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Abstract 

Introduction. Cancer stem cells (CSCs) play a key role in the development, 

progression and metastasis of cancer. Cell surface markers, in particular CD44 and EpCAM, 

are used to identify CSCs. Marker expression patterns depend on the stage of progression and 

differentiation. Materials and methods. Histopathological and IHC studies of 49 cases of the 

pancreas ductal adenocarcinoma (PDAC) of G2, G3 degrees of differentiation. Results of IHC 

reactions with antibodies against CD44 and EpCAM were estimated by photo digital 

morphometry and were expressed in immunostained cells relative area (%). Results. 

Adenocarinoma of the pancreas is characterized by a moderate level of expression of cell 

surface markers CSC - CD44 and EpCAM. The expression level of CD44 in the І gr. - Me = 

34.11% (Q1 = 31.03; Q3 = 38.39), in the II gr. - Me = 43.17% (Q1 = 39.83; Q3 = 47.04), 

http://dx.doi.org/10.12775/JEHS.2022.12.06.023
https://apcz.umk.pl/JEHS/article/view/JEHS.2022.12.06.023
https://zenodo.org/record/6678066
mailto:shishkin.stomat@gmail.com
mailto:leranaumenkokabachenko@gmail.com
https://orcid.org/0000-0002-7219-6634


230 

 

significantly higher than in the I gr. (Kruskal-Wallis test p<0.05). The expression level of 

EpCAM in the I gr. - Ме=26,10% (Q1=20,42; Q3=31,89), in the II gr. - Ме=31,07% 

(Q1=27,03; Q3=34,00) (p>0,05). In both groups, the relative area of EpCAM was 

significantly lower than CD44 (Kruskal-Wallis test p<0.05). Correlation analysis (Pearson's 

ratio) showed a weak negative relationship between markers at G2 (r = -0.17, p>0.05), at G3 - 

a weak positive (r = + 0.06, p>0.05). 

Key words: Pancreas; Ductal adenocarcinoma; Cancer stem cells; EpCAM; 

CD44. 

 

Introduction. A critical role in the occurrence, progression, and metastasis of cancer 

is assigned to cancer stem cells (CSC). A characteristic feature of pancreatic ductal 

adenocarcinoma (PDAC) as a malignant tumor is significant heterogeneity in subpopulations 

of these cells [1-5]. CSCs are exclusively tumor-generating and pluripotent; they are localized 

among cancer cells and have properties which are similar to stem cells. They range from 1% 

to 5% of the total number of tumor cells [1-5]. Research has also identified the characteristics 

of CSCs inherent in the epithelial-mesenchymal transition (EMT), which promotes the spread 

of cancer cells and metastasizes to other organs. In turn, it has been proven that the induction 

of EMT in cancer cells contributes to the appearance of symptoms similar to CSC [6-9]. 

During treatment, tumor cells dedifferentiate to stem cells and create a new pool of CSCs 

resistant to chemotherapy and radiation therapy, with unlimited self-healing and the ability to 

regenerate cell heterogeneity, which causes treatment failure and recurrence of PDAC [10, 

11]. That is, CSCs have more pronounced invasiveness and metastasis in comparison with 

their differentiated analogues of cancer cells, innate higher chemo- and radioresistance. 

Unique cell surface markers in these cells that emphasize their heterogeneity are used to 

identify CSCs [12]. CD44 is a non-kinase receptor for transmembrane adhesion, a benign 

molecular marker of CSC. CD44 expression is associated with EMT regulation. Literature 

data indicate a correlation between overexpression of the CD44 marker and a low degree of 

differentiation, high proliferative activity and higher metastatic potential in the liver and 

lymph nodes [1-5, 13]. Scientific studies have established tumor recurrence after treatment 

due to CD44 + cells [2-5]. 

