrum 

or corpus), CEA level (normal range, 0 to 5 ng/mL), CA19-

9 level (normal range, 0 to 27 U/mL), date of operation, date 

of recurrence, date of death, cause of death, and purpose of 

operation. Recurrence was defined as evidence of either a local 

recurrence or distant metastasis based on radiologic findings and 

medical records after curative surgery. The pathologic data in-

cluded a classification as either early gastric cancer or advanced 

gastric cancer, World Health Organization (WHO) histological 

classification, histologic grade of the tumor, Lauren classifica-

tion, venous invasion, perineural invasion, lymphatic invasion, 

and TNM stage. Early gastric cancer was defined as carcinoma 

limited to the mucosa and/or submucosa regardless of lymph 

node metastasis [16]. Gastric cancer was classified as either 

tubular adenocarcinoma, papillary adenocarcinoma, mucinous 

adenocarcinoma, or signet ring cell carcinoma according to the 

WHO histological classification, and tubular adenocarcinoma 

was further classified as either well-differentiated, moderately 

differentiated, or poorly differentiated [17]. The Lauren clas-

sification identified the gastric cancer as either intestinal type, 

diffuse type, or mixed type [18]. The TNM stage was classified 

according to the 7th edition of the American Joint Committee 

on Cancer/International Union Against Cancer TNM staging 

system [19]. The depth of the tumor (T stage) was classified 

as either Tis, T1, T2, T3, or T4; lymph node metastasis (N 

stage) as either N0, N1, or N2; and distant metastasis (M 

stage) as either M0 or M1. This study was approved by the in-

stitutional review board of Ewha Womans University Mokdong 

Hospital (2014-09-010-003).

2. Immunohistochemical staining and scoring of CD44

Tissues were cut in serial sections (3.5‑μm thickness), fixed 

in 10% formalin, embedded in paraffin, and stained using stan-

dard histological methods. For each tissue sample, one slide 

was stained with hematoxylin-eosin, and immunohistochemi-

Fig. 2. Intensity of CD44 immunohis-
tochemical staining for gastric cancer 
(×200). (A) 0, no staining; (B) 1, weak 
staining; (C) 2, moderate staining; and (D) 
3, strong staining.

A

C

B

D
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cal staining of CD44 was performed on the remaining sections 

using standard procedures. An antigen retrieval process was 

performed with hydrocitrate buffer at pH 6.0, and the sections 

were incubated with an anti-CD44 monoclonal antibody (1:100 

dilution; SC-7297, Santa Cruz Biotechnology, Santa Cruz, CA, 

USA) at 37oC for 15 minutes.

The stained slides were evaluated by one pathologist who was 

blinded as to the patients’ information. At ×200 magnification, 

three hot spots, defined as the most highly stained areas, were 

identified. Expression of CD44 was measured using intensity 

and proportion in the semi-quantitative method [20,21]. First, 

intensity was represented as either 0 (no staining), 1 (weak 

staining), 2 (moderate staining), or 3 (strong staining). A 

sample of the scoring intensity is shown in Fig. 2. The overall 

intensity score was calculated as the mean value of the three 

measured points. Second, the proportion was determined as 

the percentage of stained cells in the observed areas and scored 

Table 1. Baseline clinicopathologic characteristics of patients with 
gastric cancer

Characteristics All cases (n=143)

Clinical 
characteristics

Mean age (yr) 60.7±12.9 (27–84)

Sex

   Male 91 (63.6)

   Female 52 (36.4)

Tumor location

   Antrum 74 (51.7)

   Corpus 69 (48.3)

Median overall survival (mo) 45 (0–155)

Died patient 66 (46.2)

Cause of death

   Gastric cancer 47 (32.9)

   Hepatocellular carcinoma 5 (3.5)

   Liver cirrhosis 2 (1.4)

   Cardiologic disease 2 (1.4)

   End stage renal disease 1 (0.7)

   Pneumonia 1 (0.7)

