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Abstract 
Gastric adenocarcinomas represent frequent malignant tumors in the digestive tract, with a high and constant mortality rate in last decades. 
The disturbance of the adhesion molecules expression, which normally is essential in maintaining epithelial homeostasis, has a critical role 
in the initiation and progression of tumors. In this study, we analyzed the immunoexpression of E-cadherin, cluster of differentiation 44 
(CD44), and Claudin 7 in 58 cases of gastric adenocarcinomas, in relation to the histopathological parameters of the lesions’ aggressiveness. 
Increased E-cadherin immunoexpression was observed in tubular adenocarcinomas, those of low grade and in stages I–III. CD44 presented 
high scores in discohesive, hepatoid, tubular, and tubulopapillary adenocarcinomas, those of high grade and in advanced stages. Claudin 7 
associated increased scores for tubular, tubulopapillary and micropapillary tumors, those of low grade and mainly in stage I. The markers 
used in the study can be useful for assessing the aggressiveness of gastric adenocarcinomas, in the context of specific adapted therapy. 
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 Introduction 
Gastric adenocarcinomas are among the most frequent 

malignant tumor lesions encountered in the digestive tract 
and represent approximately 95% of the malignant tumors 
with this localization [1]. Gastric adenocarcinomas are 
responsible for 8.8% of the deaths caused by cancer 
worldwide and continue to represent a major problem 
globally [2, 3]. 

The multifactorial etiology and heterogeneous clinico-
pathological character are determinants for the aggressive 
biological behavior of the lesions [4, 5]. Although the 
screening programs have decreased the incidence of the 
lesions, and the methods of diagnosis and treatment of 
gastric adenocarcinomas have been improved in recent 
years, the prognosis remains reserved and the mortality 
rate high. In the context of frequently discrete symptoms, 
most patients are diagnosed in advanced stages [5, 6]. 
Therefore, there is a permanent concern for improving 
the prognosis of patients, existing numerous studies that 
have analyzed the biomolecular mechanisms involved in 
tumor initiation and progression. Among these, an important 
role in recent years was occupied by the intercellular 
adhesion system, which is regulated by numerous classes 
of proteins, including cadherins, claudins and cluster of 
differentiation 44 (CD44) [7–10]. 

E-cadherin and its role in carcinogenesis have been 
intensively studied in recent years, both in the context of 
the alteration of intercellular adhesion and of the epithelial 

and mesenchymal phenotype [11, 12]. Numerous studies 
conducted on gastric adenocarcinomas have concluded that 
E-cadherin immunoexpression is strongly associated with 
the type, tumor grade and tumor stage, being considered 
an efficient prognostic marker [13–15]. On the contrary, 
other studies reported the absence of significant associations 
between the E-cadherin expression and histopathological 
(HP) parameters [16, 17]. 

CD44 is a transmembrane glycoprotein expressed on 
the surface of various cells and described as an important 
marker involved in proliferation, differentiation, cell migration 
and angiogenesis [18, 19]. Although there are numerous 
studies that support the association of CD44 expression 
with the initiation and progression of gastric cancer and 
the fact that it has an important role in the diagnosis and 
prognosis of the disease, there are authors who have not 
identified a notable association [18, 20]. 

Claudin 7 plays a crucial role in maintaining epithelial 
integrity, recent studies indicating the presence of immuno-
expression in different types of carcinomas [21, 22]. At the 
same time, the studies that analyzed Claudin 7 immuno-
expression in gastric tumors are limited and inconsistent 
[21, 22]. 

In the context in which the most of studies that analyzed 
the intercellular adhesion proteins in gastric adenocarcinomas 
were conducted on the Lauren classification, the role of 
E-cadherin, CD44 and Claudin 7 in gastric carcinogenesis 
and the utility for the tumors assessment remains 
controversial, research in this direction being of actuality. 
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Aim 

In this study, we analyzed the immunoexpression of 
E-cadherin, CD44 and Claudin 7 in relation to the HP 
parameters of the gastric adenocarcinoma aggressiveness. 

 Materials and Methods 
The study included a number of 58 cases of gastric 

adenocarcinomas from patients admitted to the Departments 
of General Surgery, Emergency County Hospital, Craiova, 
Romania, over a period of four years (2017–2020), and 
which were diagnosed in the Department of Pathology of 
the same Hospital. 

