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1. SUMMARY 
 
 
Title: Impact of TP53 and E2F1 Gene Polymorphisms on Breast Cancer Prognosis. 

Aim: To evaluate the impact of TP53 and E2F1 gene polymorphisms on breast cancer prognosis. 

Objectives: 

1. To determine the distribution of genotypes and alleles of TP53 polymorphisms (rs9895829 and 

rs17884306) in breast cancer patients; 

2. To determine the distribution of genotypes and alleles of E2F1 polymorphisms (rs3213183 and 

rs3213180) in breast cancer patients; 

3. To assess the associations between TP53 and E2F1 polymorphisms and clinicopathological 

characteristics; 

4. To evaluate the impact of TP53 and E2F1 polymorphisms on breast cancer survival. 

 

Methodology: 

A total of 170 breast cancer patients were included in this study. TP53 (rs9895829 and 

rs17884306) and E2F1 (rs3213183 and rs3213180) polymorphisms were genotyped using genomic 

DNA extracted from patients’ peripheral blood samples by quantitative real-time polymerase chain 

reaction (qPCR). Statistical analysis was performed using IBM SPSS Statistics software (version 30.0) 

and Microsoft Excel. The study was conducted at the Oncology Research Laboratory of the Institute of 

Oncology, Lithuanian University of Health Sciences, and is part of an ongoing laboratory study approved 

by the Kaunas Regional Biomedical Research Ethics Committee (protocol No. BE-2-10 and No. P1-BE-

2-10/2014).  

 

Results and Conclusions: 

The genotype distribution of TP53 rs9895829 was predominantly AA (94.1%), while AG (5.3%) 

and GG (0.6%) was less frequent. The A allele (96.8%) was more prevalent than the G allele (3.2%). 

Similarly, the genotype distribution of TP53 rs17884306 was mainly CC (92.9%), followed by CT 

(6.5%) and TT (0.6%). The C allele (96.2%) was more frequent than the T allele (3.8%). The genotype 

distribution of E2F1 rs3213183 was mainly AA (56.5%) followed by AG (34.1%) and GG (9.4%), while 

the A allele was more prevalent (73.5%) than the G allele (26.5%). For E2F1 rs3213180, the genotype 

GG (82.4%) was the most common, whereas GC (15.9%) and CC (1.8%) occurred less frequently. The 

G allele (90.3%) was more prevalent than the C allele (9.7%). No statistically significant associations 

were observed between TP53 and E2F1 polymorphisms and clinicopathological characteristics. 

Additionally, no statistically significant associations were found between these polymorphisms and 

progression-free survival (PFS), metastasis- free survival (MFS), and overall survival (OS).  
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5. ABBREVIATIONS 

 

 

BC – Breast cancer 

BMI – Body mass index 

Ct – Cycle threshold 

DCIS – Ductal carcinoma in situ 

ER – Estrogen receptor 

HWE – Hardy-Weinberg equilibrium 

HER2 – Human epidermal growth factor receptor 2 

HR – Hormone receptor  

HRT – Hormone replacement therapy 

IDC – Invasive ductal carcinoma  

ILC – Invasive lobular carcinoma 

LCIS – Lobular carcinoma in situ 

LNR – Lymph node ratio 

LSCC – Laryngeal squamous cell carcinoma 

MAF – Minor allele frequency 

MFS – Metastasis-free survival 

OS – Overall survival 

PCR – Polymerase chain reaction 

PFS – Progression-free survival 

PR – Progesterone receptor 

qPCR – Quantitative real-time polymerase chain reaction 

Rb – Retinoblastoma protein 

RFS – Relapse-free survival 

SCCHN – Squamous cell carcinoma of the head and neck 

SNP – Single nucleotide polymorphism 

SPSS – Statistical Package for the Social Sciences 

TNBC – Triple-negative breast cancer 
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6. INTRODUCTION 

 
 

Breast cancer (BC) is one of the most common malignancies in the world. According to the 

