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ABSTRACT 
Objectives: Gastric carcinoma (GC) is the fourth most common cause of cancer-related tumor deaths world-
wide. The prognostic significance of CD44, CD133 and human epidermal growth factor receptor 2 (HER2) 
expression in GC remains controversial. Therefore, we aimed to investigate the relationship of CD44, CD133 
and HER2 expression with clinicopathological features in metastatic and non-metastatic GC patients.  
Methods: A total of 139 patients with GC (68 with metastasis, 71 without metastasis) diagnosed were retro-
spectively analyzed. CD44 and CD133 expression were determined by immunohistochemical method in all 
cases. In addition, HER2 overexpression of the tumor was evaluated in patients with metastatic GC. 
Results: The CD133 positivity rate was 90.6% (n = 126) when all cases were considered, and that for CD44 
was 84.9% (n = 118). There was no difference in CD133 and CD44 positivity (intensity or density) rates and 
between the total scores of metastatic and non-metastatic patients with GC (p > 0.05). HER2 positivity in 
metastatic cases was detected in 49 (70.1%) patients by immunohistochemical method. No correlation was 
found between CD133 total score and age, tumor size or depth, and HER2 scores in metastatic or non-metastatic 
cases (p > 0.05). In the correlation analyzes performed with CD44 scores, only a borderline significant corre-
lation was found between CD44 scores and tumor size (r:0.175; p = 0.047) in non-metastatic cases.  
Conclusions: We demonstrated associations between CD44/CD133 expression and histological grade in all 
patients, between CD44 and tumor size in non-metastatic patients, and between HER2 and intestinal type (Lau-
ren) in metastatic patients. The results of this study need to be confirmed by multicenter studies including large 
case series. 
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Gastric cancer (GC) (also known as stomach can-
cer) is the fifth most common cancer in the 

world, after lung, breast, colorectum, and prostate can-
cer, and is the fourth most common cause of cancer-
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related death [1]. The incidence of the disease is high-
est in Eastern Asia (Japan and Mongolia), whereas it 
is lowest in Northern America, Northern Europe and 
Africa [1-4].  
      The incidence and mortality rate of gastric cancer 
in Turkey has been reported as 14.2 per 100,000 and 
12.15 per 100,000, respectively, suggesting that 
Turkey is one of the countries with the highest inci-
dence of gastric cancer in Europe [2]. In the current 
WHO classification (2019), gastric carcinomas are 
classified as adenocarcinoma, squamous cell carci-
noma, adenosquamous carcinoma, undifferentiated 
carcinoma, and neuroendocrine carcinoma. Gastric 
adenocarcinoma, the most common type is divided 
into 5 subtypes: tubular, papillary, poorly cohesive, 
mucinous and mixed. Signet ring cell carcinoma ter-
minology has been replaced by poorly cohesive car-
cinoma and is a subtype of adenocarcinoma. However, 
Lauren's classification of gastric cancers into two 
major types based on histological features, namely, in-
testinal (associated with chronic atrophic gastritis and 
intestinal metaplasia) and diffuse (originates from nor-
mal gastric mucosa) types, is more commonly used [5, 
6]. The 5-year survival rate in gastric cancer cases is 
quite low despite aggressive treatments [5, 7].  
      In recent years, cancer stem cells (CSCs), a sub-
population of cancer cells, have begun to assume in-
creasing importance in cancer studies. It has been 
shown that CSCs have specific functions such as self-
renewal and differentiation as well as differentiation 
capacities and can acquire tumorigenicity when trans-
ferred to an animal host [8]. It has been reported that 
CSCs affect cancer initiation, progression, metastasis 
and recurrence, and consequently have a close rela-
tionship with the prognosis of the disease [9-17]. Two 
of the newest and most robust CSC surface markers 
investigated for GC are CD133 and CD44. CD44 is a 
principal cell surface glycoprotein for hyaluronic acid 
and a major component of extracellular matrices. 
CD44 has been shown to play an important role in ad-
herence to the extracellular matrices, in motility, ma-
trix degradation, proliferation and cell survival [18]. 
CD133 (also known as prominin-1), a five transmem-
brane cell-surface glycoprotein, plays a principal role 
in the maintenance of cell polarity and migration 
through the interactions of cells with each other [9, 19, 
20]. It has been reported that CD133 is associated with 
a diagnosis of GC [20, 22].  