The biological material was represented by surgical 
specimens of total gastrectomy fixed in 10% neutral buffered 
formalin, processed by the usual technique of paraffin 
embedding and standard stained with Hematoxylin–Eosin 
(HE). The inclusion criterion in the study was the diagnosis 
of primitive gastric adenocarcinoma, without other tumoral 
history or chemo-, radio- and immunotherapy. 

The classification of lesions was done in accordance 
with the latest classification of the digestive system tumors, 
developed by the World Health Organization (WHO) 
Working Group [23]. The HP study followed the main 
aggressiveness parameters of gastric adenocarcinomas 
represented by the HP type, tumor grade, and the tumor 
stage in relation to specific markers of intercellular adhesion 
represented by E-cadherin, CD44 and Claudin 7 (Table 1). 

Table 1 – Antibodies used and immunostaining data 

Antibody Clone Dilution Pretreatment 
External 
positive 
control 

E-cadherin NCH 38 1:50 
Boiling in citrate 
solution (HIER), 

pH 6 

Mammary 
gland 

CD44 DF1485 1:50 
Boiling in citrate 
solution (HIER), 

pH 6 
Tegument 

Claudin 7 Polyclonal 1:150 
Boiling in citrate 
solution (HIER), 

pH 6 
Kidney 

CD44: Cluster of differentiation 44; HIER: Heat-induced epitope retrieval. 

For the immunohistochemical (IHC) reactions, 3 μm 
serial sections were obtained from the paraffin blocks, that 
were mounted on with poly-L-lysine coated slides. After 
deparaffinization in xylene, the sections were rehydrated 
and exposed to endogenous enzyme blocking with hydrogen 
peroxide, nonspecific site blocking with bovine serum 
albumin (BSA), and antigen retrieval by microwaving for 
20 minutes, according to the protocols indicated by the 
manufacturers. The working system for the polymeric 
amplification was represented by EnVision™ FLEX+ 
System (code K8002, Dako). The visualization of reactions 
was realized with 3,3’-Diaminobenzidine (DAB) tetra-
hydrochloride chromogen. In this study were used positive 
external controls to validate the reactions. Finally, the 
sections were counterstained with Hematoxylin. 

For the semiquantitative evaluation of IHC reactions, 
we used a final staining score (FSS) obtained by multiplying 
the percentage of marked cells on a 40× microscopic field 
(MF) by the intensity of the reaction. There were analyzed 
10 MFs for each case. The score assigned for the number 

of marked cells was 1 (5–25% cells), 2 (26–50% cells),  
3 (>50% cells), while the score for the intensity of reactions 
was 1 (weak), 2 (moderate) and 3 (high). FSS had values 
between 1–9, scores 1–4 being considered low, 6–9 high. 
The positivity threshold value was given by the presence 
of at least 5% immunostained tumor cells, below which 
the reactions were considered negative. The assessment 
of the reactions was done in parallel by two pathologists 
(OIC and AES), the results being later compared and 
adjusted. The images were obtained by using the Motic 
Panthera DL microscope, equipped with Motic Images 
Plus 3.0 ML software. 

For the statistical analysis were used comparison tests 
represented by χ2 (chi-squared) and Pearson within the 
Statistical Package for the Social Sciences (SPSS) 10 
software, the results being considered significant for values 
of p<0.05. In this study, for the calculation of average 
values and standard deviations, there were used numerical 
values of the obtained immunostainings for all the cases, 
including the negative ones. 

In the scientific research, the ethical aspects were 
respected, based on the informed consent of the patients, 
the study being approved by the Local Ethics Commission 
(No. 151/24.09.2021). 

 Results 
In this study, there were investigated 58 patients 

diagnosed with gastric adenocarcinoma, with the age 
between 40 and 86 years, with an average diagnosis age 
of 68.3±10.4 years, the majority being of male gender 
(65.5%). Most cases were represented by tubular type 
adenocarcinomas (39.7%) and poorly cohesive carcinomas 
with signet-ring cell (PCC-SRC) (15.5%), most being of 
high grade (60.3%) and classified in tumor stage III (51.7%) 
(Table 2). 

