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 ALDH1A1 and SOX2 are potential markers to assess the presence of 

Cancer Stem Cells (CSC) in cervical carcinoma. The purpose of this study 

was to determine the differences in the immunoexpression of ALDH1A1 

and SOX2 in High-grade Squamous Intraepithelial Lesion (HSIL) and 

Cervical Squamous Cell Carcinoma (CSCC). The research design used was 

a cross-sectional observational analysis using paraffin blocks of patients 

diagnosed as HSIL and CSCC during the period 2013-2020 at the 

Department of Anatomical Pathology, Dr. Hasan Sadikin Hospital, 

Bandung. A total of 62 samples consisted of 31 cases of HSIL and 31 cases 

of CSCC. Immunohistochemistry staining of ALDH1A1 and SOX2 was 

performed on all samples. The data is then processed through the SPSS 

version 24.0 program for windows. The result of the study was that high 

ALDH1A1 immunoexpression was found in the CSCC group (77.5%), 

while ALDH1A1 immunoexpression was low in the HSIL group (58.1%) 

with p-value = 0.006. High SOX2 immunoexpression was found in the 

CSCC group (83.9%), while low SOX2 immunoexpression was found in 

the HSIL group (41.9%) with p-value = 0.030. The high ALDH1A1 

histoscore group had an OR of 5,106 for CSCC compared to the low 

ALDH1A1 histoscore group. The high SOX2 histoscore group had an OR 

of 4,140 for CSCC compared to the low SOX2 histoscore group. This 

relationship was statistically significant with a p-value < 0.05. The 

conclusion is that the increased ALDH1A1 and SOX2 immunoexpression 

may indicate the development of HSIL. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Cervical carcinoma is an epithelial malignancy of the female reproductive system originating from the cervix. 

Cervical Squamous Cell Carcinoma (CSCC) is one of the most common types of cervical cancer, accounting 

for 70-80% [9]. Squamous cell carcinoma is an invasive epithelial tumor consisting of squamous cells with 

various degrees of differentiation [23]. The incidence of cervical cancer is increasing every year, 

GLOBOCAN data in 2018 states that the incidence of cervical cancer has increased to 570,000 new cases 

and ranks fourth most cases in women in the world after breast, lung and colorectal cancer. Cervical cancer 
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also ranks fourth to contribute in women’s deaths throughout the world with the number of cases reaching 

311,000 cases. In Indonesia, the number of new cases of cervical cancer in 2018 amounted to 32,469 cases 

and ranks second in terms of incidence after breast cancer. In calculating the number of cases of mortality, 

cervical cancer in Indonesia ranks third after lung cancer and breast cancer with a total of 18,279 cases [3]. 

 

Many factors are associated with the development of cervical cancer, such as smoking, immunosuppression, 

oral contraceptives use, high parity rates and high risk Human Papilloma Virus (HPV) infection [3]. Now it 

has been proven and widely accepted that HPV infection is the main causative agent of cervical cancer [18]. 

Many efforts to screen and vaccinate against HPV have now been carried out, but cervical cancer is still one 

of the leading causes of high morbidity and mortality in women in developing countries [3]. 

 

Dysplasia lesions of the cervical epithelium are abnormal cell growths on the surface of the cervix that have 

the potential to progresses into cervical carcinoma. Nowadays, the term is known as Cervical Intraepithelial 

Neoplasia or CIN. In terms of terminology, the Bethesda system classifies Squamous Intraepithelial Lesions 

(LIS) into two levels, namely Low-grade Squamous Intraepithelial Lesions (LSIL) which includes CIN 1, 

and High-grade Squamous Intraepithelial Lesions (HSIL) which includes CIN 2 and CIN 3 [21]. 

 

High-risk HPV persistent infection occurs through micro-lesions that allow the virus to access the basal layer 

of the stratified epithelium by infecting the basal cells and stem cells in that area [14]. Stem cells are described 

as immature cells found in all multicellular organisms and have multiple self-renewal abilities and 

differentiation potentials that occurs under highly controlled microenvironment conditions [2], [15]. There 

are three types of stem cells, including Adult stem cells, Embryonic stem cells dan Induced pluripotent stem 

cells [30]. 

