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ABSTRACT 

Background: Cancer stem cells, also known as tumor-initiating cells, are suggested to 

be responsible for drug resistance and cancer development due in part to their ability 

to self-renew themselves and differentiate into heterogeneous lineages of cancer cells. 

Objective: This study was designed to investigate the role of cancer stem cells in 

pancreatic cancer. Methods: A retrospective clinicopathological analysis was 

undertaken in 112 patients diagnosed with pancreatic ductal adenocarcinoma between 

2005 and 2010, and immunohistochemistry was performed with antibodies against 

CD133, CD24, and OCT4. Positive nuclear, cytoplasmic or membrane staining for 

each antibody was rated on staining intensity, being classified into low/moderate or 

strong staining groups. Results were analyzed relative to each patient’s 

clinicopathological parameters. Results: There was an established relationship 

between the staining of the markers with some variables associated with worse 

prognosis, being the three markers present in most tumor cells and associated with 

tumor progression. We suppose that cancer stem cells are present from the beginning 

of tumor initiation and are intrinsically related to tumor development. Although the 

presence of stem cells has been associated with molecular biology of various tumors, 

their expression in pancreatic cancer has not yet been clinically reported. Conclusion: 

The presence of stem cells and their role in pancreatic cancer tumorigenesis may be 

considered as valuable prognostic factors, although the mechanism involved needs 

further investigation. Increasing insights into role of cancer stem cells and 

carcinogenesis can ultimately generate new ideas for molecularly based diagnostic 

and therapeutic approaches. 

Keywords: Cancer stem cells, pancreatic cancer, AC133 Antigen, CD24 Antigen, 

OCT4. 

INTRODUCTION 

Despite progress in cancer diagnosis and treatment over the past decades, it remains 

one of the most common causes of death worldwide. While potentially curable when 

diagnosed early, early diagnosis remains a challenge in daily clinical practice. Many 
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cancers are diagnosed at a late stage, when therapeutic options are no longer effective 

(BARBOSA et al., 2018). 

Pancreatic ductal adenocarcinoma (PDAC) is a highly aggressive disease usually 

diagnosed in an advanced stage and for which few effective therapies are available. It 

is a neoplasm whose incidence is almost equal to its mortality. The reason why 

pancreatic cancer has such a poor prognosis and why it has such a low therapeutic 

response to chemotherapy and radiotherapy are questions that have motivated the 

search for an answer that can modify the course of this disease. Despite advances in 

surgical techniques, which today are considered the only curative option, the average 

5-year survival rate is less than 5% (1-3%) (BARBOSA et al., 2018; SOTO et al., 2006). 

It is considered the neoplasia with the worst prognosis out of more than 60 types of 

cancers, a fact evidenced by its incidence rate almost equaling the mortality rate 

(SAKORAFAS et al., 2000). It should be noted that early cancer detection, at a stage 

that can still be cured, is associated with greater therapeutic effectiveness and is 

currently one of the ways to improve the outcome of patients diagnosed with pancreatic 

cancer (ALLEGRA; TRAPASSO, 2012). 

The molecular biology of pancreatic cancer is directly related to its rapid progression 

and low therapeutic response. It is well-documented that the appearance of a tumor 

cell is the result of an accumulation of mutations in its DNA capable of morphologically 

and functionally altering its normal properties (FANG et al., 2013; RICCI-VITIANI et al., 

2007). The triggering of this process and its molecular evolution, culminating in the 

formation of the tumor cell and its pertinent characteristics, characterize the process of 

carcinogenesis. It is well-understood in the literature that the development of a 

neoplasia involves a set of molecular changes that lead not only to the emergence and 

survival of a tumor cell, but to its ability to invade adjacent tissues and form distant 

metastases (LI; JIAO, 2003). 

Among the processes most recently implicated in carcinogenesis and tumor 

progression, changes in cancer stem cells (CSCs) are still poorly studied in pancreatic 

cancer with no satisfactory results, and they are deserving of greater efforts in 

elucidating their effects and relationship in acquiring a pancreatic malignant 
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phenotype. Recent evidence has suggested that CSCs play a crucial role not only in 

the generation and maintenance of different tissues, but also in the development, 

progression, and therapeutic resistance of different tumor types (BALIC et al., 2012). 