   Another cancer 1 (0.7)

   Could not identify cause 7 (4.9)

Purpose of operation

   Curative 117 (81.8)

   Palliative 26 (18.2)

Recurrent patient 21 (14.7)

CEA (n=130)

   ≤5 115 (88.5)

   >5 15 (11.5)

CA19-9 (n=124)

   ≤27 104 (83.9)

   >27 20 (16.1)

Pathologic 
characteristics

Early gastric cancer 58 (40.6)

Advanced gastric cancer 85 (59.4)

WHO classification

   Tubular adenocarcinoma 90 (62.9)

     Well differentiated 18 (12.6)

     Moderate differentiated 34 (23.8)

     Poorly differentiated 38 (26.6)

   Papillary adenocarcinoma 1 (0.7)

   Mucinous adenocarcinoma 9 (6.3)

   Signet ring cell carcinoma 43 (30.1)

Table 1. Continued

Characteristics All cases (n=143)
Lauren classification

   Intestinal 68 (47.6)

   Diffuse & mixed 75 (52.4)

Vascular invasion (n=140)

   No 108 (77.1)

   Yes 32 (22.9)

Lymphatic invasion

   No 80 (55.9)

   Yes 63 (44.1)

Perineural invasion (n=140)

   No 99 (70.7)

   Yes 41 (29.3)

T stage

   Tis, T1 55 (38.5)

   T2, T3, T4 88 (61.5)

N stage

   N0 66 (46.2)

   N1, N2, N3 77 (53.8)

M stage

   M0 131 (91.6)

   M1 12 (8.4)

Values are presented as mean±SD (range) or number (%).
WHO, World Health Organization.
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from 0% to 100% in 5% increments. The average proportion 

measured in the three hot spots was calculated and categorized 

as either 0 (0% positive cells), 1 (1% to 25% positive cells), 2 

(26% to 75% positive cells), or 3 (>75% positive cells). Based 

on a previous study on evaluating immunohistochemistry, each 

intensity and proportion score was added to obtain the final 

score [22]. A final score of 2 or less was deemed ‘CD44-

negative’ and 3 or more as ‘CD44-positive.’

3. Statistical analysis

To analyze the relationships between CD44 expression and clin-

icopathologic features, Pearson’s chi-square test and Fisher’s exact 

test were used. The odds ratios (ORs) and corresponding 95% 

confidence intervals (CIs) of factors affecting CD44 expression 

were calculated from the coefficients in the logistic regression 

models. The overall survival was defined from the operation 

date to the date of death or the last follow-up date. The 5-year 

survival was evaluated from patients who were alive at 5 years 

after surgery. Disease-free survival was calculated for patients 

who either died or experienced a recurrence through the last 

follow-up date after curative surgery. Patients who died due to 

other causes were censored. The Kaplan-Meier method was 

used to analyze the overall, 5-year, and disease-free survival 

rates. Also, the differences between the curves were measured 

using the log-rank test. The hazard ratios (HRs) and 95% CIs 

Table 2. Association of CD44 expression with clinicopathologic 
characteristics in patients with gastric cancer

Clinical parameters
CD44 positive

(n=69)
CD44 negative

(n=74)
P-value

Age (yr) 0.003

   <60 21 (30.4) 41 (55.4)

   ≥60 48 (69.6) 33 (44.6)

Sex 0.077

   Male 49 (71.0) 42 (56.8)

   Female 20 (29.0) 32 (43.2)

Tumor location 0.442

   Antrum 38 (55.1) 36 (48.6)

   Corpus 31 (44.9) 38 (51.4)

Early gastric cancer 24 (34.8) 34 (45.9) 0.174

Advanced gastric 
cancer

45 (65.2) 40 (54.1)

WHO classification 0.061

Tubular 
adenocarcinoma

51 (73.9) 39 (52.7)

Papillary 
adenocarcinoma

0 (0.0) 1 (1.4)

Mucinous 
adenocarcinoma

3 (4.3) 6 (8.1)