Table 2 – Cases distribution according to the investigated 
clinicopathological parameters 

Parameter Variable No. of cases 

Age [years] 

<50 2 

50–70 31 

>70 25 

Gender 
Male 38 

Female 20 

Histopathological 
type 

Tubular 23 

Tubulopapillary 3 

PCC-NOS 6 

PCC-SRC 9 

Mixed 6 

Mucinous 7 

Micropapillary 2 

Hepatoid 2 

Tumor grade 
Low 23 

High 35 

Tumor stage 

I 4 

II 18 

III 30 

IV 6 

F: Female; M: Male; PCC-NOS: Poorly cohesive carcinomas non-
signet-ring cell; PCC-SRC: Poorly cohesive carcinomas with signet-
ring cell. 
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Immunoexpression of E-cadherin 

E-cadherin was identified in 81% of investigated gastric 
adenocarcinomas, the negative cases belonging to poorly 
cohesive carcinomas non-signet-ring cell (PCC-NOS) type, 
PCC-SRC, mucinous and hepatoid carcinomas, of high grade 
and in advanced stages. The reactions were identified in 
tumor cells membrane. For the entire analyzed group, the 
average number of labeled cells was 19.2±20.5, the reactions 
presented variable intensity, the FSS having an average 
value of 2.1. 

In relation to the type of adenocarcinomas, the strongest 
reactions were observed in the case of tubular type 
adenocarcinomas, with a number of marked cells of 
39.1±18.8, variable intensity, and an average FSS of 4 
(Figure 1A). These were followed by mixed, tubulopapillary 
and micropapillary types of adenocarcinomas, with a positive 
cell number of 14.5±6.1, 11.6±5.7 and 7.5±3.5, with weak 
and moderate intensity, and a mean FSS of 1.8, 1.3 and 
1.5, respectively (Figure 1B). PCC-SRC and PCC-NOS 
presented a positive cell number of 4.8±3.2 and 4.1±3.7, 
weak intensity and a mean FSS of 0.7 and 0.6 (Figure 1C). 
In the case of mucinous type adenocarcinomas, the number 
of labeled cells was 1.7±2.9, the reactions being weak and 
with a mean FSS of 0.2 (Table 3) (Figure 1D). 

Depending on the tumor grade, we observed that the 
low-grade lesions presented higher values, respectively a 
number of labeled cells of 38±20.4, with variable intensity 
and an average score of 4 (Figure 1E). Comparatively, 

the high-grade tumors presented an immunopositive cell 
number of 6.9±6.6, with weak and moderate intensity and 
a mean FSS of 0.8 (Table 3) (Figure 1F). 

Table 3 – E-cadherin, CD44 and Claudin 7 immuno-
expression in relation to HP parameters 

Parameter / p-value E-cadherin CD44 Claudin 7 

HP type 

Tubular 4 4 4.4 

Tubulopapillary 1.3 3.3 4.6 

PCC-NOS 0.6 4.6 0.8 

PCC-SRC 0.7 7.6 0.7 

Mixed 1.8 2 3 

Mucinous 0.2 1.8 4 

Micropapillary 1.5 1.5 5 

Hepatoid 0 7.5 3 

p-value 0.001 0.006 0.049 

Tumor 
grade 

Low 4 4.6 4.9 

High 0.8 3.8 2.2 

p-value 0.001 0.351 0.008 

Tumor 
stage 

I 5 6 7 

II 2.2 4.3 2.9 

III 1.9 4.2 3.1 

IV 1 2.3 2.6 

p-value 0.056 0.869 0.158 

HP: Histopathological; PCC-NOS: Poorly cohesive carcinomas non-
signet-ring cell; PCC-SRC: Poorly cohesive carcinomas with signet-
ring cell. 
 

 
Figure 1 – Gastric adenocarcinoma, E-cadherin immunostaining (×40): (A) Tubular type; (B) Mixed type; (C) PCC-NOS 
type; (D) Mucinous type; (E) Low-grade adenocarcinoma; (F) High-grade adenocarcinoma. PCC-NOS: Poorly cohesive 
carcinomas non-signet-ring cell. 

 

For tumor stage I, the number of marked cells was 
48±29.7, the intensity of reactions was variable, and average 
FSS of 5. In stages II, III and IV, the number of positive 
cells were 20.7±18.9, 16.5±18.1 and 19.1±17.7, with intensity 
of the reactions predominantly weak and moderate, and the 
average FSS values of 2.2, 1.9, and 1, respectively (Table 3). 