CSCs belong to a differentiated group of cells within a tumor with self-renewing and 

differentiating properties, similar to normal stem cells, giving rise to heterogeneous 

tumor cell lines that form one tumor. They can divide and originate several cells that 

make up tumors, thus perpetuating their growth and offering resistance to 

chemotherapy by mechanisms not yet well-understood. Because of this, they 

represent an important research target (TAI, 2005). 

The intrinsic aggressiveness of pancreatic cancer, with its high capacity for local 

invasion, high metastatic potential, late diagnosis, and therapeutic resistance, seems 

to be partly related to the population of CSCs that make up these tumors (HU; FU, 

2012). Furthermore, it has been shown that PDAC contains not only a homogeneous 

population of CSCs, but diverse subpopulations that may be involved in tumor 

progression. Until now, identified pancreatic CSCs constitute a minority of tumor 

component cells (about 1-5%), and have a high capacity for self-renewal (ANSARI et 

al., 2012). The most important clinical aspect, however, is that these CSCs are highly 

resistant to chemotherapy and radiotherapy, resulting in resistance and rapid 

recurrence of the disease. Currently, one of the great challenges of oncology is 

identifying and studying the characteristics of these CSCs, especially in PDAC, in 

which few discoveries have been made (KOBAYASHI; NORONHA, 2015). 

MATERIALS AND METHODS 

CASE SELECTION AND TUMOR SAMPLES 

The tissue samples were from a cohort of 112 consecutive pancreatic cancers 

diagnosed from 2005 to 2010, selected from the routine care of Hospital de Clínicas 

de Porto Alegre (HCPA), by the Department of Pathology and Group of Biliary Tract 

and Pancreas. Immunohistochemical analyses were performed in paraffin-embedded 

tissue blocks already stored in the Department of Pathology of HCPA, after approval 
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by the Scientific Committee and the Committee on Ethics in Health Research of the 

institution. The following variables were recorded from medical records: age, sex, 

tumor grade, lymph node status, occurrence of metastasis, treatment received (type of 

surgery, radiation therapy, and chemotherapy), disease free-survival, and overall 

survival. 

TISSUE MICROARRAY (TMA) IMMUNOHISTOCHEMICAL ANALYSIS 

Tissue Microarray (TMA) array is a technique first described by Kononen et al. (1998) 

and is a great tool for investigative pathology. It is about grouping in a single block a 

reasonable number of tissue samples, thus allowing the study of immunohistochemical 

expression of molecular markers, with great use of the material, presence of internal 

control, and time and cost effective. This technique also allows the standardization of 

reactions, efficient representativeness through the use of different areas of the tumor, 

study of large numbers of samples simultaneously, ease of interpretation and large-

scale research of prognostic or predictive factors of cancer (Figure 1). 

Fig. 1. Exemplifies some tumor tissue samples included in the study by the TMA 

technique 

 

 

https://www.nucleodoconhecimento.com.br/
https://www.nucleodoconhecimento.com.br/health/pancreatic-cancer
https://www.nucleodoconhecimento.com.br
https://www.nucleodoconhecimento.com.br/wp-content/uploads/2020/10/figure-1.png


REVISTA CIENTÍFICA MULTIDISCIPLINAR NÚCLEO DO 

CONHECIMENTO ISSN: 2448-0959 

https://www.nucleodoconhecimento.com.br 

 

RC: 61577 
Disponível em: https://www.nucleodoconhecimento.com.br/health/pancreatic-cancer  

STATISTICAL ANALYSIS 

To verify the association between immunohistochemical variables and 

immunoreaction intensity with the characterization variables of individuals, a non-

parametric approach was used with Fisher's exact test. To verify the association of the 

numerical variable age with immunohistochemical variables and intensity, the Mann-

Whitney U test was used. 

The association between stem cell markers and different clinicopathological 

characteristics of patients [including age, sex, tumor differentiation, stage, Tumor-

Node-Metastasis (TNM) category, and tumor resection] was evaluated by Pearson’s 

correlation coefficient or χ2 tests as appropriate. For intensity, the categories were 

dichotomized into low/moderate intensity (0-2+) or high intensity (≥3+). 