World Health Organization (WHO), in 2022 approximately 2.3 million new cases of breast cancer were 

diagnosed, and 670,000 BC-related deaths occurred worldwide [1]. BC remains a major health concern 

for women, and incidence rates continue to rise despite ongoing scientific research. At the current rate, 

it is estimated that by 2050 there will be 3.2 million new cases of BC and 1.1 million BC-related deaths 

annually [2]. BC is a heterogeneous disease classified into non-invasive and invasive forms and can also 

be categorized based on hormone receptor (HR) expression [3]. The presence of estrogen (ER), 

progesterone (PR), and human epidermal growth factor receptor 2 (HER2) receptors determines the 

molecular subtype of BC, as well as tumor characteristics and prognosis. These subtypes include luminal 

A, luminal B, HER2-positive, and triple-negative breast cancer (TNBC) [3, 4]. 

The TP53 gene is the most frequently mutated tumor suppressor gene, making it a major factor 

in cancer development [5,6]. TP53 encodes the protein p53, which acts as a transcription factor 

regulating DNA repair, cell cycle, and apoptosis in response to cellular stress or DNA damage [7]. 

Mutated p53 variants lose tumor suppressor functions to varying degrees, resulting in the bypass of the 

G1/S checkpoint and loss of the ability to induce apoptosis and cell cycle arrest in response to DNA 

damage [8, 9]. TP53 polymorphisms have been found to be associated with more aggressive disease 

progression and decreased overall survival in BC patients [8]. E2F, a group of transcription factors, 

regulates gene expression during the cell cycle and plays a role in cell proliferation, differentiation, 

apoptosis, and DNA repair [10]. E2F1, a transcription activator, is considered one of the most important 

proteins required for cell cycle progression, specifically facilitating the G1 to S phase transition [11,12]. 

E2F1 overexpression has been linked to poor prognosis in several cancers, such as bladder cancer, 

ovarian cancer, prostate cancer, and breast cancer [10]. 

Single nucleotide polymorphisms (SNPs) are changes in a single nucleotide base resulting in a 

genetic variation [13]. TP53 rs9895829 and rs17884306 have been associated with multiple cancers, 

including osteosarcoma, prostate cancer, glioblastoma, and laryngeal squamous cell carcinoma (LSCC). 

Available studies suggest that these SNPs are not associated with tumor characteristics or survival, 

although combined SNP effects may influence survival in certain malignancies [14, 15, 16]. E2F1 

rs3213183 and rs3213180 have been studied in relation to LSCC and head and neck squamous cell 

carcinomas. E2F1 rs3213183 has been linked to tumor stage and lymph node metastasis, while no clear 

survival associations have been reported for either SNP [17, 18]. Given the limited data regarding these 

polymorphisms, this study aims to investigate the association of TP53 rs9895829 and rs17884306 and 

E2F1 rs3213183 and rs3213180 with BC prognosis.  
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7. AIM AND OBJECTIVES 

 

 

Aim: To evaluate the impact of TP53 and E2F1 gene polymorphisms on breast cancer prognosis.  

 

Objectives: 

1. To determine the distribution of genotypes and alleles of TP53 polymorphisms (rs9895829 and 

rs17884306) in breast cancer patients; 

2. To determine the distribution of genotypes and alleles of E2F1 polymorphisms (rs3213183 and 

rs3213180) polymorphism of E2F1 in breast cancer patients; 

3. To assess the associations between TP53 and E2F1 polymorphisms and clinicopathological 

characteristics; 

4. To evaluate the impact of TP53 and E2F1 polymorphisms on breast cancer survival. 
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8. LITTERATURE REVIEW 

 

 

8.1 Breast cancer  
 

Breast cancer (BC) is one of the most common malignancies in the world. Approximately 2.3 

million new cases of BC were diagnosed, and 670,000 BC-related deaths occurred worldwide in 2022, 

making it the most frequently diagnosed cancer and the leading cause of cancer-related death among 

women. BC was the most diagnosed cancer in 157 out of 185 countries in 2022 [1]. Despite ongoing 

scientific research, BC remains a major health concern for women, and incidence rates continue to rise. 