The statistical analysis of E-cadherin immunoexpression 

revealed a significant association in relation to the HP type 
(p=0.001, χ2 test) and the tumor grade (p=0.001, χ2 test), 
as well as values at the limit of significance in relation to 
the tumor stage (p=0.056, χ2 test), the highest values of 
E-cadherin scores being observed in tubular carcinomas, 
those of low grade and in stage I–III (Figure 2, A–C). 
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Figure 2 – Cases distribution depending on E-cadherin scores and histopathological type (A), tumor grade (B), and 
tumor stage (C). PCC-NOS: Poorly cohesive carcinomas non-signet-ring cell; PCC-SRC: Poorly cohesive carcinomas 
with signet-ring cell. 

 

CD44 immunoexpression 

CD44 was identified in 94.8% cases of gastric 
adenocarcinomas, being identified a negative immuno-
reaction in three cases (mixed, mucinous, and tubular 
types), of high grade and in advanced stages tumors. The 
immunoreactions were identified in the membrane and 
apical cytoplasm of tumor cells, as well as in some stromal 
elements represented by macrophages, fibroblasts, and 
lymphocytes. For the entire analyzed group, the average 
number of marked cells was 39±21.9, the reactions presented 
variable intensity, the FSS having an average value of 4.1. 

Regarding the HP type, strong reactions were identified 
in the case of PCC-SRC, with a number of positive cells 
of 70.5±5.2, moderate and high intensity and a mean FSS 
of 7.6, these being followed by the hepatoid type, with a 
number of 52.5±10.6 of marked cells, high intensity and a 
mean final score of 7.5 (Figure 3, A and B). The immuno-
staining was moderate and high in PCC-NOS, with 
40.8±7.3 positive tumor cells, and FSS of 4.6. For tubular 
and tubulopapillary tumors, the values were 40±20.1 and 
23.3±7.6, with variable or moderate/high intensity and mean 
FSS of 4 and 3.3, respectively (Figure 3C). In the mixed 
type was identified a number of 21.6±14.0 of labeled cells, 
with weak and moderate intensity and the FSS was 2. For 
mucinous and micropapillary adenocarcinomas were 
observed a number of 20±10.4 and 10±7 positive cells, 
with weak/moderate intensity and average FSS values of 
1.8 and 1.5, respectively (Table 3) (Figure 3D). 

Low-grade gastric adenocarcinomas presented 44.3±17.6 
positive tumor cells, with variable intensity, and a mean 
FSS of 4.6 (Figure 3E). In comparison, the high-grade 
adenocarcinomas had a number of immunopositive cells 
of 35.5±23.9, with variable intensity, and a mean FSS 
value of 3.8 (Table 3) (Figure 3F). 

In relation to the tumor stage, the adenocarcinomas in 
both stage I and stage II had a higher number of marked 
cells, 53.7±28.6 and 41.1±20.2, respectively, the intensity 
being moderate and high, respectively variable, and the 
average FSS were 6 and 4.3, respectively. In contrast, in 
stages III and IV, the number of immunomarked cells were 
38.3±21.7 and 26.6±21.6, with variable intensity, respectively 
weak and moderate, and the mean FSS value of 4.2 and 2.3, 
respectively (Table 3). 

The statistical analysis of CD44 immunoexpression 
indicated a significant association in relation to the HP 
type (p=0.006, χ2 test), without other associations with the 
tumor grade (p=0.351, χ2 test) and tumor stage (p=0.869, 
χ2 test). Thus, the carcinomas that associated high CD44 

scores were represented by numerous high-grade tumors, 
in advanced stages, of discohesive and hepatoid types, but 
also in tubular or tubulopapillary types (Figure 4, A–C). 

Claudin 7 immunoexpression 

Claudin 7 was identified in 93.1% of the studied gastric 
adenocarcinomas, the negative cases being represented by 
PCC-NOS and PCC-SRC, of high grade and in advanced 
stages. The reactions were identified in the tumor cell 
membrane. For the entire analyzed group, the average number 
of marked cells was 33±20.3, the reactions presented variable 
intensity and the FSS mean value was 3.2. 