The Kaplan-Meier method was used for estimating the probability of survival. Survival 

curves were compared using the log-rank test, which asserts under the null hypothesis 

that survival functions do not differ from each other. 

Overall survival time was measured from the time of surgery or biopsy to either the 

date of death (as a result of any cause) or to the last follow-up. Disease-free survival 

time was measured from the date of histological diagnosis or surgery to the date of the 

first disease-free failure event (defined as locoregional relapse), distant disease, or 

death as a result of any cause. Significance was established at P < 0.05. All statistical 

analyses were performed using R (version 3.6.0). 

RESULTS 

Immunohistochemical analyses indicated the presence of tumor stem cell surface 

markers for the three antibodies analyzed in PDAC cells. A total of 112 patients with 

pancreatic cancer were included in this study: 59 (52.6%) males and 53 (47.4%) 

females, with a median age at diagnosis of 63 years (range, 36-93 years, SD ± 10.3) 

and a median post-diagnosis follow-up period of 16.2 months. 
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There was no significant difference between sexes when comparing antibody signal 

intensity. Fifty patients (48.08%) died during the follow-up period. 

Among all patients included, 16 (15.2%) were in pathologic stage I, 32 (30.4%) were 

in pathologic stage II, 25 (23.8%) were in pathologic stage III, and 32 (30.4%) were in 

pathologic stage IV. In cases where information on tumor grade was available, 2.8% 

of carcinomas were well-differentiated, 62.8% were moderately differentiated, and 

34.2% were poorly differentiated. 

Regarding the TNM stage, 11.2% were T1 (tumor smaller than 2 cm), 38.3% were T2 

(tumor larger than 2 cm or invading neighboring tissues), 19.6% were T3 (tumor of any 

size invading nearby tissues, but without compromising the celiac plexus or superior 

mesenteric artery), 21.5% were T4 (tumor of any size compromising vital organs and 

celiac plexus or superior mesenteric artery), and 9.3% were Tx (extent of the tumor is 

unknown). For lymph node involvement, 31.7% were in stage N0 (no lymph node 

metastasis), 31.7% were N1 (regional lymph node metastasis), 6.5% were N2 (more 

than one affected lymph node chain), and 29.9% were Nx (not evaluable). Regarding 

the presence of metastasis, 66.6% were in stage M0 (no distant metastases), 30.2% 

were M1 (distant metastasis), and 3.6% were Mx (not evaluable). 

About 75.9% of samples were obtained from pancreatic tumor tissue, and about 26% 

were from metastasis samples, with the liver (65.7%) being the most affected site, 

followed by the lymph nodes (14.2%), peritoneum (8.5%), and others (11.4%). 

Palliative treatment was given to 68 individuals, or 76.40% of the total number of 

people analyzed. 

Regarding the location of the tumor, 81.6% of tumors were located in the head of the 

pancreas, 22.9% in the body, and 6.4% in the tail. 

Table 1 summarizes the general descriptive analysis of the individuals involved in the 

study. 
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Table 1. General Descriptive Analysis 

Variables N % 

Sex     

Female 53 47.4 

Male 59 52.6 

Age     

35-59 years 37 33.9 

60-69 years 39 35.8 

70-93 years 33 30.3 

Death (n=104)     

No 54 51.9 

Yes 50 48.1 

Surgical treatment (n=108)     

Palliative 42 38.9 

Partial surgery 19 17.6 

DPT# 47 43.5 

Surgical treatment (n=89)     

No 21 23.6 

Yes 68 76.4 

Tumor differentiation (n = 105)     

Well differentiated 3 2.9 

Moderate differentiated 66 62.8 

Poor differentiated 36 34.3 

Specimen/Sample (n=108)     

Metastasis 26 24.1 

Pancreas 82 75.9 

Tumor pathologic stage T (n=107)     

T1 12 11.2 

T2 41 38.3 

T3 21 19.6 
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T4 23 21.5 

TX 10 9.4 

Tumor pathologic stage N (n= 107)     

N0 34 31.8 

N1 34 31.8 

N2 7 6.5 

NX 32 29.9 

Tumor pathologic stage M (n = 109)     

M0 72 66.1 

M1 33 30.2 

MX 4 3.7 

Tumor pathologic general stage (n=105)     