Signet ring cell 
carcinoma

15 (21.7) 28 (37.8)

Lauren classification 0.038

   Intestinal 39 (56.5) 29 (39.2)

   Diffuse & mixed 30 (43.5) 45 (60.8)

Vascular invasion 
(n=140)

0.497

   No 50 (74.6) 58 (79.5)

   Yes 17 (25.4) 15 (20.5)

Lymphatic invasion 0.010

   No 31 (44.9) 49 (66.2)

   Yes 38 (55.1) 25 (33.8)

Perineural invasion 
(n=140)

0.104

   No 43 (64.2) 56 (76.7)

   Yes 24 (35.8) 17 (23.3)

T stage 0.224

   Tis, T1 23 (33.3) 32 (43.2)

   T2, T3, T4 46 (66.7) 42 (56.8)

Table 2. Continued

Clinical parameters
CD44 positive

(n=69)
CD44 negative

(n=74)
P-value

N stage 0.022

   N0 25 (36.2) 41 (55.4)

   N1, N2, N3 44 (63.8) 33 (44.6)

M stage 0.233

   M0 61 (88.4) 70 (94.6)

   M1 8 (11.6) 4 (5.4)

CEA (n=130) 0.787

   ≤5 60 (89.6) 55 (87.3)

   >5 7 (10.4) 8 (12.7)

CA19-9 (n=124) 0.810

   ≤27 56 (84.8) 48 (82.8)

   >27 10 (15.2) 10 (17.2)

Values are presented as number (%).
CD44, cluster of differentiation 44.



68 THE EWHA MEDICAL JOURNAL

Ryu MS, et al

of the factors affecting overall survival and disease-free survival 

were computed using the Cox regression model. All statistical 

procedures were performed using IBM SPSS Statistics ver. 20.0 

(IBM Corp., Armonk, NY, USA). P-values <0.05 were consid-

ered statistically significant.

Results

1. Baseline clinicopathologic characteristics of patients

The baseline clinicopathologic data of the study subjects are 

summarized in Table 1. The mean age of the study subjects 

was 60.7±12.9 years (range, 27 to 84 years), and 91 (63.6%) 

were male. The primary tumor was located in the antrum in 

74 patients (51.7%) and in the corpus in 69 patients (48.3%). 

The median overall survival was 45 months (range, 0 to 155 

months). Among the 66 patients who died during the follow-up 

period, 47 (71.2%) died of gastric cancer. One hundred seven-

teen patients (81.8%) received curative surgery, and 26 patients 

(18.2%) received palliative surgery. Recurrence of gastric cancer 

occurred in 21 patients (14.7%). The prevalence of advanced 

gastric cancer was 59.4%. Following WHO classification for 

histopathology of gastric cancer, tubular adenocarcinoma was 

observed in 90 (62.9%) patients and signet ring cell carcinoma 

in 43 (30.1%) patients. According to the Lauren classification, 

intestinal, diffuse, and mixed type carcinoma was observed in 

68 (47.6%), 54 (37.8%), and 21 (14.7%) patients, respectively. 

Thirty-two patients (22.9%) had vascular invasion, 63 pa-

tients (44.1%) had lymphatic invasion, and 41 patients (29.3%) 

had perineural invasion. Among the patients with intestinal 

type, 67.6% (46/68) were older than 60 years, and 57.4% of 

those with diffuse type (31/54) were younger than 60 years 

(P=0.021). 

2. The association of CD44 expression with clinicopathologic 

factors

CD44 expression was analyzed to determine its association 

with various clinicopathologic factors (Table 2). In the univari-

ate analysis, CD44 expression was significantly higher in pa-

tients with age ≥60 years (vs. age <60 years, P=0.003), those 

with intestinal type (vs. diffuse and mixed type, P=0.038), 

those with the presence of lymphatic invasion (vs. no lymphatic 

invasion, P=0.010), and those with lymph node metastasis 

(P=0.022). CD44 expression was not statistically different be-

tween the antrum and corpus (P=0.442). When only patients 

with intestinal type gastric cancer were analyzed, there was no 

significant difference in CD44 expression between the antrum 

and corpus (P=0.468). Additionally, there was no difference 

in CD44 expression according to sex, pathologic classification, 

vascular invasion, perineural invasion, T or M stage, CEA level, 

or CA19-9 level.