In relation to the HP type, in tubular and tubulopapillary 
adenocarcinomas, the number of marked cells was 45.2±17.9 
and 40±10, with variable intensity, respectively moderately/ 
high and mean FSS of 4.4 and 4.6, respectively (Figure 5A). 
Micropapillary and mucinous types had a number of positive 
cells of 40±7 and 39.2±8.8, weak/moderate intensity, 
respectively variable and mean FSS of 5 and 4 (Figure 5B). 
In hepatoid and mixed types, the immunomarked cells were 
in number of 40±14.1 and 38.3±6, with weak/moderate 
intensity and average FSS of 3 (Figure 5C). In the case of 
PCC-NOS and PCC-SRC, the number of labeled cells was 
6.6±6 and 5.5±3.9, with weak/moderate intensity and average 
FSS of 0.8 and 0.7, respectively (Table 3) (Figure 5D). 

Reported to the tumor grade, we observed that low-
grade adenocarcinomas presented a number of marked 
cells of 47.8±16.7, with variable intensity and an average 
score of 4.9 (Figure 5E). Comparatively, for high-grade 
adenocarcinomas was identified a reduced number of 
immunopositive cells, respectively 23.2±16.3, with variable 
intensity and a mean FSS of 2.2 (Table 3) (Figure 5F). 

In relation to the stage of gastric adenocarcinomas, for 
stage I was observed a superior number of marked cells 
compared to the other tumor stages, respectively 60±21.2, 
moderate and high intensity and mean FSS value of 7. 
Stages II and III presented a number of positive cells of 
31.1±18.7, respectively 31.3±20.2, the intensity of the 
reactions was variable and the average FSS of 2.9 and 3.1, 
respectively. In gastric adenocarcinomas stage IV was 
identified a number of 29.1±16.2 marked cells, variable 
intensity and FSS value of 2.6 (Table 3). 

The statistical analysis of Claudin 7 immunoexpression 
revealed a significant association in relation to the HP 
type (p=0.049, χ2 test) and tumor grade (p=0.008, χ2 test), 
without relation to the tumor stage (p=0.158, χ2 test). 
High scores of Claudin 7 were associated with tumors 
with tubular/papillary/micropapillary architecture, of low 
grade and mostly in stage I (Figure 6, A–C). 
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Figure 3 – Gastric adenocarcinoma, CD44 immunostaining (×40): (A) PCC-SRC type; (B) Hepatoid type; (C) Tubular type; 
(D) Mucinous type; (E) Low-grade adenocarcinoma; (F) High-grade adenocarcinoma. CD44: Cluster of differentiation 44; 
PCC-SRC: Poorly cohesive carcinomas with signet-ring cell. 

 
Figure 4 – Cases distribution depending on CD44 scores and tumor grade (A), tumor stage (B), and histopathological 
type (C). CD44: Cluster of differentiation 44; PCC-NOS: Poorly cohesive carcinomas non-signet-ring cell; PCC-SRC: 
Poorly cohesive carcinomas with signet-ring cell. 

 
Figure 5 – Gastric adenocarcinoma, Claudin 7 immunostaining (×40): (A) Tubulopapillary type; (B) Mucinous type; 
(C) Hepatoid type; (D) PCC-SRC type; (E) Low-grade adenocarcinoma; (F) High-grade adenocarcinoma. PCC-SRC: 
Poorly cohesive carcinomas with signet-ring cell. 
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Figure 6 – Cases distribution depending on Claudin 7 scores and histopathological type (A), tumor grade (B), and tumor 
stage (C). PCC-NOS: Poorly cohesive carcinomas non-signet-ring cell; PCC-SRC: Poorly cohesive carcinomas with 
signet-ring cell. 

 

Following the analysis of the percentage values for 
the investigated markers, it was observed a positive linear 
correlation between E-cadherin and Claudin 7 (p<0.001, 
Pearson’s test), a positive linear relation between E-cadherin 
and CD44 (p=0.076, Pearson’s test), and a negative linear 
relation between Claudin 7 and CD44 (p=0.377, Pearson’s 
test). 

 Discussions 
Adhesion molecules are surface proteins that promote 

cellular interaction with the role of maintaining epithelial 
integrity. Consequently, changes in the expression of these 
surface proteins alters the epithelial homeostasis. Multiple 
studies, including from the experience of the study authors, 
have observed modified immunoexpression of the adhesion 
molecules in various neoplastic processes, and this aspect 
has become an essential research direction with potential 
of applicability in targeted oncological treatment [7, 11, 
24, 25]. 