The epithelial cell adhesion molecule EpCAM, also known as epithelial specific 

marker (ESA), is used as another RSC biomarker. The effect of EpCAM on cell proliferation, 

partial association with EMT and, accordingly, a positive correlation with the progression of 
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PDAC, have been established [1-5]. However, in other scholarly sources, high expression of 

EpCAM is associated with a good prognosis [6-8]. 

CSCs differ in the number of differentiated cellular features even in one tumor, which 

may cause different patterns of expression of these markers at different stages of progression 

and differentiation [5-8]. In addition, CD44 and EpCAM are also expressed in normal stem 

cells [6-7]. Thus, the study of the expression of cell surface markers at different degrees of 

PDAC differentiation is necessary for early diagnosis and prevention of metastasis and 

recurrence. 

The aim is to investigate the diagnostic significance of cell surface markers CD44 and 

EpCAM CSC at different degrees of PDAC differentiation to predict the course of the 

disease. 

Materials and methods. A comprehensive pathomorphological, histochemical and 

immunohistochemical (IHC) study of the operative material of 49 PDAC cases has been 

performed. Patients were divided into two groups: group 1 comprised patients with moderate 

(G2) degree of differentiation (26 cases), group 2 included patients with low (G3) degree of 

tumor differentiation (23 cases). The age of patients ranged from 39 to 83 years, the average 

age was 62.15 ± 2.34 years. The control group included autopsy material of the pancreatic 

gland (PG) of 10 deceased patients aged 56-73 years without clinical and morphological data 

of pancreatic disease. Research material: pieces of 10% formalin-fixed paraffin-embedded 

pancreatic tissue. Paraffin-embedded serial sections (4 μm) were dewaxed according to the 

standard scheme and stained with hematoxylin and eosin to study the histological structure of 

PDAC. The histochemical staining method (Masson-trichrome staining) was used to study the 

microscopic features of the PDAC stroma. 

Immunohistochemical (IHC) studies were performed on dewaxed and rehydrated 

serial sections (4 μm thick) according to standard methods, using primary antibodies against 

CD44 (Clone HCAM Ab-4) and epithelial specific antigen (EpCAM (Ab-9)). The sections 

were stained with Mayer's hematoxylin and embedded in the balm. The results of the IHC 

analysis were studied and evaluated using an Axioplan 2 microscope (Carl Zeiss, Germany), 

and sections were photographed (5 standardized microscopic fields of view (SMR), 

magnification x200) with an Axiocam 105 Color ZEISS digital camera (Germany). The 

expression levels of the studied IHC markers were assessed by photo-digital morphometry 

using the medical digital image processing software ImageJ, using the Color Deconvolution 

plug-in, and the color analysis scheme "HDAB" (hematoxylin + DAB) in automatic mode. To 

morphometrically measure the relative area of immunopositive cells (CD44 and EpCAM) in a 
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filtered DAB image channel, a standardized sensitivity threshold (Threshold tool) was set to 

segment the image; it divides all pixels into two types: white and black. The next step was to 

calculate the relative area occupied by immunopositive cells as a percentage of the number of 

pixels in the digital image of the positive IHC response to the total number of pixels in the 

image. The results were calibrated into three groups: low relative area of IHC-positive cells - 

0-25%, moderate - from 26% to 75%, and high - from 76% to 100% of the relative area of 

immunopositive stained cells. 

The results were statistically processed on a personal computer with "STATISTICA 

13.0" (StatSoft Inc., license No. JPZ804I382130ARCN10-J) software. The median (Me), 

lower and upper quartiles (Q1; Q3) were calculated. Comparative analysis in the study groups 

was performed using the Kruskal-Wallis criteria. Pearson's coefficient was used for 

correlation analysis. The results were considered statistically significant at a value of p <0.05. 