1 16 15.2 

2 32 30.5 

3 25 23.8 

4 32 30.5 

MTX (n=35)     

    Liver 23 65.7 

    Lymph Nodes 5 14.3 

    Peritoneum 3 8.6 

    Others 4 11.4 

Location: Tumor Head     

    Yes 89 81.7 

Location: Tumor Tail     

    Yes 7 6.4 

Location: Tumor Body     

Yes 25 22.9 

Total  112 100.0 

#DPT: Duodenopancreatectomy 
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CD133 IMMUNOSTAINING IN CANCER STEM CELLS IN 

PANCREATIC DUCTAL ADENOCARCINOMA CELLS 

CD133 immunostaining was present in the plasma membrane and cytoplasm at 

moderate to strong intensity (Figures 2C and 2D), with a predominantly strong 

intensity. A positive or negative reaction was confirmed with the positive control 

(placenta) used in the study. No CD133 immunoreactivity was observed in normal 

pancreatic ductal epithelium (Figure 2). 

Fig. 2. Immunohistochemical analysis of Cancer stem cells markers in TMA pancreatic 

cancer samples. (2A, 2B) CD24 expression was observed mainly in the cytoplasm of 

tumour cells. (2C, 2D) CD133 expression was observed mainly in the membrane and 

cytoplasm of tumour cells, rarely nuclear. (2E, 2F) OCT4 expression was observed in 

the nucleo of tumour cells, with a focal expression and strong intensity. Lowest 

magnifying field (40x) are represented in the global panel and highest magnifying field 

(100x) in the reduced panel. 
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Regarding surgical treatment, 95.1% of patients undergoing treatment 1 (bileodigestive 

shunt) were CD133-positive, 70.0% of patients undergoing treatment 2 (partial 

surgery) were CD133-positive, and 81.2% of patients undergoing treatment 3 (total 

duodenopancreatectomy) were CD133-positive. There was a significant association (P 

= 0,019) between surgical treatment and CD133 signal. In addition to surgical 

treatment, only the sample type was significantly associated with CD133 signal, at a 

5% significance level. 

The degree of tumor differentiation (good, moderate, or poor) showed no significant 

association with positive CD133 immunostaining, although it was observed that as the 

tumor grade progressed, the staining intensity increased (83.7% in poorly differentiated 

tumors). There was also no significant association between TNM staging and positive 

CD133 immunostaining, but in later stages the labeling intensifies, even though the 

presence of CSCs from the earliest stages is observed here. This corroborates the 

hypothesis that the CSCs have been present since the beginning of the carcinogenesis 

process. 

Table 2 shows the descriptive analysis of the variables together with the verification of 

their association with CD133 immunoreactivity, given by Fisher's exact test. 

Table 2. Association of variables with positive CD133. 

  IHC CD133 positive p-value* 

No Yes 

N % N % 

Sex         1,000 

Female 8 15.1 45 84.9   

Male 9 15.5 49 84.5   

Age         1,000 

35-59 years 6 16.2 31 83.8   

60-69 years 6 15.0 34 85.0   

70-93 years 5 14.7 29 85.3   
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Death (n=106)         0,192 

No 6 11.1 48 88.9   

Yes 11 21.1 41 78.9   

Surgical Treatment (n=109)         0,019 

Palliative 2 4.9 39 95.1   

Partial Surgery 6 30.0 14 70.0   

DPT# 9 18.7 39 81.3   

Palliative Treatment (n= 91)         0,474 

No 4 18.2 18 81.8   

Yes 8 11.6 61 88.4   

Degree of Differentiation (n=107)         0,084 

Well differentiated 2 66.7 1 33.3   

Moderate differentiated 9 13.4 58 86.6   

Poor differentiated 6 16.2 31 83.8   

Specimen/sample (n=107)         0,028 

Metastasis 7 29.2 17 70.9   

Pancreas 9 10.9 74 89.2   

Stage T (n=109)         0,587 

T1 3 25.0 9 75.0   

T2 5 12.5 35 87.5   

T3 4 19.0 17 81.0   

T4 2 8.0 23 92.0   

TX 2 18.2 9 81.8   

Stage N (n=109)         0,830 

N0 4 11.4 31 88.6   

N1 6 17.6 28 82.4   

N2 1 16.7 5 83.3   

NX 5 14.7 29 85.3   

Stage M (n=106)         0,132 

M0 8 11.3 63 88.7   

M1 9 25.7 26 74.3   
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MX 0 - 5 100.0   