At the current rate, it is estimated that by 2050, there will be 3.2 million new cases and 1.1 million BC-

related deaths annually [2]. 

BC is broadly categorized into non-invasive (in situ) and invasive forms, depending on whether 

malignant cells remain confined to the ducts or lobules or have invaded surrounding breast tissue. Non-

invasive BC refers to malignant cells that remain within the milk ducts or lobules and have not grown 

into or invaded surrounding tissue. It is also referred to as carcinoma in situ and is considered stage 0. 

Ductal carcinoma in situ (DCIS) is the most diagnosed non-invasive BC [3, 19]. DCIS describes 

cancerous cells growing within the milk ducts of the breast without invading surrounding breast tissue 

and, if left untreated, may progress to invasive cancer [19, 20]. Lobular carcinoma in situ (LCIS) is 

generally considered benign. Cancerous cells grow in the lining of lobules at the terminal end of the duct 

of the breast and do not spread through the walls of the lobules [21]. However, LCIS is a risk factor for 

invasive BC. Patients diagnosed with LCIS have a 9-10-fold higher risk of developing invasive BC 

compared to the general population [22]. 

Invasive BC occurs when malignant cells spread beyond the ducts or lobules into surrounding 

breast tissue or lymph nodes. Invasive ductal carcinoma (IDC) is the most common type of invasive BC, 

making up 80% of all diagnosed cases. IDC originates in the lining of the milk duct and can metastasize 

through the blood and lymphatic system [23, 24]. Invasive lobular carcinoma (ILC) represents 5-15% of 

invasive BC, making it the second most common form. Cancerous cells in ILC grow in the lobules and 

spread to the surrounding tissue. Histologically, ILC cells do not clump like other forms of BC. Instead, 

the cells are spread individually or in single files in the breast tissue [25]. 

 

8.2 Risk factors for BC 
 



 11 

Multiple risk factors have been established for BC, the main ones being family history, female 

reproductive factors, age, and genetic predisposition. The risk of developing BC depends on both 

modifiable and non-modifiable factors. Modifiable risk factors are those that can be modified or avoided, 

including lifestyle factors and exogenous hormone exposure, such as contraceptive pills and hormone 

replacement therapy. Non-modifiable risk factors cannot be altered and include age, genetic mutations, 

inherited predispositions, and endogenous hormone exposure, such as early menarche, late menopause, 

and nulliparity [26]. Approximately 5-10% of BC cases are associated with genetic factors, while 20-

30% are associated with environmental and lifestyle factors [27]. 

 

8.2.1 Lifestyle factors 
 

Lifestyle factors, such as smoking, alcohol consumption, and diet, have been identified as risk 

factors for BC. Tobacco smoke contains carcinogens, including polycyclic aromatic hydrocarbons and 

nitrosamines, which can induce DNA mutations in breast epithelial cells. These mutations disrupt normal 

cell regulation, potentially leading to malignant transformations [28, 29]. Carcinogens in tobacco are 

particularly associated with an increased risk of mutations in tumor suppressor genes, especially TP53 

[26]. Both active and passive smoking have been linked to an increased risk of BC. This was especially 

seen in premenopausal women and estrogen receptor (ER)-positive BC. In contrast, no significant 

association has been observed in postmenopausal women and ER-negative BC. Moreover, the risk of 

BC increases with the duration and intensity of smoking [29]. Poorolajal et al. reported that smoking 

increases the risk of BC by approximately 7% [30]. 

Alcohol consumption has been linked to an increased risk of BC. Alcohol can increase blood 

estrogen levels, thereby increasing the risk of ER-positive BC. Acetaldehyde, a toxic metabolite of 

ethanol, is a carcinogen that can induce DNA lesions and inhibit DNA methylation, leading to cell 

mutations and potentially promoting development [30, 31]. A meta-analysis of 5,645 publications by 

Sohi et al. reported that consumption of one alcoholic drink per day is associated with an increased risk 

of BC. A positive relationship was observed between the amount of alcohol consumed and BC risk 

compared with non-drinkers. This association was found in both premenopausal and postmenopausal 

women. Supporting these findings, Poorolajal et al. reported that alcoholic beverages are associated with 

a 22% higher risk of BC, with each additional 10g of ethanol per day associated with a further 10% 

increase in risk [30]. 

