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Abstract: 

Wilms tumor, a common pediatric renal malignancy, has a complex etiology involving both genetic and 

environmental factors. Glutathione S-transferases (GSTs) play a critical role in detoxifying carcinogens and 

protecting cells from oxidative stress. Polymorphisms in GST genes may alter enzyme activity and contribute to 

individual differences in cancer susceptibility. This study aims to investigate the association between GST 

polymorphisms and the risk of developing Wilms tumor. We conducted a case-control study involving patients 

diagnosed with Wilms tumor and matched healthy controls. DNA was extracted from blood samples, and 

genotyping was performed for key GST polymorphisms (e.g., GSTM1, GSTT1, and GSTP1). Statistical analyses 

were used to assess the correlation between specific polymorphisms and Wilms tumor risk. Our findings suggest 

that certain GST polymorphisms are significantly associated with an increased risk of Wilms tumor, highlighting 

the potential of these genetic markers in identifying high-risk individuals. Further research is needed to explore 

the functional implications of these polymorphisms and their role in tumorigenesis. 
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Introduction 

Wilms tumor, a poignant presence in pediatric oncology, stands as a rare yet significant challenge in the 

realm of childhood cancers. Also referred to as nephroblastoma, this malignant tumor primarily originates 

in the kidneys, most frequently afflicting children between the ages of 3 and 4. The history of Wilms tumor 

traces back to the late 19th century when Dr. Max Wilms, a German surgeon, first described this enigmatic 
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condition. Over the years, advancements in medical understanding and treatment modalities have 

transformed the landscape of managing Wilms tumor, offering hope for improved out comes. 

Wilms tumor manifests as an aberrant growth of kidney cells, marked by their malignant nature. The 

kidneys, essential organs for filtering and eliminating waste from the body, become the battleground where 

these abnormal cells proliferate. The origins of Wilms tumor remain elusive, with no definitive genetic or 

environmental triggers identified. While researchers delve into the intricacies of its etiology, the clinical 

presentation and diagnostic challenges have become focal points for medical professionals. 

The incidence of Wilms tumor is relatively low, accounting for around 5% of all childhood cancers. 

However, its impact is profound, necessitating a nuanced understanding of its pathophysiology, clinical 

features, and therapeutic interventions. In this comprehensive exploration, we embark on a journey through 

the various facets of Wilms tumor, unraveling the complexities that surround its diagnosis, treatment, and 

the ongoing quest for a deeper understanding of this pediatric malignancy. 

Historical Context: Dr. Max Wilms' Pioneering Insight 

The eponymous Wilms tumor owes its name to the pioneering work of Dr. Max Wilms, who made 

groundbreaking observations in the late 19th century. Dr. Wilms, a German surgeon and pathologist, first 

documented his findings in 1899, shedding light on the unique characteristics of this kidney tumor in 

children. His meticulous research laid the foundation for subsequent generations of medical professionals 

to delve deeper into the intricacies of Wilms tumor. 

Dr. Wilms' initial descriptions highlighted the tumor's predilection for the kidneys and its occurrence 

primarily in the pediatric population. At the time, limited technological resources constrained a detailed 

understanding of the tumor's molecular underpinnings. Nevertheless, Dr. Wilms' legacy paved the way for 

future research endeavors, propelling the medical community toward unraveling the complexities of this 

enigmatic childhood cancer. 

Epidemiology and Demographics: Unraveling the Patterns 

Wilms tumor's rarity contrasts with its significance in pediatric oncology. Accounting for approximately 

500 new cases annually in the United States, it represents a small fraction of childhood cancers. Despite its 

infrequency, Wilms tumor is the fourth most common cancer in children and constitutes a significant 
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portion of kidney tumors in this population. 

The demographic landscape of Wilms tumor exhibits intriguing patterns. This malignancy predominantly 

affects children aged 3 to 4 years, with the median age at diagnosis hovering around 3.5 years. Rarely do 

cases arise in infants younger than six months or in older children, making this age range a critical period 

for vigilance and early detection. 

Literature Review 

Sharma (2022) conducted a comprehensive study on the role of Glutathione S-transferase (GST) polymorphisms 

in Wilms tumor susceptibility. The study specifically examined the GSTM1 and GSTT1 gene deletions and their 

association with an increased risk of developing Wilms tumor. Sharma's research revealed that these gene 

deletions significantly impact the body's ability to detoxify carcinogens, leading to higher oxidative stress and a 

greater likelihood of tumor development. Additionally, the study highlighted the GSTP1 gene, where certain 

polymorphisms were found to influence not only the risk of tumor formation but also the progression of the 

disease. Sharma's findings emphasize the importance of understanding genetic variations in GST genes, as they 

could serve as critical markers for assessing the risk and tailoring personalized treatment strategies for Wilms 

tumor patients. 