In multivariate analysis adjusted for age, Lauren classifica-

tion, lymphatic invasion, and N stage (which were statistically 

significant in univariate analysis), older age (≥60 years) was 

independently associated with CD44 expression (adjusted OR, 

2.27; 95% CI, 1.09 to 4.70; P=0.028) (Table 3). 

3. Association between CD44 expression and prognosis

We carried out Kaplan-Meier analysis with log-rank tests to 

evaluate the association of clinicopathologic factors with prog-

nosis (overall, 5-year, and disease-free survival) in the study 

subjects. The associations between clinicopathologic factors 

and overall survival of gastric cancer patients are shown in Fig. 

3. High expression of CD44 was significantly correlated with 

poor overall survival (P=0.006) (Fig. 3H). Also, older age (≥

60 years), male gender, vascular invasion, lymphatic invasion, 

perineural invasion, and advanced TNM stage (TNM 2, 3, or 4) 

were associated with poor overall survival (P=0.003, P=0.017, 

P<0.001, P<0.001, P<0.001, and P<0.001, respectively) (Fig. 

3A-3G). The Lauren classification was not significantly associ-

Table 3. Independent risk factors associated with CD44 expression

Odds ratio (95% CI) P-value
Age 

   <60 1 (reference)

   ≥60 2.27 (1.09–4.70) 0.028

Lauren classification

   Diffuse & mixed type 1 (reference)

   Intestinal type 1.99 (0.96–4.09) 0.063

Lymphatic invasion

   No 1 (reference)

   Yes 2.09 (0.86–5.07) 0.104

N stage

   N0 1 (reference)

   N1, N2, N3 1.32 (0.54–3.24) 0.543

CI, confidence interval.
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ated with overall survival (P=0.953). In the multivariate analy-

sis using a Cox regression model, older age (≥60 years) (HR, 

2.15; 95% CI, 1.21 to 3.82; P=0.009), male gender (HR, 

1.88; 95% CI, 1.04 to 3.41; P=0.038), and lymphatic invasion 

(HR, 3.11; 95% CI, 1.46 to 6.64; P=0.003) were independent 

predictors for poor overall survival (Table 4). However, CD44 

expression was not associated with poor overall survival in the 

multivariate analysis (P=0.735). 

Kaplan-Meier analysis of 5-year survival revealed that 

older age (≥60 years), male gender, vascular invasion, lym-

phatic invasion, perineural invasion, advanced TNM stage, and 

CD44 expression were associated with poor 5-year survival 

Fig. 3. Clinicopathologic factors associated with overall survival. (A) Age, (B) sex, (C) Lauren classification, (D) vascular invasion, (E) lymphatic 
invasion, (F) perineural invasion, (G) TNM stage, and (H) CD44 expression.
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(P=0.004, P=0.035, P<0.001, P<0.001, P<0.001, P<0.001, 

and P=0.006, respectively) (Fig. 4). The Lauren classification 

were not related with 5-year survival (P=0.802). The multi-

variate analysis using a Cox regression model showed that older 

age (≥60 years) (HR, 2.06; 95% CI, 1.15 to 3.71; P=0.016) 

and lymphatic invasion (HR, 3.22; 95% CI, 1.47 to 7.05; 

P=0.004) were significantly correlated with poor 5-year sur-

vival (Table 4).