E-cadherin is a transmembrane adhesion molecule that 
is part of the cadherin system and plays important roles in 
intercellular adhesion of the epithelium, in maintaining cell 
polarity and epithelial stratification [3, 13, 17]. Adherent 
junctions between cells based on E-cadherin are fundamental 
for the tissue integrity, thus decreased immunoexpression is 
associated with tumor initiation, progression, and metastasis 
[3, 17, 26]. Numerous studies have been conducted to 
analyze the immunoexpression of E-cadherin in different 
malignant tumor lesions, including gastric adenocarcinomas 
[16, 17, 26, 27]. While some authors indicated that the 
immunoexpression of E-cadherin can be considered an 
important marker in the evaluation of the patient’s prognosis, 
and its decrease was associated with tumor progression and 
unfavorable prognosis, other studies did not support these 
results [16, 17, 26, 27]. 

Most of the studies that analyzed the E-cadherin immuno-
expression related to the HP type of gastric adenocarcinomas 
indicated a high percentage of labeled cells in the cases 
of tubular type in contrast to the other types. Karayiannakis 
et al. concluded that the diffuse and undifferentiated type 
of adenocarcinomas had a decreased immunoexpression, 
in contrast to the types of gastric adenocarcinomas with 
glandular pattern where it was well expressed [28]. Thus, 
was reported that the lowest immunoexpression of E-cadherin 
was in diffuse and mixed types, while in intestinal type 
adenocarcinomas the expression was maximum [28]. Arévalo 
et al. demonstrated in a comparative study, a reduction  

of E-cadherin immunoexpression in signet-ring cell 
adenocarcinomas, unlike the other types, thus being explained 
the superior capacity of infiltration [29]. In a similar study 
was identified a low immunoexpression in micropapillary 
adenocarcinomas [30]. The study reported high immuno-
expression of E-cadherin in the papillary and tubular type, 
and a considerable decrease to absence was described in the 
other HP types of gastric adenocarcinoma [31]. The absence 
of the immunostaining was observed by other authors in 
signet-ring cell and mucinous adenocarcinomas [31]. 

In our study, except for the tubular type of gastric 
adenocarcinoma, in all other types, E-cadherin scores were 
low. 

Multiple studies have reported that E-cadherin immuno-
expression decreases in high-grade tumors, aspects that 
were also identified in this study. Thus, was identified an 
increased immunoexpression in low-grade adenocarcinomas 
and decreased or absent in high-grade tumors, E-cadherin 
immunoexpression being considered by some authors as a 
marker for tumor differentiation [17, 28, 32, 33]. 

At the same time, some studies have reported a percentage 
much reduced of marked tumor cells in advanced stages 
of adenocarcinomas [17, 31]. Torabizadeh et al. reported 
a notable difference between stage III to stages I and II [34], 
and Xia et al. indicated a marked decrease of E-cadherin 
in adenocarcinomas in stage II, III and IV compared to 
stage I [35]. In our study, the lowest values of E-cadherin 
were identified in most stage II–IV carcinomas. 

CD44 is a transmembrane multistructural and multi-
functional adhesion molecule, involved in cell proliferation, 
differentiation, migration, and angiogenesis [36, 37]. This 
is the main surface receptor for hyaluronic acid, a major 
component of the extracellular matrix, an important 
interaction for the connection between epithelial cells and 
the underlying connective tissue [36]. 

Most studies indicated that the CD44 immunoexpression 
is a negative prognostic marker for gastric adenocarcinomas 
[36–38], although there are authors who do not support this 
aspect [20, 39]. The studies that analyzed CD44 immuno-
expression in relation to the different HP types showed 
variable results. Thus, some authors reported a high immuno-
expression in diffuse type adenocarcinomas compared to 
intestinal type [20, 40], while others revealed an increased 
immunoexpression predominantly in the intestinal type 
[41, 42]. 