 

High-risk HPV persistent infection can integrate viral DNA into the cell genome and regulate oncogenic 

transformation through DNA hypermethylation that can convert cervical epithelial basal and adult stem cells 

into Cancer Stem Cells (CSC) [14]. 

 

Several current studies have reported on specific markers and potential markers for the presence of CSC in 

cervical malignancies, including: CD44, NANOG, CD90, CD133, CK17, p63, C-Kit, CK8, ALDH1, BMI-1, 

OCT4, SOX2, Piwil2, LGR5, CD49f and Msi 1. However, to date there is no universal set of markers to 

identify and isolate CSC [7]. 

 

Aldehyde dehydrogenase 1 (ALDH1) is a metabolic enzyme located in the cytoplasm and functions to 

catalyze the oxidation of retinal to retinoic acid (RA). Aldehyde dehydrogenase 1A1 (ALDH1A1) is a type 

of ALDH1 with the most substrate in the cell cytoplasm with a high affinity for catalyzing retinal oxidation 

to Retinoic acid (RA). RA will bind to receptors in the nucleus which will then regulate gene expression in 

self-renewal, differentiation, and tumor resistance. ALDH1A1 has been identified as an CSC marker which 

is associated with the proliferative ability of tumor cells [26]. 

 

Sex Determining Region Y-Box 2 (SOX2) is an essential transcription factor for embryonic development and 

plays an important role in maintaining stemness of embryonal cell and adult stem cell populations. Of all the 

SOX genes, SOX2 is perhaps the best known for its role in reprogramming somatic cells into induced 

pluripotent stem cells (iPSCs) [16]. Concluded that SOX2 expression would increase in various types of 

cancer and promote cancer development. Therefore, the level of SOX2 expression in tumors is a prognostic 

factor to determine the clinical outcome of cancer patients. A number of studies have shown that SOX2 is an 

important contributing factor in affecting cancer development [28]. 

https://www.teikyomedicaljournal.com/
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The positivity of the ALDH1A1 and SOX2 CSC markers describes the increased ability of tumor cell 

proliferation in various types of malignancies, but it is still not widely used in precancerous lesions, especially 

cervical ones. In this study, the authors intend to examine the two CSC markers and analyze them to assess 

potential biomarkers in progression of HSIL. 

 

2. Material and methods 

The research materials were the archived biological materials in the form of paraffin blocks from patients 

who received cervical biopsy or surgery and had been diagnosed histopathologically as HSIL and CSCC in 

the period of 1 January 2013 - 31 December 2020 from Dr. Hasan Sadikin Central General Hospital. This 

study only involved HSIL which is known to be a strong factor for the occurrence of CSCC. The inclusion 

criteria included patient identity data and paraffin block in good condition while exclusion criteria are patients 

who have recurrent disease, have received radiotherapy or chemotherapy. The ethical clearance was approved 

by the Health Research Ethics Commission, Dr. Hasan Sadikin Hospital number: LB.02.01/X.6.5/118/2021. 

 

This study is an analytical observational study with a cross-sectional design. This analytical study was used 

to find the relationship between independent variables (ALDH1A1 immunoexpression/SOX2 

immunoexpression) and dependent variables (HSIL and cervical SCC). The research sample was taken by 

consecutive sampling. All patients who have met the inclusion and exclusion criteria will be included as the 

subjects of the study. 

 

2.1 Immunohistochemistry Staining Procedure 

Immunohistochemistry staining was performed by the labeled streptavidin biotin immunoperoxide complex 

method, using the Starr Trek Universal HRP Detection system (Biocare Medical). The first primary antibody 

for ALDH1A1 staining used rabbit monoclonal antibody from Santa Cruz (sc-374149) with 1:7000 dilution. 

The second primary antibody for SOX2 staining used rabbit monoclonal from Bioenzy (BZ085901F) with 

1:3000 dilution. 

 

2.2 Immunoexpression Assessment 

ALDH1A1 and SOX2 immunoreactivity was evaluated semi-quantitatively, without knowing the 

clinicopathological data of each case. Immunoreactivity was seen in the cell cytoplasm against 

immunohistochemistry staining using ALDH1A1 antibody. SOX2 immunoreactivity was seen in the nucleus. 