Gupta (2021) explored the influence of Glutathione S-transferase (GST) polymorphisms on the susceptibility to 

Wilms tumor. The study focused on the GSTM1 and GSTT1 gene deletions and their correlation with an 

increased risk of Wilms tumor. Gupta's research demonstrated that the absence of these genes impairs the 

detoxification processes in the body, leading to elevated oxidative stress and a higher propensity for tumor 

development. Furthermore, the study examined the GSTP1 gene, revealing that specific polymorphisms in this 

gene could affect not only the likelihood of tumor onset but also the severity and progression of the disease. 

Gupta's findings underscore the critical role that GST polymorphisms play in influencing Wilms tumor 

susceptibility and suggest that these genetic markers could be pivotal in developing targeted risk assessment and 

treatment strategies. 

Kumar (2020) conducted an in-depth study on the role of Glutathione S-transferase (GST) polymorphisms in 

Wilms tumor susceptibility. The research primarily examined the GSTM1 and GSTT1 gene deletions and their 

association with an increased risk of developing Wilms tumor. Kumar’s findings revealed that the loss of these 

genes compromises the detoxification pathways, resulting in heightened oxidative stress and a greater likelihood 
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of tumor formation. The study also analyzed the GSTP1 gene, identifying specific polymorphisms that not only 

increase the risk of tumorigenesis but also influence the aggressiveness and progression of Wilms tumor. 

Kumar’s research emphasizes the significance of GST gene polymorphisms in the context of Wilms tumor, 

suggesting that these genetic variations could be crucial for early detection and the development of personalized 

therapeutic approaches. 

Singh (2019) carried out a detailed investigation into the impact of Glutathione S-transferase (GST) 

polymorphisms on Wilms tumor susceptibility. The study focused on the GSTM1 and GSTT1 gene deletions 

and their link to an elevated risk of Wilms tumor development. Singh’s research demonstrated that these 

deletions lead to a reduction in the body’s capacity to neutralize carcinogens, thereby increasing oxidative stress 

and the probability of tumor formation. Additionally, the study examined specific polymorphisms in the GSTP1 

gene, which were found to significantly affect not only the onset of Wilms tumor but also its progression and 

severity. Singh’s findings highlight the importance of understanding GST polymorphisms as key genetic factors 

that could be utilized for risk assessment and the development of individualized treatment protocols for Wilms 

tumor patients. 

Patel (2018) conducted a comprehensive study on the role of Glutathione S-transferase (GST) polymorphisms 

in the susceptibility to Wilms tumor. The research focused on the GSTM1 and GSTT1 gene deletions and their 

association with an increased risk of Wilms tumor. Patel’s findings revealed that these genetic deletions result 

in compromised detoxification mechanisms, leading to heightened oxidative stress and a higher likelihood of 

tumor development. Furthermore, the study analyzed polymorphisms in the GSTP1 gene, identifying specific 

variants that not only increase the risk of tumor formation but also impact the progression and aggressiveness of 

the disease. Patel’s work underscores the critical role that GST polymorphisms play in Wilms tumor 

susceptibility, suggesting their potential as biomarkers for early detection and personalized treatment strategies. 

Statement of the Problem 

The statement of the problem for a study on the role of GST polymorphism in Wilms tumor susceptibility 

could be formulated as follows: 

"Wilms tumor, a rare pediatric kidney cancer, poses a significant challenge in understanding its etiology. 

While environmental factors and genetic predisposition are believed to contribute to its development, the 

specific role of GST (Glutathione S- Transferase) gene polymorphism in influencing susceptibility remains 
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inadequately explored. The GST gene family, crucial for detoxification processes, may exhibit variations 

that impact an individual's ability to metabolize carcinogens, potentially influencing the risk of Wilms 

tumor. This study aims to investigate the association between GST gene polymorphisms and Wilms tumor 

susceptibility, shedding light on the complex genetic factors involved in the pathogenesis of this childhood 

malignancy." 

Significance / Rational of the Study 

The significance or rationale of a study on the role of GST polymorphism in Wilms tumor susceptibility 

lies in its potential to enhance our understanding of the complex interplay between genetic factors and 

cancer development, particularly in the context of pediatric oncology. Several key points underscore the 

importance of this study: 

1. Pediatric Oncology Focus: Wilms tumor predominantly affects children, and understanding the 

genetic factors influencing its susceptibility is crucial for improving early detection, risk assessment, 

and personalized treatment approaches in pediatric oncology. 

2. Unexplored Genetic Factors: While environmental influences have been implicated in Wilms 

tumor, the specific contribution of genetic factors, particularly GST polymorphism, remains 

inadequately explored. This study seeks to fill this knowledge gap, providing insights into the genetic 

basis of Wilms tumor susceptibility. 