Older age (≥60 years), vascular invasion, lymphatic invasion, 

perineural invasion, advanced TNM stage, and CD44 expres-

sion were factors associated with poor disease-free survival 

in the Kaplan-Meier analysis (P=0.019, P=0.002, P<0.001, 

P<0.001, P<0.001, and P=0.043, respectively) (Fig. 5). Sex 

and Lauren classification were not related with disease-free sur-

vival (P=0.235 and P=0.842, respectively). In the multivariate 

analysis using a Cox regression model, only lymphatic invasion 

was identified as an independent factor of poor disease-free 

survival (HR, 4.60; 95% CI, 1.68 to 12.59; P=0.003) (Table 

4).

Discussion

This study evaluated the difference in CD44 expression ac-

cording to clinicopathologic characteristics in gastric cancer pa-

tients who underwent gastrectomy and the relationship between 

the expression of CD44 and prognosis after surgery. CD44 

expression was significantly higher in patients with age ≥60 

years, intestinal type gastric cancer, presence of lymphatic inva-

sion, or lymph node metastasis. Interestingly, in the multivariate 

analysis, older age was the only independent factor associated 

with CD44 expression. It is difficult to completely explain this 

result; however, intestinal type gastric cancer was significantly 

more frequent in older patients (≥60 years) (P=0.021) in our 

study, which may have had an influence on the association of 

CD44 expression with old age. Gastric atrophy and intestinal 

metaplasia progress with age, and intestinal type gastric cancer 

is known to follow the intestinal metaplasia to adenoma to car-

cinoma sequence [13]. In addition, Dhingra et al. [21] suggested 

that CSCs might play an important role in intestinal type gas-

tric carcinogenesis through CD44 and nestin, one of the CSC 

markers, which were increased in intestinal metaplasia. Khurana 

et al. [23] showed that CD44 regulates the rate of proliferation 

of gastric epithelial stem cells through STAT3. ERK signal-

ing, which is an upstream regulator of STAT3, is increased in 

regions of intestinal metaplasia, indicating that CD44 is a sig-

nificant marker in intestinal metaplasia [23]. Our results are in 

accordance with previous studies. Ghaffarzadehgan et al. [24] 

reported that CD44 positivity was higher in intestinal type than 

in diffuse type gastric cancer through CD44 antibody immunos-

taining in 100 patients who underwent total or subtotal gastrec-

tomy due to gastric adenocarcinoma (71% vs. 42%, P=0.002). 

In a meta-analysis of 4,729 patients enrolled in a total of 26 

studies utilizing CD44 immunostaining for gastric cancer tissue, 

CD44 expression was related with intestinal type gastric cancer 

[25]. 

Table 4. Clinical factors associated with prognosis 

Hazard ratio (95% CI) P-value
Overall survival

   Age ≥60 yr 2.15 (1.21–3.82) 0.009

   Male 1.88 (1.04–3.41) 0.038

   Diffuse & mixed type 0.86 (0.50–1.49) 0.597

   Vascular invasion 1.41 (0.73–2.74) 0.308

   Lymphatic invasion 3.11 (1.46–6.64) 0.003

   Perineural invasion 1.83 (0.94–3.58) 0.078

   TNM stage 2,3,4 0.95 (0.44–2.06) 0.892

   CD44 expression 1.10 (0.64–1.88) 0.735

5-Year survival

   Age ≥60 yr 2.06 (1.15–3.71) 0.016

   Male 1.66 (0.90–3.07) 0.102

   Diffuse & mixed type 0.77 (0.44–1.34) 0.353

   Vascular invasion 1.39 (0.72–2.71) 0.327

   Lymphatic invasion 3.22 (1.47–7.05) 0.004

   Perineural invasion 1.88 (0.95–3.69) 0.069

   TNM stage 2,3,4 1.09 (0.47–2.48) 0.846

   CD44 expression 1.10 (0.63–1.92) 0.729

Disease-free survival

   Age ≥60 yr 1.92 (0.82–4.50) 0.132

   Male 1.61 (0.70–3.68) 0.260

   Diffuse & mixed type 0.85 (0.39–1.82) 0.668

   Vascular invasion 0.90 (0.67–2.21) 0.823

   Lymphatic invasion 4.60 (1.68–12.59) 0.003

   Perineural invasion 1.58 (0.65–3.82) 0.309

   TNM stage 2,3,4 1.87 (0.61–5.72) 0.271

   CD44 expression 1.16 (0.55–2.45) 0.693

CI, confidence interval; CD44, cluster of differentiation 44.
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With respect to the association of CD44 expression with 