General stage (n=107)         0,133 

1 2 12.5 14 87.5   

2 5 15.6 27 84.4   

3 1 4.0 24 96.0   

4 9 26.5 25 73.5   

MTX (n=34)         0,645 

Liver 7 30.4 16 69.6   

Lymph Nodes 3 60.0 2 40.0   

Peritoneum 1 25.0 3 75.0   

Others 1 20.0 4 80.0   

Location: Tumor Head         0,186 

Yes 12 13.2 79 86.8   

Location: Tumor Tail         0,071 

    Yes 3 42.9 4 57.1   

Location: Tumor Body         1,000 

Yes 4 16.0 21 84.0   

*Fisher’s Exact Test 

#DPT: Duodenopancreatectomy 

Table 3 show the p-values and associations of variables with intensity when CD133 

staining was positive. By Fisher's exact test (P = 0,036), only stage M showed a 

significant association with intensity of CD133; that is, tumors that have already 

metastasized are strongly stained for CD133. 

Table 3. P-values of association with intensity.  

  

Variables 

  

Groups 

p-value* 

IHC CD133 

– 

IHC CD24 – IHC OCT4 –  
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Intensity 

when 

positive 

Intensity 

when 

positive 

Intensity 

when 

positive 

  

Sex 

Female 0,222 0,438 0,619 

Male 

  

Death 

No 1,000 0,235 0,627 

Yes 

  

Surgical 

Treatment 

Palliative 0,815 0,732 0,620 

Cir. Partial 

DPT# 

  

Palliative 

Treatment 

No 0,136  0,027 0,619 

Yes 

  

Degree of 

Differentiation 

Well differentiated 0,266 0,442 0,407 

Moderate 

differentiated 

Poor differentiated 

Specimen/Sample Metastasis 0,848 0,201 0,488 

Pancreas 

  

  

Stage T 

T1 0,611 0,992 1,000 

T2 

T3 

T4 

TX 

  

Stage N 

N0 0,560 0,920 0,180 

N1 

N2 

NX 
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Stage M 

M0  0,036 0,350 0,078 

M1 

MX 

  

General Stage 

1 0,337 0,380 0,218 

2 

3 

4 

  

MTX 

Liver 0,094 0,037 1,000 

Peritoneum 

Lymph Nodes 

Others 

*Fisher’s Exact Test 

#DPT: Duodenopancreatectomy 

CD24 IMMUNOSTAINING IN CANCER STEM CELLS IN PANCREATIC 

DUCTAL ADENOCARCINOMA CELLS 

CD24 immunostaining (Figures 2A and 2B) was present in the plasma membrane and 

cytoplasm at both weak/moderate (41.6%) and strong (58.3%) intensities, but at a 

weaker intensity when compared to CD133 (Figures 2C and 2D). The positive and 

negative reactions were confirmed with the positive control (placenta) used in the 

study. Table 4 shows the descriptive analysis of the variables together with the 

verification of their association with CD24 positivity, given by Fisher's exact test. A 

positive CD24 signal was seen in 98.3% of males, but there was no association 

between sex and CD24 positivity (P = 0,343). Only the type of sample collected and 

palliative treatment were significantly associated with CD24 signal, at a 5% 

significance level (P = 0,010 and 0,042 respectively). 

Table 4. Association of variables with positive CD24.  