      Apart from these markers, human epidermal 
growth factor receptor 2 (HER2), also known as 
CerbB-2 or ERBB2 (erb-b2 receptor tyrosine kinase 
2), is a proto-oncogene located on chromosome 17q21 
that encodes a transmembrane protein with tyrosine 
kinase activity and is involved in signal transduction 
pathways, leading to cell growth and differentiation 
[23]. It has been shown that HER2 is a negative prog-
nostic factor in GC, and HER2-positive tumors are as-
sociated with more aggressive biological behavior, 
higher recurrence frequencies, and decreased survival 
[23, 24]. There are very few studies evaluating the 
prognostic significance of CD44, CD133 and HER2, 
which together are important CSCs markers in GC pa-
tients. In addition, some studies have reported conflict-
ing results regarding the effect of these markers on 
prognosis [11, 21, 24-29]. In this study, we aimed to 
investigate the relationship of CD44, CD133 and 
HER2 expression with clinicopathological features of 
the disease in patients diagnosed with GC in our cen-
ter. 
 
 
METHODS 
 
All participants included in this single-center and 
cross-sectional study were informed about the scope 
of the study and their informed written consent was 
obtained. The study was evaluated and approved by 
the local ethics committee and adhered to the princi-
ples laid down by the Helsinki Declaration. One hun-
dred thirty-nine patients with GC, (71 with metastasis 
and 68 without metastasis) diagnosed and followed up 
in our hospital between 2016 and 2019, were retro-
spectively analyzed. Demographic and clinical char-
acteristics, tumor localization, histological type, tumor 
size, grade and invasion depth (T), lymph node status 
(N), and metastasis (M) data of all patients were ob-
tained from file records. Histopathological parameters 
were re-evaluated from the archive slides. Gastric ade-
nocarcinoma was classified as well differentiated, 
moderately differentiated, or poorly differentiated. All 
patients were defined as intestinal, diffuse or mixed 
type according to the Lauren classification [6]. Tumor 
stage was determined based on the American Joint 
Commission for Cancer criteria (AJCC 8th edition) 
[30]. CD44 and CD133 expression were determined 
by immunohistochemical (IHC) method in all cases. 
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In addition, HER2 overexpression of the tumor was 
evaluated in patients with metastatic GC.  
      Formalin (10%)-fixed and paraffin wax-embedded 
gastric adenocarcinoma blocks extracted from the 
archive of the pathology department were prepared for 
staining with Hematoxylin-Eosin (HE). For IHC stain-
ing, 4 µM thick sections were obtained and left for 1 
hour at 60 degrees. Sections were deparaffinized in 
xylene and rehydrated in a graded series of ethanol. 
The slides were buffered in Tris- EDTA (pH = 9) and 
then placed in a microwave at full power until the 
buffer reached boiling point. After that, the microwave 
temperature was reduced to 40°C and all tissues were 
left in place for 15 min. Then the slides were removed 
and left at room temperature for 15 min. Then mono-
clonal antibody diagnostic kits for CD44 (1: 100 dilu-
tion; clone MRQ-13, Millipore Sigma, USA), CD133 
(1: 100 dilution; clone D4W4N, Cell Signalling Tech-
nology), and HER2 (ready to use;c-erbB-2/HER-2/neu 
Ab-17 (e2-4001+ 3B5) Thermo Scientific/LabVision) 
IHC stains were applied to them respectively.After 
washing, sections were overlaid with a secondary an-
tibody (VECTASTAIN elite ABC kit Universal; Vec-
tor Laboratories, Burlingame, CA, USA) for 30 min 
at room temperature. Sections were incubated in 3.0 
% hydrogen peroxide in PBS for 30 min to block en-
dogenous peroxidase activity. The reaction was devel-
oped using avidin-biotin-peroxidase complex. The 
peroxidase reaction was developed with 3-amino-9-
ethylcarbazole, and sections were counterstained with 
hematoxylin. Colon cancer sections were used as a 
positive control. Negative control sections (isotype 
control) were incubated with normal mouse serum in-
stead of the primary antibody. HE and IHC sections 
were examined under a light microscope by two expert 
pathologists.  
      Scoring of the cytoplasmic or membranous stain-
ing of CD133 and membranous staining of the CD44 
proteins were evaluated as semi-quantitative according 
to the expression percentage and intensity of immune 
positivity. Intensity scoring was as follows: 0: negative 
expression; 1: poor intensity; 2: moderate intensity; 
and 3: strong intensity [31]. The scoring of the expres-
sion percentage (extent of positivity) was done accord-
ing to the percentage of cells showing positive staining 
as follows: a score of 0 if less than 5%, a score of 1 if 
it was between 5-25%, a score of 2 if it was between 
25-50%, and a score of 3 if it was more than 50%. Tu-