ALDH1A1 and SOX2 expression was assessed based on intensity and distribution, namely: Negative (-), 

Positive 1 (+) with positive cells < 10%, positive 2 (++) with positive cells 10-50%, and positive 3 (+++) with 

positive cells > 50%. ALDH1A1 Histoscore (intensity x distribution of staining) with low histoscore value of 

0-2 and high histoscore value of 3-9. [11], [17], [20]. SOX2 Histoscore with low histoscore value of 0-3 and 

high histoscore value of 4-9. [12], [27]. 

 

2.3 Statistical Analysis 

Bivariate analysis was applied to see the relationship between ALDH1A1 immunoexpression with HSIL and 

CSCC and the relationship between SOX2 immunoexpression with HSIL and CSCC. Categorical data is 

tested with the Chi-Square test if the Chi-Square requirements are met. If these conditions are not met, then 

the Exact Fisher test is used for 2 x 2 tables and Kolmogorov Smirnov for tables other than 2 x 2. The Chi-

Square requirement is that there is no expected value less than 5 as much as 20% of the table. The significance 

criteria used were p-value, if p ≤ 0.05 was statistically significant, and p ≥ 0.05 was not statistically significant. 

The data obtained were recorded in a special formula and then processed through the SPSS version 24.0 for 

Windows program. 
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3. FINDINGS AND DISCUSSION 

 

Table 1. Comparison of Characteristics between the HSIL and CSCC groups 

 

Variable 

Group  

HSIL CSCC P value 

N(%) (%)  

Age (years) 

Mean 

< 30 year 

30-40 year 

41-50 year 

51-60 year 

> 60 year 

 

47.55±12.53 

3 (4.8%) 

6 (9.6%) 

9 (14.5%) 

9 (14.5%) 

4 (6.4%) 

 

53.81±10.50 

0 

3 (4.8%) 

11 (17.7%) 

11 (17.7%) 

6 (9.6%) 

 

0.037 

 

Table 1. shows that there is a difference in the average age of patients between the HSIL and CSCC groups. 

Based on statistical calculations, this difference was statistically significant with p-value of 0.037 and the 

average age in the CSCC group was older than the average age in the HSIL group. 

 

3.1 Immunoexpression of ALDH1A1 

 
Figure 1. Result of ALDH1A1 immunohistochemical staining. A. ALDH1A1 Immunoexpression weak 

intensity (magnification 100x), B. ALDH1A1 Immunoexpression strong intensity (magnification 100x) 

 

ALDH1A1 immunoexpression in this study was assessed from the staining of the cell cytoplasm to brown. 

Figure 1 depicts ALDH1A1 immunoexpression with weak and strong intensities. The results of ALDH1A1 

immunohistochemistry were assessed based on the histoscore, so that statistical calculations could be carried 

out using the Chi-Square test to see the comparison of ALDH1A1 immunoexpression in the HSIL and CSCC 

groups. The results of the data and calculations are presented in table 2.  

Table 2. Differences in ALDH1A1 Immunoexpression in HSIL and CSCC 

 

Variable 

Group   

P value HSIL CSCC Total 

N=31 N=31  

Immunoexpression 

ALDH1A1 

Low (0-2) 

 

 

18 (58.1) 

 

 

7 (22.5) 

 

 

25 (40.3%) 

 

0.006* 

https://www.teikyomedicaljournal.com/
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High (3-9) 13 (41.9) 24 (77.5) 37 (59.7%) 

Note: Categorical data of p-values is calculated based on the Chi-square test. The significance value is based 

on the p value <0.05. The sign * indicates the value of p<0.05, which means that it is statistically significant.  

 

Based on Table 2, the results of the immunohistochemistry staining of ALDH1A1 with a high histoscore 

obtained 37 samples, and a low histoscore of 25 samples. From the results of statistical tests in the research 

group above, information on the P-value of the ALDH1A1 immunoexpression variable was lower than 0.05 

(p = 0.006) which means statistically significant. Thus, it can be explained that there is a statistically 

significant difference in the proportion or relationship between ALDH1A1 immunoexpression in the HSIL 

and CSCC groups. 