  IHC CD24 positive p-value* 
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No Yes 

N % N % 

Sex         0,343 

Female 3 5.7 50 94.3   

Male 1 1.7 58 98.3   

Age         0,159 

35-59 years 3 8.1 34 91.9   

60-69 years 0 - 40 100.0   

70-93 years 1 2.9 34 97.1   

Death (n=107)         0,618 

No 3 5.4 52 94.6   

    Yes 1 1.9 51 98.1   

Surgical Treatment (n=110)         0,399 

Palliative 3 7.1 39 92.9   

Partial Surgery 0 - 20 100.0   

DPT# 1 2.1 47 97.9   

Palliative Treatment (n=91)         0,042 

No 3 13.6 19 86.4   

Yes 1 1.4 68 98.6   

Degree of Differentiation (n=108)         1,000 

Well differentiated 0 - 3 100.0   

Moderate differentiated 3 4.4 65 95.6   

Poor differentiated 1 2.7 36 97.3   

Specimen/sample (n=108)         0,010 

Metastasis 1 4.0 23 95.9   

Pancreas 2 2.4 82 97.6   

Stage T (n=110)         0,705 

T1 0 - 12 100.0   

T2 1 2.4 40 97.6   

T3 1 4.8 20 95.2   

T4 1 4.0 24 96.0   
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TX 1 9.1 10 90.9   

Stage N (n=110)         0,881 

N0 1 2.9 34 97.1   

N1 2 5.9 32 94.1   

N2 0 - 7 100.0   

NX 1 2.9 33 97.1   

Stage M          1,000 

M0 3 4.2 69 95.8   

M1 1 2.9 34 97.1   

MX 0 - 5 100.0   

General Stage (n=108)         0,913 

1 1 6.2 15 93.8   

2 1 3.1 31 96.9   

3 1 3.8 25 96.2   

4 1 2.9 33 97.1   

MTX (n=37)         1,000 

Liver 1 4.3 22 95.7   

Lymph Nodes 0 - 5 100.0   

Peritoneum 0 - 4 100.0   

Others 0 - 5 100.0   

Location: Tumor Head         0,550 

Yes 3 3.3 89 96.7   

Location: Tumor Tail         1,000 

    Yes 0 - 7 100.0   

Location: Tumor Body         1,000 

Yes 1 4.0 24 96.0   

*Fisher’s Exact Test 

#DPT: Duodenopancreatectomy 
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No CD24 immunoreactivity was observed in normal pancreatic ductal epithelium. A 

positive CD24 signal was seen in 98.6% of patients undergoing palliative treatment, 

which was significant (P = 0,042). Due to their advanced tumor staging, they had a 

stronger CD24 signal compared to individuals who underwent total 

duodenopancreatectomy. The CD24 signal was stronger in individuals who underwent 

palliative treatment as a treatment option (98.6%) when compared to those who did 

not (13.6%). 

The degree of tumor differentiation and staging showed no significant association with 

CD24-positive staining, nor were there significant differences between poorly 

differentiated or advanced-stage tumors compared to well-differentiated and early-

stage tumors with respect to positive CD24. 

Table 3 show the association of variables with intensity when CD24 was positive. Only 

the presence of metastasis (MTX) was significantly associated with intensity, where 

the liver and peritoneum showed a strong positivity when compared to metastasis in 

other sites, such as lymph nodes and other tissues. 

OCT4 IMMUNOSTAINING IN CANCER STEM CELLS IN PANCREATIC 

DUCTAL ADENOCARCINOMA CELLS 

OCT4 immunostaining showed a different pattern in relation to the other antibodies 

tested. The frequency of positive cases was not as high as observed with the other two 

antibodies tested, but when positive, its intensity was very strong (Figures 1E and 1F). 

Immunostaining occurred in the tumor cell nucleus in 31.5% of the cases and did not 

stain 68.7% of the tumors analyzed. No OCT4 immunoreactivity was observed in 

normal pancreatic ductal epithelium. No variable was significantly associated with 

OCT4 signal, at 5% significance level. The mean age of the OCT4-positive group was 

62.62 years, and 63.23 years in the OCT4-negative group. However, there was no 

significant difference between the groups regarding age (P = 0,547). 

Although not statistically significant, an interesting finding from the OCT4 staining 

analysis is that the more differentiated the tumor, the greater the staining intensity, 
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while poorly differentiated tumors had low staining intensity (66.6% vs 21.6%). Cells 

positive for OCT4 have greater potential for differentiation. 

SURVIVAL ANALYSIS 

About survival curves and their relation to the three markers, all groups presented very 

similar curves, so that the log-rank test does not indicate any significant difference 

between the curves regarding positive signals from the three antibodies. The Kaplan-

Meier curves for CD133, CD24, and OCT4 intensity, confirmed by the log-rank test p-

values, none of the survival curves differ significantly with respect to intensity. 