mors were categorized based on the following scores: 
< 1, negative; ≥ 1, positive. Moreover, the total score 
was determined from 0 to 6 based on an evaluation of 
the intensity and the percentage of the expression 
scores when taken together.  
      HER2 IHC scoring was evaluated according to the 
scoring system proposed by Hofmann et al. [32] as 
follows: a score of 0: 0 or < 10% staining in tumor 
cells; a score of 1: weak or incomplete membranous 
staining in > 10% of tumor cells; a score of 2: weak-
moderate staining in > 10% of tumor cells; and a score 
of 3: moderate-strong, complete or basolateral staining 
in > 10% of tumor cells. Scores of 0 and 1 were clas-
sified as no or low HER2 expression, while scores of 
2 and 3 were evaluated as being HER2 positive (+). 
Silver enhanced in situ hybridization (SISH) was ap-
plied to the samples with +2 and +3 IHC scores. The 
SISH method was performed according to the manu-
facturer’s protocols for VENTANA HER2 Dual ISH DNA 
Probe Cocktail (https://www.diagnostics.roche.com). 
The SISH evaluation was performed by analyzing the 
HER2 gene and the chromosome 17 centromere sig-
nals of at least twenty consecutive cells under a light 
microscope (with 40× magnification). As a result of 
this evaluation, samples with a HER2 centromeric 
probe for chromosome 17 (CEP17) and a ratio ≥ 2 
were considered as HER2 positive.  
 
Statistical Analysis  
      SPSS 26.0 (IBM Corporation, Armonk, New 
York, United States) program was used in the analysis 
of the variables. The normal distribution of the data 
was evaluated with the Shapiro-Wilk Francia test, with 
the Levene test used to evaluate the homogeneity of 
variance. In the comparison of the quantitative data of 
two independent groups, the Independent-samples t-
test with the Bootstrap results or the Mann-Whitney 
U test (with Monte Carlo Simulation technique) was 
used. In the comparison of more than two groups ac-
cording to quantitative variables, the Jonckheere-Terp-
stra test and the Kruskal-Wallis H tests with the Monte 
Carlo Simulation technique were used and the Dunn's 
Test was used for Post hoc analyses. In the comparison 
of categorical variables, the Pearson Chi-square, 
Fisher exact and Fisher-Freeman-Halton tests with the 
Monte Carlo Simulation technique were used, and the 
comparison of column ratios with each other was ex-
pressed with the Benjamini-Hochberg corrected p -
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value. Kendall's tau-b test was used to analyze the cor-
relations of quantitative variables. While quantitative 
variables were expressed as mean (standard deviation) 
and median (Minimum-Maximum) in the tables, cat-
egorical variables were shown as n (%). Variables 
were analyzed at a 95% confidence level, and a p -
value of less than 0.05 was considered significant. 
 