 

3.2 Immunoexpression of SOX2  

 
Figure 2. Result of SOX2 immunohistochemical staining. A. SOX2 Immunoexpression weak intensity 

(magnification 100x), B. SOX2 Immunoexpression strong intensity (magnification 100x) 

 

SOX2 immunoexpression in this study was assessed from the staining of the cell nucleus to brown. Figure 2 

depicts SOX2 immunoexpression with weak and strong intensities. The results of the immunohistochemistry 

of SOX2 were assessed based on the histoscore, so that statistical calculations could be carried out using the 

Chi-Square test to see the comparison of SOX2 immunoexpression in HSIL and CSCC patients. The results 

of the data and calculations are presented in table 3.  

 

Table 3. Differences in SOX2 Immunoekspression in HSIL and CSCC 

 

Variable 

Group   

P value HSIL CSCC Total 

N=31 N=31  

Immunoexpression 

SOX2 

Low (0-3) 

High (4-9) 

 

 

13 (41.9) 

18 (58.1) 

 

 

5 (16.1) 

26 (83.9) 

 

 

18 (29%) 

44 (71%) 

 

0.030* 

Note: Categorical data of p-values is calculated based on the Chi-square test. The significance value is based 

on the p value <0.05. The sign * indicates the value of p<0.05, which means that it is statistically significant.  

 

Table 3 presents the SOX2 immunoexpression relationship between the HSIL and CSCC groups. There were 

44 samples of SOX2 immunoexpression with high histoscore and 18 samples of low histoscore. Based on the 



A. Maulana, B. M. Dewayani and B. S. Hernowo, 2022                                              Teikyo Medical Journal 

 

3462 
 

results of statistical tests in the research group above, it was found that the p-value of the SOX2 

immunoexpression variable was lower than 0.05 (p = 0.030), which was statistically significant. Thus, it can 

be explained that there is a difference in proportion or there is a statistically significant relationship between 

SOX2 immunoexpression variables in the HSIL and CSCC groups. 

 

3.3 Comparison of ALDH1A1 and SOX2 immunoexpressions in HSIL and CSCC 

 

Table 4. Multivariate Analysis of ALDH1A1 and SOX2 Immunoexpression in HSIL and CSCC Groups 

Variable B S.E. OR 95%CI P value 

ALDH1A1 1.630 0.592 5.106 1.599 - 16.308 0.006* 

SOX2 1.421 0.655 4.140 1.148 – 14.934 0.030* 

Note: Multivariate analysis with logistic regression. The independent variable included in the logistic 

regression model is the independent variable which in the bivariate analysis has a p value of less than 0.25. 

The significance value is based on the P value <0.05. The * sign indicates the value of p<0.05, which means 

that it is statistically significant. 

 

Based on Table 4., multivariable analysis was carried out on variables that had p-value < 0.25, so the variables 

that had a significant relationship with CSCC were ALDH1A1 and SOX2. Patients with a high ALDH1A1 

histoscore had an OR of 5,106 for CSCC compared to a low ALDH1A1 histoscore after controlling for the 

SOX2 variable. Patients with high SOX2 histoscore had an OR of 4,140 for CSCC compared with low SOX2 

histoscores after controlling for the ALDH1A1 variable. This relationship is statistically significant with a p-

value < 0.05. 

 

4. Discussion 

Based on age characteristics, the most cases for the HSIL group were in the age range of 41-51 years old and 

51-60 years old with the same number of 9 cases (29%). This is in accordance with the research of that HSIL 

cases in Korea were found in an average age of 45 years old in the age-range of 30-84 years old, as well as 

the study of who found HSIL occurred at an average age of 51 years old [19], [24]. This is slightly different 

from the study of which shows HSIL mostly occurs in the age range of 30-40 years old [4]. In the CSCC 

group, the most cases were found in the age range of 41-50 years old for about 12 cases (38.7%). This is in 

accordance with the research of who found the highest number of cases of CSCC in the age range of 40-49 

years old and 40-59 years old [1], [22]. According to WHO 2014, CSCC cases were mostly found at an 

average age of 55 years old, while HSIL occurred 1-2 decades earlier than incidence of cervical carcinoma 

[23]. In this study, there was a difference in the average age of patients between the HSIL and CSCC groups. 

The average age in the CSCC group was older than the average age in the HSIL group. 