lymph node metastasis, Okayama et al. [26] performed immu-

nostaining for 135 gastric adenocarcinoma patients to investigate 

the relationships between biomarkers, such as CD44 variant 

6 (CD44v6), cluster of differentiation 54, caudal-related ho-

meobox 2, and matrix metalloproteinase-7, and lymph node 

metastasis in gastric cancer. They found that CD44v6 and 

matrix metalloproteinase-7 expression was related with lymph 

node metastasis. Using CD44v6 immunohistochemical staining 

of specimens from 98 patients who underwent gastrectomy and 

systemic lymph node dissection due to gastric adenocarcinoma, 

CD44v6-positive gastric cancer was significantly associated 
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with lymph node metastasis, which is in agreement with our re-

sult [27]. One meta-analysis also showed that CD44 expression 

was related with stage, tumor size, and lymph node metastasis 

[28]. 

Moreover, this study showed that CD44 expression was sig-

nificantly associated with poor overall survival, 5-year survival, 

and disease-free survival in gastric cancer patients using the 

Kaplan-Meier method with a log-rank test. However, CD44 

expression was not identified as an independent factor of over-

all survival, 5-year survival, or disease-free survival in the 

multivariate analysis. In that analysis, age, sex, and lymphatic 

invasion were significant factors of overall survival. Age and 
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lymphatic invasion were independent factors of 5-year sur-

vival, and lymphatic invasion was the only independent factor 

of poor disease-free survival. In a study of 430 patients who 

underwent gastrectomy due to gastric adenocarcinoma, Jung et 

al. [29] showed that CD44 was an independent predictor of 

overall survival. In a meta-analysis of the associations between 

CD44-family proteins and clinicopathologic features of gastric 

cancer, standard CD44 expression was related to reduced over-

all survival, poor disease-free survival, lymph node metastasis, 

and distant metastasis [30]. Other studies have also shown 

that CD44 expression was an independent risk factor for poor 

outcome in patients with gastric cancer [31,32]. In the present 

study, although not significant in the multivariate analysis, CD44 

expression was associated with poor overall survival, 5-year 

survival, and disease-free survival in the univariate analysis. It 

is thought that CD44 expression is related to poor outcome in 

gastric cancer patients due to the characteristics of CSCs such 

as chemoresistance, increased tumorigenesis, and potential for 

metastasis [8]. 

There were some limitations in this study. First, the reliability 

of the scoring may have been low because only one patholo-

gist reviewed the slides. To overcome this, the positivity of the 

immunohistochemical staining was assessed in three hot spots 

per specimen. Also, to reduce intraobserver error, we calculated 

the average of the intensity and proportion scores. Second, the 

medical records of some patients were not available because of 

follow-up loss, and their prognosis was obtained from data reg-

istered at the National Cancer Center. Therefore, if the cause of 

death was not cancer, the exact cause of death was unknown. 

Third, it may be difficult to generalize the results of our study 

because the study subjects were limited to Koreans at a single 

center. Further studies are needed to determine whether CD44 

expression is associated with intestinal metaplasia and adenoma 

prior to intestinal type gastric cancer.

In conclusion, older age (≥60 years) was independently asso-

ciated with CD44 expression in gastric cancer patients. In addi-

tion, CD44 expression is predictive of poor prognosis in gastric 

cancer.

Acknowledgments

This study was supported by intramural research promotion 

grants from Ewha Womans University College of Medicine and 

was supported by the National Research Foundation of Korea 

(NRF) grant funded by the Korea government (MSIT) (2010-

0027945).