Ahadi et al. reported high expression of CD44 in diffuse 
and mucinous types, followed by mixed, the lowest reactivity 
being observed in intestinal type [20]. Sanaat et al. found 
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no significant association between CD44 immunoexpression 
and the HP type of gastric adenocarcinomas [43]. The dual 
role of CD44 may contribute to the controversial results 
in the literature; thus, besides the stability given by the 
anchoring to the underlying matrix of the epithelia, the 
protein is a marker of normal and neoplastic stem cells, 
which participates in the active maintenance of the tumor 
population [44, 45]. On the other hand, the role of the 
inflammatory microenvironment associated with tumors, 
with elements positive for CD44, can contribute to the 
positive or negative evolution of the tumor process, an 
aspect that is not so investigated [46]. 

In our study, we found consistent CD44 immunostaining 
in discohesive and hepatoid aggressive carcinomas, but also 
in some tubular carcinomas, of high grade and advanced 
stages. 

Studies that analyzed CD44 immunoexpression indicated 
a significant association with the tumor grade in gastric 
adenocarcinomas. Increased immunoexpression was identified 
in poorly differentiated gastric adenocarcinomas compared 
to well and moderately differentiated ones [20, 37, 38, 40]. 
However, the results obtained by Dhingra et al. contradicts 
this statement [47]. 

In some studies, the decrease or loss of CD44 immuno-
expression was identified in early stages, while increased 
immunoexpression was associated with advanced stages 
[38, 47, 48]. Tongtawee et al. reported an increased immuno-
staining of tumor cells in stages III and IV compared to 
stages I and II [49]. Jian-Hui et al. reported a positive CD44 
immunoexpression in stage IV compared to the other stages 
[50], a result also confirmed by Ghaffarzadehgan et al. [42]. 

In our study, we found no association of CD44 scores 
with tumor stage and grade. 

Claudins are adhesion proteins expressed on the surface 
of cells with a role in the consolidation of epithelial cells. 
The decrease in the immunoexpression of these markers 
is correlated with the destabilization of the epithelial tissue 
and the promotion of tumor progression [22, 51, 52]. 

In the last decade, the alteration of claudins expression 
has been studied in relation to different malignant tumor 
processes. Decreased immunoexpression of Claudin 7 
has been described in breast, head, and neck tumors, and 
increased immunoexpression has been reported in stomach 
malignancies [51, 53, 54]. Claudin 7 appears to have 
predictive potential, with increased immunoexpression 
associated with low survival rate and poor prognosis  
[51, 53, 54]. However, there are relatively few studies 
that have addressed to the expression of Claudin 7 in an 
integrated way with the HP prognostic parameters of gastric 
adenocarcinomas. 

Most of the studies that analyzed the immunoexpression 
of Claudin 7 in relation to the gastric adenocarcinomas’ 
HP types, reported an increased immunoexpression in 
intestinal type, followed by diffuse type, the lowest 
immunoexpression being described in mixed type [54]. 
Other studies have observed the decrease of Claudin 7 
expression especially in the diffuse type, when compared 
to the intestinal one [55, 56]. 

Decreased immunoexpression of Claudin 7 has been 
reported in poorly differentiated gastric adenocarcinomas 
[55], an aspect also observed in our study. 

The statistical analysis regarding the immunoexpression 

of Claudin 7 in gastric adenocarcinomas in relation to the 
tumor stage of the disease remains controversial. Park et al. 
concluded that Claudin 7 immunoexpression was not 
associated with tumor stage [55], whereas Shinozaki et al. 
reported a significant association [56, 57]. 

In our study, Claudin 7 expression was associated with 
stage I, low grade tumors and mainly in case of tubular/ 
papillary/micropapillary architecture. 

 Conclusions 
In this study, we found differences in the expression of 

E-cadherin, CD44 and Claudin 7 in relation to the type, grade, 
and stage of gastric adenocarcinomas. While E-cadherin 
and Claudin 7 were associated with tumors with tubular 
architecture, of low grade and in early or intermediate stages, 
CD44 was associated mostly with tumors of high grade and 
in advanced stages, regardless of if the architecture was a 
discohesive, hepatoid or tubular one. The negative linear 
relation with Claudin 7 and positive linear relation with 
E-cadherin may suggest a dual role in gastric carcinogenesis 
for CD44. The markers used in this study can characterize 
the profile of the intercellular adhesion system, respectively 
they can contribute to the identification of aggressive 
lesions with evolutionary potential, to improve the patients’ 
stratification criteria for therapy. 
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