Therefore, the positivity of the markers does not alter the survival of patients included 

in the study. 

DISCUSSION 

CSCs have recently been associated with cancer progression and used to identify the 

prognostic factors and targets for therapy in several types of cancer (DEAN et al., 

2005). It is notable that the role of CSCs is not well understood or characterized in 

pancreatic cancer. Moreover, few reports have been published on the patterns and 

effects of the presence of CSCs. Considering this lack of data, we retrospectively 

analyzed the expression of CSCs in samples of pancreatic cancer using 

immunohistochemistry and verified its role in tumor progression and therapeutic 

resistance in ductal pancreatic adenocarcinoma. 

The molecular biology of pancreatic cancer is directly related to its rapid progression 

and low therapeutic response. It is well documented that the appearance of a tumor 

cell is the result of an accumulation of mutations in its DNA capable of morphologically 

and functionally altering it (FANG et al., 2013; RICCI-VITIANI et al., 2007). The trigger 

of this process and all its evolution, culminating in the formation of the tumor cell and 

its pertinent characteristics, characterize the carcinogenesis process, is already 

significantly elucidated for several types of neoplasias. However, for certain types of 

cancer such as pancreatic cancer, the process remains uncertain (KOBAYASHI; 

NORONHA, 2015). 
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Most malignant tumors follow a natural history that can be divided into four stages: 

malignant transformation, tumor cell growth, local invasion, and metastasis. The 

process of carcinogenesis, or malignant transformation, occurs in various stages and 

results due to the accumulation of genetic changes and mutations, which are triggered 

by several factors, including environmental factors such as radiation and chemicals 

(AYOB; RAMASAMY, 2018). However, for this process of carcinogenesis to progress, 

it may be necessary to have certain cells with the stem cell characteristics, such as the 

potential for self-renewal and regeneration, as well as a high proliferative index. 

Recent evidence suggests that stem cells play a crucial role in not only the generation 

and maintenance of different tissues but also the development and progression of 

certain types of tumors (BALIC et al., 2012). For several solid tumors, they have been 

shown to harbor a distinct subpopulation of tumor cells that have stem cell 

characteristics and are therefore called tumor stem cells (CTTs) or tumorigenic cells 

(MATSUDA et al., 2012). Cancer stem cells appear to be able to initiate and drive 

tumour growth in solid tumours. CD133, CD24 and OCT4 are recently reported 

prospective markers for CSCs, expressed in a variety of tumours; however, to our 

knowledge, no attempt has been made to detect their expression in pancreatic cancer 

specimens (MAEDA et al., 2008). 

It can be observed that tumor stem cells, or tumor stem cell surface markers such as 

CD133, CD24, and OCT4 are present in pancreatic cancer tumor cells, confirming the 

intrinsic relationship between the pancreatic malignant phenotype and the presence of 

stem cells. No significant difference was observed between antibody expression and 

the degree of tumor differentiation, assuming that tumor stem cells have been present 

since tumor initiation. It should be noted that for CD133 and CD24 antibodies, the 

percentage of marker-expressing tumor cells increased as the tumor progressed. 

Hence, the more aggressive, poorly differentiated tumors exhibited greater positivity 

for the presence of the antibody. While on the other hand, the expression of the OCT4 

antibody was higher and more intense in well-differentiated tumors; thus, the more 

differentiated the tumor, the greater the labeling. Cells that have the stem cell marker 

for the OCT4 antibody have a higher potential for differentiation (VILLODRE et al., 
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2016). This may be the reason why OCT4 differed in terms of expression from the 

other markers that were tested, although these differences were not statistically 

significant. 

OCT4 marker is only present focally in tumor samples that were positive. This find is 

in agreement with the theory that CSCs represent only a very small portion of the total 

tumour cell population (PHI et al., 2018). For example, CD133 positive cells were 

detected in 0.7-6.1% (RICCI-VITIANI et al., 2007), 1.8-24.5% (O’BRIEN et al., 2007) 

of primary colon cancer cells, and in 0.7-3.2% of primary pancreatic cancer cells using 

flow cytometric analysis (HERMANN et al., 2007). Immunohistochemical staining 

revealed CD133 expression in 1-3% of hepatocellular carcinoma specimens (MA et 

al., 2007). 