References

 1. Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo 
M, et al. Cancer incidence and mortality worldwide: sources, 
methods and major patterns in GLOBOCAN 2012. Int J Cancer 
2015;136:E359-E386.

 2. Jung KW, Won YJ, Kong HJ, Oh CM, Cho H, Lee DH, et al. Cancer 
statistics in Korea: incidence, mortality, survival, and prevalence 
in 2012. Cancer Res Treat 2015;47:127-141.

 3. Yasui W, Yokozaki H, Fujimoto J, Naka K, Kuniyasu H, Tahara E. 
Genetic and epigenetic alterations in multistep carcinogenesis 
of the stomach. J Gastroenterol 2000;35 Suppl 12:111-115.

 4. Clarke MF, Dick JE, Dirks PB, Eaves CJ, Jamieson CH, Jones DL, 
et al. Cancer stem cells: perspectives on current status and fu-
ture directions: AACR Workshop on cancer stem cells. Cancer 
Res 2006;66:9339-9344.

 5. Zhao Y, Feng F, Zhou YN. Stem cells in gastric cancer. World J 
Gastroenterol 2015;21:112-123.

 6. Gomceli I, Demiriz B, Tez M. Gastric carcinogenesis. World J 
Gastroenterol 2012;18:5164-5170. 

 7. Singh SR. Gastric cancer stem cells: a novel therapeutic target. 
Cancer Lett 2013;338:110-119.

 8. Brungs D, Aghmesheh M, Vine KL, Becker TM, Carolan MG, 
Ranson M. Gastric cancer stem cells: evidence, potential mark-
ers, and clinical implications. J Gastroenterol 2016;51:313-326. 

 9. Nagano O, Saya H. Mechanism and biological significance of 
CD44 cleavage. Cancer Sci 2004;95:930-935.

 10. Takaishi S, Okumura T, Tu S, Wang SS, Shibata W, Vigneshwaran 
R, et al. Identification of gastric cancer stem cells using the cell 
surface marker CD44. Stem Cells 2009;27:1006-1020.

 11. Ichikura T, Ogawa T, Kawabata T, Chochi K, Sugasawa H, Mo-
chizuki H. Is adenocarcinoma of the gastric cardia a distinct 
entity independent of subcardial carcinoma? World J Surg 
2003;27:334-338.

 12. Kim MA, Lee HS, Yang HK, Kim WH. Clinicopathologic and pro-
tein expression differences between cardia carcinoma and non-
cardia carcinoma of the stomach. Cancer 2005;103:1439-1446. 

 13. Correa P. Human gastric carcinogenesis: a multistep and 
multifactorial process: first American Cancer Society Award 
Lecture on Cancer Epidemiology and Prevention. Cancer Res 
1992;52:6735-6740.

 14. Kimura K, Yoshida Y, Taniguchi Y, Ido K, Takemoto T. Chrono-
logical extension of atrophic gastritis and intestinal metaplasia 
in normal Japanese. Eur J Gastroenterol Hepatol 1993;5:85-91.

 15. Kwon KJ, Shim KN, Song EM, Choi JY, Kim SE, Jung HK, et al. 
Clinicopathological characteristics and prognosis of signet ring 
cell carcinoma of the stomach. Gastric Cancer 2014;17:43-53. 

 16. Hamilton SR, Aaltonen LA. Pathology and genetics of tumours 



74 THE EWHA MEDICAL JOURNAL

Ryu MS, et al

of the digestive system. Lyon: International Agency for Research 
on Cancer; 2000.

 17. Lopez-Carrillo L, Vega-Ramos B, Costa-Dias R, Rascon-Pacheco 
RA. Histological types of gastric cancer in Mexico. Int J Epide-
miol 1997;26:1166-1171.

 18. Lauren P. The two histological main types of gastric carcinoma: 
diffuse and so-called intestinal-type carcinoma. An attempt 
at a histo-clinical classification. Acta Pathol Microbiol Scand 
1965;64:31-49. 