Results. Analysis of CD44 expression in both study groups revealed in 100% of cases 

diffuse membrane-cytoplasmic staining in stromal cells, characterized by a small nucleus and 

a shift of the nuclear-cytoplasmic ratio towards the cytoplasm. With moderate differentiation, 

CD44 expression was observed around small tubular and trabecular complexes. Besides, in 

tumors with a moderate degree of differentiation, single foci of partial membrane expression 

of CD44 were observed by cancer-altered cells of tubules and large trabeculae. At a low 

degree of differentiation, diffuse brown membrane-cytoplasmic expression of CD44 was 

observed in large cancer-altered trabeculae. The relative area of expression of the stem cell 

marker in group 1 was Me = 34.11% (Q1 = 31.03; Q3 = 38.39). In group 2, the expression 

level of Me = 43.17% (Q1 = 39.83; Q3 = 47.04), significantly higher than in 1 (Kruskal-

Wallis test p <0.05). In tumors with a moderate degree of differentiation, the minimum 

expression was 24.56%, the maximum - 48.62%. In tumors with a low degree of 

differentiation, the minimum expression of CD44 was 1.57 (38.47%) times higher than in 

group 1, the maximum was 56.61%. 

During the microscopic study of EpCAM expression, in contrast to CD44, no 

immunopositive EpCAM cells were detected in the stroma. In tumors with G2 degree of 

differentiation, diffuse brown membrane-cytoplasmic staining of EpCAM cancer-altered cells 

of small tubular complexes and large trabecular structures was observed in 100% of cases. 

The relative area of marker expression in this group was Me = 26.10% (Q1 = 20.42; Q3 = 

31.89). At G3 degree of differentiation, diffuse brown membrane-cytoplasmic staining of 

immunopositive cells in similar but larger structures was also observed at 100%. In addition, 

the difference in EpCAM expression was secured by layers formed by individual small 



233 

 

immunopositive cancer cells and detected in the periphery. The relative area of marker 

expression in this group was equal to Me = 31.07% (Q1 = 27.03; Q3 = 34.00) without a 

significant difference from 1 gr. (p> 0.05). The minimum level of EpCAM expression in 

tumors with a moderate degree of differentiation was 7.88%, which is three times less than in 

tumors with a low degree of 22.28%. The maximum level of marker expression in group 1 

was 40.54%, in group 2 - 39.06%. 

In both groups, the relative area of EpCAM was significantly lower than CD44 

(Kruskal-Wallis test, p <0.05). 

Correlation analysis (Pearson's ratio) showed a weak negative relationship between 

markers at G2 (r = -0.17, p> 0.05), and a weak positive one at G3 (r = + 0.06, p> 0.05). 

Discussion. Among all malignant processes, PDAC is aggressive [1-5]. The analysis is 

consistent with these data. Only moderate (G2 - 45.65%) and low (G3 - 54.35%) degrees of 

differentiation of PDAC with the predominance of a more aggressive form were found in the 

studied samples. It is believed that initiation and aggression are provoked by stem cells, which 

are a manifestation of the heterogeneity of malignant tumors, accounting for only 1-5% of all 

cancer cells [1-5]. Cell surface markers CD44 and EpCAM confirmed the presence of the 

corresponding cell subclone in PDAC. 

The analysis noted not only an increase in CD44 expression in PDAC, but also a 

redistribution of protein from stromal cells, more pronounced in G3 degree. A similar feature 

of marker expression has been described in low-grade adenocarcinomas of the bladder [13]. 

According to the literature, with the help of some signaling pathways, stromal cells support 

and promote CSC populations [14, 15, 16]. In particular, it is believed that carcinogenic 

fibroblasts (CAF) can interact with a certain CD44 cell surface protein, causing a malignant 

phenotype or initiating a tumor [16, 17]. In addition, CD44-positive CAFs increase the 

survival and resistance of malignant cells, and inhibit apoptosis, as confirmed, for example, in 

breast cancer [14]. Thus, CD44 expressed on CAF additionally serves as a functional 

molecule to support the CSC population in the tumor microenvironment. The revealed 

features of CD44 expression with protein redistribution in the stroma explain the special 

aggressiveness of PDAC. 