Although labeling and expression were observed with a relatively high frequency in all 

degrees of tumor direction, for example, tumors expressed labeling for cancer stem 

cells regardless of the degree of differentiation, some findings favor the hypothesis that 

the number of stem cells in tumors is larger in tumors with more aggressive behavior 

and with worse prognosis. This hypothesis is supported by the fact that CD133 was 

more frequently expressed in individuals who underwent only palliative treatment 

(95.1%) with a significant association (p-value < 0.05) between the presence of 

antibody and palliative treatment. When it is reported that a patient underwent only 

palliative treatment, it is assumed that the tumor was at a significantly advanced stage 

and with no possibility of curative surgical intervention and therefore only palliative 

treatment was performed. Similarly, it can be overstated that the more aggressive 

tumors at later stages express greater labeling for the CD133 tumor stem cell antibody. 

Several clinical studies have investigated the relationship between the CD133 

expression and clinical outcomes of tumors; however, the results are controversial. For 

example, CD133 expression is related to the poor prognosis of colon cancer and 

hepatocarcinoma (CAI et al., 2018). 

Regarding the TNM stage, the labeling of the three antibodies (CD133, CD24, and 

OCT4) did not change along the progression. It is notable that the tumor stem cells 

were present from the earliest stage and that they do not enlarge during the staging. 
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The prevalence of the three antibodies and their associations with the variables was 

generally high, although not all the antibodies had a significance level lower than P < 

0.05. 

All the variables that contributed to an unfavorable prognosis, such as the location of 

the pancreatic head tumor, advanced age, and the presence of metastases were all 

associated with high prevalence especially for the expression of CD133 and CD24. 

Additionally, this corroborated with the idea that tumor stem cells when present are 

associated with rapid tumor progression and therapeutic resistance. Cancer stem cells 

have certain characteristics similar to those of normal organism stem cells, such as the 

ability to self-regenerate and pluripotency, giving rise to heterogeneous tumor cell lines 

that form the same tumor (TAI et al., 2005). Cancer stem cells are likely to share many 

of the properties of normal stem cells that provide for a long lifespan, including relative 

quiescence, resistance to drugs and toxins through the expression of several 

transporters, an active DNA-repair capacity and a resistance to apoptosis. Therefore, 

tumours might have a built-in population of drug-resistant pluripotent cells that can 

survive chemotherapy and repopulate the tumour (MARQUES et al., 2010). 

In order to define if CSCs predicted the clinical outcome, we performed Kaplan-Meier 

survival analysis and showed that the groups presented very similar curves. Hence, 

the log-rank test does not indicate significant difference between the curves regarding 

the presence of the three antibodies. Although they are associated with worse 

prognostic variables such as metastasis and palliative treatment therapeutic options, 

no association can be made between the presence of tumor stem cells and patient 

survival in this case; therefore, the presence of CSCs does not predict worse survival. 

The discovery of cancer stem cells in solid tumours has changed our view of 

carcinogenesis. That tumor stem cells are involved in tumor development and 

progression is a fact, since their presence were significant in the vast majority of tissues 

analyzed and, recently, many studies have associated the presence of tumor stem 

cells with the development of several types of cancer. 
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FINAL CONSIDERATIONS 

The process of tumorigenesis, as far as the subject is known until now, involves the 

progressive acquisition of multiple aberrant mutations that culminate in the expansion 

and proliferation of more aggressive cell subpopulations, contributing to tumor 

progression and growth. Although this theory is well established, the identification of 

cells that are capable of causing the tumor progression is still the subject of many 

studies to better characterize the carcinogenesis process and identify these cells. 

Much of the information we obtain and use for the diagnosis, prognosis, and treatment 

of pancreatic neoplasms derives from heterogeneous populations with varying degrees 

of maturation and differentiation. It is becoming increasingly urgent to characterize the 

CSCs for the evaluation and characterization of the carcinogenic route of the most 

aggressive tumors. The direct consequence is the development of therapeutic 

strategies that can act on CSCs and the possibility to determine, by an easily 

accessible method, which patients will benefit most from this type of treatment. 
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