 19. Washington K. 7th edition of the AJCC cancer staging manual: 
stomach. Ann Surg Oncol 2010;17:3077-3079. 

 20. van Diest PJ, van Dam P, Henzen-Logmans SC, Berns E, van 
der Burg ME, Green J, et al. A scoring system for immunohisto-
chemical staining: consensus report of the task force for basic 
research of the EORTC-GCCG. European Organization for Re-
search and Treatment of Cancer-Gynaecological Cancer Coop-
erative Group. J Clin Pathol 1997;50:801-804. 

 21. Dhingra S, Feng W, Brown RE, Zhou Z, Khoury T, Zhang R, et 
al. Clinicopathologic significance of putative stem cell mark-
ers, CD44 and nestin, in gastric adenocarcinoma. Int J Clin Exp 
Pathol 2011;4:733-741. 

 22. Bu Z, Zheng Z, Zhang L, Li Z, Sun Y, Dong B, et al. LGR5 is a 
promising biomarker for patients with stage I and II gastric can-
cer. Chin J Cancer Res 2013;25:79-89.

 23. Khurana SS, Riehl TE, Moore BD, Fassan M, Rugge M, Romero-
Gallo J, et al. The hyaluronic acid receptor CD44 coordinates 
normal and metaplastic gastric epithelial progenitor cell prolif-
eration. J Biol Chem 2013;288:16085-16097.

 24. Ghaffarzadehgan K, Jafarzadeh M, Raziee HR, Sima HR, Esmaili-
Shandiz E, Hosseinnezhad H, et al. Expression of cell adhesion 
molecule CD44 in gastric adenocarcinoma and its prognostic 

importance. World J Gastroenterol 2008;14:6376-6381.
 25. Lu L, Wu M, Sun L, Li W, Fu W, Zhang X, et al. Clinicopathologi-

cal and prognostic significance of cancer stem cell markers 
CD44 and CD133 in patients with gastric cancer: A comprehen-
sive meta-analysis with 4729 patients involved. Medicine (Balti-
more) 2016;95:e5163.

 26. Okayama H, Kumamoto K, Saitou K, Hayase S, Kofunato Y, 
Sato Y, et al. CD44v6, MMP-7 and nuclear Cdx2 are significant 
biomarkers for prediction of lymph node metastasis in primary 
gastric cancer. Oncol Rep 2009;22:745-755.

 27. Kurozumi K, Nishida T, Nakao K, Nakahara M, Tsujimoto M. 
Expression of CD44 variant 6 and lymphatic invasion: impor-
tance to lymph node metastasis in gastric cancer. World J Surg 
1998;22:853-857.

 28. Wang W, Dong LP, Zhang N, Zhao CH. Role of cancer stem cell 
marker CD44 in gastric cancer: a meta-analysis. Int J Clin Exp 
Med 2014;7:5059-5066.

 29. Jung WY, Kang Y, Lee H, Mok YJ, Kim HK, Kim A, et al. Expres-
sion of moesin and CD44 is associated with poor prognosis in 
gastric adenocarcinoma. Histopathology 2013;63:474-481.

 30. Wu Y, Li Z, Zhang C, Yu K, Teng Z, Zheng G, et al. CD44 family 
proteins in gastric cancer: a meta-analysis and narrative review. 
Int J Clin Exp Med 2015;8:3595-3606.

 31. Chen S, Hou JH, Feng XY, Zhang XS, Zhou ZW, Yun JP, et al. 
Clinicopathologic significance of putative stem cell marker, 
CD44 and CD133, in human gastric carcinoma. J Surg Oncol 
2013;107:799-806.

 32. Wakamatsu Y, Sakamoto N, Oo HZ, Naito Y, Uraoka N, Anami K, 
et al. Expression of cancer stem cell markers ALDH1, CD44 and 
CD133 in primary tumor and lymph node metastasis of gastric 
cancer. Pathol Int 2012;62:112-119.