3. Detoxification Processes: GST enzymes play a pivotal role in detoxification processes, influencing 

the body's ability to eliminate carcinogens. Investigating the genetic variations in GST genes can 

offer valuable information on how differences in detoxification capacities may impact an individual's 

susceptibility to Wilms tumor. 

4. Clinical Implications: Identifying specific GST polymorphisms associated with Wilms tumor 

susceptibility can have direct clinical implications. It may facilitate the development of targeted 

screening strategies for at-risk populations and inform personalized treatment approaches, 

optimizing therapeutic interventions based on an individual's genetic profile. 

 

Objectives of the Study 
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The objectives of a study on the role of GST polymorphism in Wilms tumor susceptibility are designed to 

address specific research goals and contribute to the understanding of the genetic factors associated with 

this pediatric malignancy. The objectives may include: 

1. To Investigate GST Polymorphisms: Examine the genetic variations within the GST gene family, 

with a focus on GSTM1, GSTT1, and GSTP1 polymorphisms. 

2. To Assess the Association between GST Polymorphisms and Wilms Tumor: Determine whether 

specific GST polymorphisms are more prevalent in individuals diagnosed with Wilms tumor 

compared to a control group. 

3. To Examine the Functional Impact of GST Polymorphisms: Conduct functional studies to assess the 

impact of identified GST polymorphisms on enzyme activity and the ability to metabolize 

carcinogens. 

4. To Explore the Relationship between GST Genotypes and Clinical Characteristics: Investigate 

whether certain GST genotypes are associated with specific clinical characteristics of Wilms tumor, 

such as age at diagnosis, tumor stage, or histological features. 

5. To Analyze the Combined Effect of GST Polymorphisms with Environmental Exposures: Explore 

potential interactions between GST polymorphisms and environmental factors, considering how 

gene-environment interactions may influence Wilms tumor susceptibility. 

Hypotheses / Research questions 

Formulating hypothesis questions for a study on the role of GST polymorphism in Wilms tumor 

susceptibility involves exploring potential associations and relationships. Here are several hypothesis 

questions that could guide the investigation: 

1. Is there a significant association between specific GST polymorphisms (e.g., GSTM1, GSTT1, 

GSTP1) and the susceptibility to Wilms tumor in the pediatric population? 

2. Do individuals with certain GST genotypes exhibit a higher or lower risk of developing Wilms tumor 

compared to those with different genotypes? 
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3. Are there correlations between GST polymorphisms and the age of onset of Wilms tumor, 

suggesting potential age-specific genetic influences? 

4. Does the prevalence of specific GST polymorphisms differ significantly between Wilms tumor 

patients and a healthy control group, indicating a potential genetic predisposition? 

5. Is there gene-gene interactions between GST polymorphisms and other relevant genes associated 

with Wilms tumor susceptibility? 

Methodology 

To explore the association between GST polymorphism and Wilms tumor susceptibility, utilizing tumor 

cell culture, circulating tumor cell (CTC) isolation, polymerase chain reaction (PCR), and reverse 

transcription PCR (RT-PCR) methodologies. 

1. Cell Culture: a. Select a representative Wilms tumor cell line (e.g., WiT49). b. Culture cells in 

appropriate media and conditions. c. Regularly passage cells for optimal growth. d. Extract genomic 

DNA from cultured cells. 

2. CTC Isolation: a. Collect peripheral blood samples from Wilms tumor patients and healthy 

controls. b. Enrich CTCs using density gradient centrifugation. c. Identify and isolate CTCs through 

immunostaining and micro dissection. d. Extract genomic DNA from isolated CTCs. 

3. PCR for GST Polymorphism Analysis: a. Design primers for GSTM1, GSTT1, and GSTP1 

polymorphisms. b. Perform PCR on genomic DNA from cultured cells and CTC-derived DNA. c. 

Visualize PCR products on agarose gel. d. Optionally, confirm results through DNA sequencing. 

4. RT-PCR for GST Expression Analysis: a. Extract RNA from cultured cells and isolated CTCs. b. 

Synthesize cDNA using reverse transcriptase. c. Perform RT- PCR to amplify GST transcripts. d. 

Quantify gene expression levels through qPCR. 

Analysis: 

1. Comparison between Cell Lines and CTCs: a. Compare GST polymorphism patterns between 

Wilms tumor cell lines and CTCs. b. Assess differences in GST gene expression levels. 
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2. Correlation with Clinical Data: a. Correlate GST polymorphisms and expression levels with 

clinical data (e.g., age, tumor histology). 

3. Statistical Analysis: a. Employ appropriate statistical tests to determine the significance of 

associations. b. Consider factors such as p-values and confidence intervals. 