The results indicate a significant increase in the expression of the CD44 marker in G3 

(Kruskal-Wallis test, p <0.05), which also indicates a link between the marker and the 

aggressiveness of PDAC. Oncoprotein plays an important role in the adaptive plasticity of 

cancer cells [8, 9, 11]. Adaptive plasticity of cells is represented by the process of epithelial-

mesenchymal transition (EMT), as a result of which cells become more mobile, invasive, and 
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resistant to apoptosis [6-9, 11]. This plasticity of cells causes the recurrence of the tumor. 

Numerous studies indicate the survival of CD44 + cells after chemotherapy and radiotherapy 

and tumor repair at the expense of these cells [1-5]. 

The association of the CD44 cell surface marker responsible for cell adhesion, with 

EMT, when cell adhesion is lost, has been studied in some cancers characterized by the EMT 

phenotype. 

It is believed that the functional role of CD44 is pleiotropic, including the induction of 

EMT, and changes in the cellular cytoskeleton [2, 3, 11]. According to scientific studies, 

overexpression of CD44 leads to an increase in the phenotypes of mesenchymal cancer cells 

associated with EMT [6-8]. Moreover, cells that undergo EMT acquire not only mesenchymal 

but also stem properties, which was first proven in breast cancer [6-8, 11]. That is, EMT 

induces the expression of stem cell markers. High invasiveness and increased ability to 

metastasize CD44 + cancer cells are also associated with EMT. CD44 overexpression, 

according to the literature, may be due to loss of functional p53, leading to loss of control 

over the cell cycle and disruption of apoptosis [14]. 

Thus, the results are consistent with the literature on the critical role of CD44 in the 

initiation, progression, malignancy, recurrence and resistance of PDAC and can be used as a 

diagnostic marker of CSC PDAC. 

According to the literature, the use of combinations of cell surface markers is proposed 

to improve the quality of CSC identification [1-5]. Therefore, despite the informativeness of 

CD44, its expression was analyzed in combination with another marker - EpCAM. The 

obtained expression of EpCAM also indicates a small percentage of CSC in PDAC. The area 

of EpCAM-positive cells was significantly lower than CD44 + in both study groups (p <0.05). 

Research has shown a partial association between EpCAM expression and EMT [6-9]. As a 

molecule of epithelial-cell adhesion, the marker plays an active role in the pathological 

processes of cell proliferation, polarity, and mobility. In addition, the value of EpCAM in the 

progression of PDAC is associated with its suppressive effect on immune cells in the tumor 

[8,9]. Accordingly, as stated in the literature sources, marker expression correlates with the 

degree of tumor differentiation [1-5]. The presence of individual small immunopositive 

cancer cells on the periphery of the layers may manifest EMT, which these cells undergo, and 

indicate their greater aggressiveness. There was no significant difference in the marker 

depending on the degree of differentiation in the studies, but the minimum was three times 

higher at G3. However, there is evidence of an increase in the proportion of cell surface 

markers, including CD44 and EpCAM, with tumor aggressiveness. In studies with G2, CD44 
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1.3 times exceeds EpCAM, in G3 this ratio increases to 1.4. In addition to data on the 

stimulating role of EpCAM in PDAC, the literature provides data on the inhibitory effect of 

the marker on the tumor process [2-4]. This may be due to the lack of a significant increase in 

EpCAM with the increasing aggressiveness of the process. 

Correlation analysis found a weak negative relationship with a moderate degree of 

differentiation (r = -0.17, p> 0.05) and a weak positive relationship with a low (r = + 0.06, p> 

0.05) one. Nonlinear change of markers in the literature is associated with aggressiveness and 

tumor progression, which may be due to phenotypic and functional diversification of CSC 

PDAC. 

Conclusions: 

1. CSCs play a critical role in PDAC initiation, progression, and aggression. 

2. Pancreatic ductal adenocarcinoma is characterized by a moderate level of 

expression of cell surface markers (CSC) – CD44 and EpCAM. 

3. Decreased level of differentiation is accompanied by a significant increase in CD44 

expression and a slight increase in EpCAM expression. 
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