 

The results of ALDH1A1 immunoexpression in HSIL cases were high histoscore in 13 cases (35.1%) and 

low histoscore in 18 cases (72.0%). In CSCC cases, there was a high histoscore in 24 cases (64.9%) and a 

low histoscore in 7 cases (28.0%). Statistically, this study gave significant results with p-value = 0.006 which 

indicated that there was a significant difference between ALDH1A1 immunoexpression in HSIL and CSCC. 

This is consistent with the study of [25] who found a strong expression of ALDH1A1 in CSCC which was 

higher than CIN 2-3. According to their research, ALDH1A1 can function as a biomarker for early detection 

of cervical carcinoma [25]. In line with also obtained the same results that there was an expression of the 

cancer stem cell marker ALDH1A1 with an increasing mean score in oral dysplasia and squamous cell 

carcinoma orally by 69.1 and 78.4 [6]. 

 

The risk of malignant transformation is currently difficult to assess, but the study of [5] suggested that ALDH1 
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could be a useful marker to identify patients with oral leukoplakia who are preneoplastic lesions with a high 

risk for oral cancer [5]. Still in line with the results of this study, found that ALDH1A1 expression was 

significantly increased in esophageal CSCC at various depths of invasion compared to esophageal squamous 

dysplasia, thus provided strong evidence that cancer stem cells that express ALDH1A1 contribute to the poor 

process of invasion, metastasis and outcome [29]. 

 

The results of SOX2 immunoexpression in HSIL cases were strong histoscore in 18 cases (72.2%) and weak 

histoscore in 13 cases (40.9%). In the case of CSCC, there was a strong histoscore in 26 cases (59.1%) and a 

weak histoscore in 5 cases (27.8%). Statistically, this study gave significant results with P-value = 0.030 

which indicated that there was a significant difference between SOX2 immunoexpression in HSIL and CSCC. 

The results of this study are in line with who performed SOX2 examination on premalignant lesions and oral 

SCC. It was found that 29% of samples of precancerous lesions (oral leukoplakia) showed positivity of SOX2 

immunoexpression, while in oral SCC, 39% of samples with different degrees of differentiation were found. 

Concluded that SOX2 emerged as an independent risk predictor for the occurrence of oral SCC [10]. In line 

with the results of study, also found SOX2 positivity in low-risk and high-risk oral leukoplakia lesions. 

Concluded that oral leukoplakia lesions exhibiting high expression of SOX2 are likely to contribute to the 

pathogenesis of oral leukoplakia [13]. In their study, assessed SOX2 expression in squamous metaplastic 

lesions, squamous intraepithelial lesions and uterine cervical SCC. In line with this study, all CSCC samples 

were only highly expressed by SOX2 [8]. 

 

In this study, multivariate statistical tests were performed using logistic regression. Multivariable analysis 

was performed on variables that had p-value < 0.25. Therefore, the variables that had a significant relationship 

with CSCC were ALDH1A1 and SOX2. Patients with a strong ALDH1A1 histoscore had an OR of 5,106 for 

CSCC compared to a weak ALDH1A1 histoscore after controlling for the SOX2 variable. Patients with a 

strong SOX2 histoscore had an OR of 4,140 for CSCC compared with a weak SOX2 histoscore after 

controlling for the ALDH1A1 variable. This relationship is statistically significant with P-value <0.05. 

 

Based on these results, it can be concluded that if ALDH1A1 and SOX2 are assessed together, the results will 

show that both have risk factors for CSCC, but ALDH1A1 has a stronger risk factor than SOX2. The results 

of this study are similar to those of who stated that the deregulation of these two proteins in cervical lesions 

reflects the function of cancer stem cells during cervical carcinogenesis. Little is known about the regulation 

of ALDH1A1 expression in cervical lesions, but the function of ALDH in cervical cancer stem cells has been 

extensively elucidated in a number of studies. Similarly, SOX2 cooperates with OCT4 as a transcription factor 

in maintaining the self-renewal and pluripotent capacity of human and mouse embryonic stem cells. 

Upregulation of OCT4 and SOX2 in cervical carcinoma and its precursor lesions may serve as markers for 

the prognosis of cervical carcinoma [25]. 

 

5. Conclusion 

The two immunoexpressions of these CSC markers, if present with high histoscores, may be related to the 

presence and role of CSC in HSIL development. 
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