 
RESULTS 
 
A total of 139 GC patients, 68 with metastases (me-
dian age 63 years; 52 males and 19 females) and 71 
without metastases (median age 61.5 years, 59 males, 
and 19 females) were included in the study. The 
groups with and without metastases were similar in 
terms of age, gender, tumor location, and tumor size 
(p > 0.05) (Table 1). In patients with metastatic GC, 
the frequency of diffuse type, poorly differentiated and 
T4 stage were significantly higher than those in the 
non-metastatic group (p < 0.05). According to IHC 

evaluation, CD133/CD44 positivity was 88.7% (n = 
63) and 81.7% (n = 58) (respectively). In metastatic 
cases, CD133/CD44 staining negativity was 7.4% (n 
= 5) and 11.8% (n = 8), CD133/CD44 positivity was 
92.6% (n = 63) and 88.2% (n = 60), respectively (p > 
0.05). Considering all cases, CD133 positivity 
(mild/moderate/intense) was 90.6% (n = 126) and 
CD44 positivity (mild/moderate/intense) rate was 
84.9% (n = 118) (Fig. 1a-d). There was no difference 
in CD133 and CD44 positivity (intensity or density) 
rates and the total scores of metastatic and non-
metastatic patients with GC (p > 0.05) (Table 1).  
      When metastatic cases (n = 68) were evaluated in 
terms of HER2 IHC positivity, 19 (27.9%) cases had 
a HER2 IHC score of 0 or 1, 35 (51.5%) cases had a 
score of 2 and 14 (20.6%) cases a score of 3. The SISH 
method was applied to cases with a HER2 score of 2 
or 3 according to IHC (n = 49), and 26 (53.1%) cases 
were found to be negative, with 23 (46.9%) cases pos-
itive according to the SISH method. HER2 scores de-
termined by the IHC method were divided into two 
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!Fig. 1. (a) Membranous strong positivity of CD44 in poorly differentiated gastric carcinoma with ×100, (b) Membranous 
strong positivity of CD44 in moderately differentiated gastric carcinoma with ×200, (c) Membranous (luminal) staining of 
CD133 in poorly differentiated gastric carcinoma with ×100, and (d) Membranous (luminal) staining of CD133 in moderately 
differentiated gastric carcinoma with ×200.
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groups as negative (IHC 0/1) and positive (IHC 2/3). 
The gender, age, tumor depth, tumor size, tumor type 
(Lauren), tumor location, and tumor grade character-
istics of these two groups were similar (p > 0.05). In 
addition, all of the HER2 positive cases (n = 23, 
100%) in the SISH method were of the intestinal type, 
which was statistically significant according to the dis-
tribution of the HER2 negative patients (p = 0.011). 
Age, gender, tumor depth and size, tumor location and 
tumor grade characteristics of HER2 positive and neg-
ative cases regarding the SISH method were similar 
(p > 0.05) (Table 2).  
      The comparison of CD44 and CD133 scores of 

both metastatic and non-metastatic GC patients with 
various parameters are shown in Table 3. CD44 and 
CD133 scores were similar in terms of gender, HER2 
positivity (IHC or SISH methods), tumor type (Lau-
ren) and tumor location (p > 0.05). On the other hand, 
when CD133 and CD44 scores were compared ac-
cording to disease grade in all patients, they were sig-
nificantly higher in poorly differentiated cases (p < 
0.05). CD133 and CD44 scores according to tumor 
grade in non-metastatic cases and CD133 scores ac-
cording to disease grade in metastatic cases were sim-
ilar (p > 0.05). CD44 scores in metastatic cases were 
significantly higher in poorly differentiated cases (p < 
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0.05) (Table 3).  
      The results of the correlation analysis of CD133 
and CD44 scores and various parameters are shown in 
Table 4. No correlation was found between CD133 

total score and age, tumor size or depth, and HER2 
scores in metastatic or non-metastatic cases (p > 0.05). 
In the correlation analyzes performed with CD44 
scores, only a borderline significant correlation was 
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found between CD44 scores and tumor size (r:0.175; 
p = 0.047) in non-metastatic cases (Table 4). 
 