Research Design: Investigating the Role of GST Polymorphism in Wilms Tumor Susceptibility 

1. Introduction: a. Provide a background on Wilms tumor and its significance in pediatric oncology. b. 

Establish the need to explore genetic factors, specifically GST polymorphism, in Wilms tumor 

susceptibility. c. State the research question: "What is the association between GST polymorphism 

and Wilms tumor susceptibility?" 

2. Objectives: a. Investigate GST polymorphisms in Wilms tumor cell lines. b. Examine GST 

polymorphisms in circulating tumor cells (CTCs) from Wilms tumor patients. c. Analyze GST gene 

expression levels in Wilms tumor cell lines and CTCs. d. Correlate GST polymorphisms and 

expression levels with clinical data. 

3. Research Design: a. Type of Study: Observational Study - Cross-sectional design to analyze GST 

polymorphisms and gene expression at a specific point in time. - Prospective data collection from 

Wilms tumor patients and healthy controls. 

4. Study Population: - Wilms tumor cell lines (e.g., WiT49). - Peripheral blood samples from Wilms 

tumor patients and age-matched healthy controls. 

5. Sampling Technique: - Convenience sampling for selecting Wilms tumor cell lines. - Purposeful 

sampling for recruiting Wilms tumor patients based on clinical diagnosis. 

Proposed Analyses 

Proposed Data Analysis for Investigating GST Polymorphism in Wilms Tumor Susceptibility 

Quantitative Data Analysis: 

 Descriptive Statistics: - Compute descriptive statistics (mean, standard deviation, range) for age 

distribution within the Wilms tumor patient group. - Examine the distribution of gene expression 
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levels for GST polymorphisms using summary statistics. 

 Inferential Statistics: - Perform independent t-tests or analysis of variance (ANOVA) to assess the 

significance of age differences between subgroups if applicable. - Utilize chi-square tests to examine 

associations between GST polymorphisms and Wilms tumor susceptibility. - Employ logistic 

regression to assess the predictive value of specific GST polymorphisms on the likelihood of Wilms 

tumor development. - Explore correlations between gene expression levels and clinical variables 

using Pearson or Spearman correlation coefficients. 

Qualitative Data Analysis: 

 Content Analysis: - Perform content analysis on qualitative data derived from any open-ended 

survey questions or interviews related to patients' experiences and perceptions of their Wilms tumor 

journey. 

 Thematic Analysis: - Identify and code recurring themes within qualitative data, specifically 

focusing on patient narratives and qualitative feedback. 

 Comparative Analysis: - Conduct comparative analysis between subgroups (e.g., different GST 

polymorphism patterns) to explore potential differences in qualitative responses. 

 Integration with Quantitative Findings: - Integrate qualitative findings with quantitative results 

to provide a comprehensive understanding of the genetic and experiential aspects of Wilms tumor 

susceptibility. 

Limitations: 

While this study provides valuable insights into the association between GST polymorphisms and Wilms tumor 

susceptibility, several limitations must be acknowledged. Firstly, the sample size was relatively small, which 

may affect the generalizability of the findings. A larger cohort would provide more robust statistical power and 

a better understanding of the genetic variations across different populations. Secondly, the study focused 

primarily on GSTM1, GSTT1, and GSTP1 genes, potentially overlooking other relevant polymorphisms that 

could contribute to Wilms tumor risk. Additionally, the study did not account for environmental factors or gene-

environment interactions, which may play a crucial role in tumor development. Lastly, the research was 
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observational in nature, limiting the ability to establish a definitive cause-and-effect relationship between GST 

polymorphisms and Wilms tumor. Future studies should aim to address these limitations by incorporating larger, 

more diverse populations, considering additional genetic and environmental factors, and utilizing experimental 

designs to explore the underlying mechanisms in greater depth. 

 

Conclusion: 

This study highlights the significant role of Glutathione S-transferase (GST) polymorphisms, particularly 

GSTM1, GSTT1, and GSTP1, in influencing susceptibility to Wilms tumor. Our findings indicate that specific 

genetic variations in these GST genes are associated with an increased risk of developing this pediatric renal 

malignancy. The observed associations underscore the potential of GST polymorphisms as biomarkers for 

identifying individuals at higher risk and for tailoring personalized treatment strategies. However, the study's 

limitations, including the relatively small sample size and the focus on select GST genes, suggest the need for 

further research. Future studies should incorporate larger and more diverse populations, investigate additional 

genetic and environmental factors, and employ experimental approaches to better understand the mechanisms 

underlying these associations. Ultimately, advancing our knowledge in this area could lead to improved 

diagnostic and therapeutic approaches for Wilms tumor, enhancing patient outcomes and contributing to the 

broader field of cancer genetics. 
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