 
DISCUSSION 
 
Despite medical advances, significant improvements 
in the prognosis of GC have not been achieved and it 
still remains a serious public health problem. In recent 
years, various molecular and histochemical studies 
have been carried out to investigate the presence of 
various cell markers in CSCs [the most common 
markers: CD44, CD133] thought to initiate tumor de-
velopment, and to be associated with metastasis and 
disease recurrence- and to consequently identify novel 
prognostic indicators and targeted biological ap-
proaches in the treatment of GC [18-29, 33, 34]. In 
most of these studies, these markers were considered 
separately, but in the current study, we evaluated the 
expression status of these three markers together. In 
addition, we examined whether there was a difference 
in the expression of these markers in metastatic and 
non-metastatic patients and in their relationship with 
clinicopathological features.  
      The expression positivity rate of CD44, one of the 

major components of the extracellular matrix, in GC 
cells has been shown to vary between 17.7% and 
65.0% in various studies [11-13, 27, 35, 36]. In the 
current study, when all cases were evaluated, the rate 
of CD44 expression positivity was 84.9% (88.2% in 
metastatic patientsand 81.7% in non-metastatic pa-
tients). The difference in the frequency of CD44 pos-
itivity in GC in various reported studies may be related 
to geographic/racial characteristics, use of different 
cut-off values, or differences in the CD44 antibodies 
used. Numerous studies have been conducted on 
CD44 expression related to clinicopathological fea-
tures, disease progression and the prognosis of patients 
with GC. Wakamatsu et al. [11] reported that CD44 
may be one of the good markers associated with tumor 
invasion, distant metastasis and survival in patients 
with GC. In a study by Chen et al. [12], it is shown 
that high expression of CD44 is associated with poor 
differentiation, the presence of distant metastases, ad-
vanced TNM stage and tumor recurrence. In another 
study conducted by Düzcü et al. [15], it was shown 
that while CD44 was associated with histological 
grade, intestinal type, lymphovascular and perineural 
invasion, T-stage, and N-stage, it was not associated 
with distant metastasis, as in our study. Numerous 
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studies, including recent systematic reviews and meta-
analysis studies, confirm that CD44 overexpression is 
associated with lymph node invasion, distant metasta-
sis, poor prognosis, tumor size, and poor 5-year sur-
vival and as a result, it is suggested that CD44 is one 
of the most important guiding biomarkers in predicting 
the poor prognostic outcomes of GC [13, 36-43]. In 
our study, we found that CD44 expression was asso-
ciated with poor differentiation and tumor size in our 
GC patients; however, unlike previous studies, no re-
lationship was found between CD44 expression and 
tumor type (Lauren), tumor location and T-stage in our 
patients. On the other hand, we could not perform dis-
ease recurrence, prognosis or survival analyzes due to 
the lack of long-term follow-up of our patients.  
      CD133 is one of the best known CSC makers and 
has been shown to be expressed in various cancers in-
cluding hepatocellular carcinoma, GC, colorectal can-
cer, pancreatic cancer, and ovarian cancer. 
Experimental studies suggest that CD133 expression 
in cancer patients is associated with resistance to var-
ious chemotherapeutic agents such as 5-fluorouracil 
and cisplatin. In addition, it has been shown in some 
studies that anti-CD133 antibody treatment inhibits the 
growth of cancer cells and induces apoptosis [44].  
Therefore, determining CD133 expression status in 
patients may be a guide for the use of different treat-
ment modalities. CD133 expression positivity rates in 
GC cells have been reported as 49.5% [13], 57.4% 
[46], and 58.4% [19] in various studies. In the current 
study, when all cases were taken into account, CD133 
positivity (mild/moderate/intense) was seen to be 
90.6%, and there was no difference in CD133 expres-
sion frequency between metastatic and non-metastatic 
patient groups. The difference in the expression fre-
quency of CD133 may be related to the use of different 
antibodies in the histopathological evaluation or the 
use of different cut-off values. Moreover, in many 
studies, including meta-analysis studies, it has been 
shown that CD133 overexpression is associated with 
tumor size, histological grade, intestinal subtype, lym-
phatic infiltration, vascular invasion, TNM stage, 
depth of invasion, distant metastasis, tumor recurrence 
and reduced survival [9, 11-13, 15, 19, 22, 42, 46]. On 
the other hand, in a study by Sarıcanbaz et al. [21], it 
was shown that CD133 expression was not associated 
with nodal involvement, tumor size, T-stage, N-stage, 
and histological grade. In the current study, we demon-

strated a relationship between CD133 expression and 
histological grade, but similar to the study of Sarıcan-
baz et al. [21]. CD133 expression was not associated 
with age, tumor depth, tumor size, tumor type (Lau-
ren), and tumor location. These conflicting results in-
dicate the need for further studies with large case 
series.  
      It is known that HER2 expression plays a promi-
nent role in the clinicopathological features and the 
poor prognosis of breast cancer [47]. However, con-
flicting data have been reported regarding the relation-
ship between HER2-positivity and the clinicopathological 
features and prognosis of GC [24, 27, 28, 48-50]. In 
many studies, the rate of HER2 positivity with the IHC 
method varies between 4.4% and 53.4%, which may 
be due to geographic differences, tumor heterogeneity, 
the application of different scoring systems, and de-
pendence on the examining pathologist [24].  In the 
current study, we found HER2 positivity to be 72.1% 
in patients with metastasis using the IHC method. In 
addition, in cases that were found to be HER2 positive 
by the IHC method, 46.9% of the cases were found to 
be HER2 positive by the SISH method. In one study, 
the sensitivity and specificity of the SISH method 
were reported as 56% and 100%, respectively, and the 
false-negative rate was 44%, according to the IHC 
method. These findings indicate that false negativity 
is very high in the SISH method, which is consistent 
with the findings of our study [51]. Studies investigat-
ing the relationship between clinicopathological fea-
tures and HER2 expression have reported a close 
relationship between HER2 overexpression and gen-
der, tumor differentiation, tumor location, tumor inva-
sion, TNM stage, lymph node metastasis, and Lauren 
classification [48, 50, 52, 53]. In our study, when the 
SISH and IHC methods were taken into account sep-
arately, no relationship between HER2 expression ac-
cording to the IHC method and demographic and 
clinicopathological features was found, only between 
HER2 expression and intestinal type GC in the SISH 
method, which is in line with the findings of Tanner 
et al. [54], was a relationship found.  In addition, sim-
ilar to our study, some studies reported that HER2 ex-
pression is not associated with gender, age, TNM stage 
tumor differentiation, tumor location, and tumor inva-
sion [27, 28]. In addition, there are studies reporting 
that disease prognosis is associated with HER2 expres-
sion in patients with GC [48, 52, 54]; other studies dif-
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fer [27, 28, 50, 55]. It has been reported in a study that 
the evaluation of HER2 is important because it guides 
the use of anti-HER2 agents in patients with GC [56].  
Since our study did not include long-term follow-up 
of the patients, its effect on the prognosis could not be 
evaluated.  
 
Limitations  
      The strength of this study lies in its evaluation of 
CD44, CD133 and HER2 expressions together in pa-
tients with GC, unlike previous studies, and its inves-
tigation of the relationship with clinical features. On 
the other hand, this study has some limitations. First 
of all, analysis related to prognosis could not be pre-
sented due to the lack of long-term follow-up of the 
patients. In addition, the number of patients included 
in the study was relatively small, and the results of 
subgroup analyzes may have been negatively affected 
by this. The negative effects of the difference of anti-
bodies used in CD44, CD133 and HER2 measure-
ments in the studies and the use of different cut-off 
values in determining the positivity of the results were 
not taken into account. 
 
 
CONCLUSION 
 
In conclusion, in this study, we investigated the pres-
ence of stem cells with CD133 and CD44 in metasta-
tic, non-metastatic cases and in metastatic and HER2 
positive cases. We reported associations between 
CD44 / CD133 expressions and histological grade in 
all patients, between CD44 and tumor size in non-
metastatic patients, and between HER2 (detected by 
the SISH method) and intestinal type (Lauren) in 
metastatic patients. In addition, the association of all 
three markers with age, gender, metastasis, tumor in-
vasion, or tumor location could not be demonstrated. 
We did not find any relationship between expressions 
of HER2 and CD44 and CD133. The results of this 
study need to be confirmed by multicenter studies in-
cluding large case series. 
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