Overweight and obesity have been associated with an increased risk of BC. However, the 

relationship differs between premenopausal and postmenopausal BC. Overweight and obesity are 

associated with postmenopausal BC and have no significant effect on premenopausal BC [30]. Patients 

with an elevated body mass index (BMI) have excess adipose tissue. Adipose tissue produces estrogen, 
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especially in postmenopausal women, increasing the risk of ER-positive BC. A strong positive 

relationship has been found between BMI and BC risk, as there is a 58% greater risk in women with 

BMI > 35kg/m2. Increased BMI is also associated with higher BC mortality [33]. 

 

8.2.2 Exogenous and endogenous hormone exposure  
 

Exogenous hormone exposure, such as oral contraceptive pills and hormone replacement therapy 

(HRT), has been linked to an increased risk of BC. Excess estrogen increases the risk of BC as it results 

in increased cell proliferation in hormone receptor (HR)-positive BC [34]. A nationwide study in 

Denmark by Mørch et al., including 1.8 million women, reported that women between the age of 15-45 

taking hormonal contraceptives had a 20% higher risk of BC compared with non-users. In the population, 

the risk of developing BC remained low across all age groups, with estimated risks for women aged 20, 

30, and 40 years being 0.07%, 0.5%, and 1.6%, respectively [35]. Furthermore, Poorolajal et al. reported 

that 10 years of estrogen use can increase BC risk by 15-29%. Additionally, it was reported that HRT 

was associated with an overall 26% increase in the risk of developing BC [30]. 

BC can occur at any age; however, it is more common among older women. Approximately 80% 

of BC patients are over 50 years old, while 40% are older than 65 years. Increasing age is one of the 

main risk factors – for women aged 40, this risk is 1.5%, for women aged 50 – 3%, and for women over 

70 – 4%. Despite the increasing risk with age, more aggressive tumors are more frequently observed in 

younger patients. Luminal A BC subtype is mostly seen in patients over the age of 70 while aggressive 

triple-negative BC (TNBC) is more common in patients under 40 [26]. Other statistics indicate that the 

risk of developing BC before 49 years isa approximately 1 in 53, increasing to 1 in 43 for women 

between 50 and 59. The risk further increases for women aged 60-69 (1 in 23) and is highest in women 

over 70 years old (1 in 15). At present one in eight of women develop BC in their lifetime. Notable, 

more than 40% of affected women are over 65 years old, and this age group accounts for nearly 60% of 

all BC-related deaths [36]. 

Women's reproductive history is a significant risk factor for BC development. Reproductive 

factors like pregnancy, breastfeeding, menarche, and menopause are likely linked to BC because of 

changes in exposure to female reproductive hormones [37]. Women who had their first full-term 

pregnancy before the age of 30 were found to have a lower risk of developing BC. Additionally, high 

parity is also considered a factor that decreases the risk. There is a 7% decreased risk with every birth. 

In contrast, nulliparity has been associated with an increased risk [38]. Pregnancy after the age of 30 is 

also considered a high-risk factor. It significantly increases the risk of BC by 37%. Pregnancy is 

associated with changes in breast tissue, resulting in cells that multiply less and are less likely to develop 

tumors. Breastfeeding is considered a protective factor for breast cancer, as it decreases the risk of breast 
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cancer by 13% [30]. The longer the period of breastfeeding, the greater the protective effect against BC. 

The risk of developing BC decreases by 4% for every 12 months of breastfeeding [39]. 

Early menarche, before the age of 12, and late menopause, after the age of 55, are linked to an 

increased risk of BC as exposure to menstrual hormones is prolonged [30, 40]. This risk increases by 5-

9% for each year earlier of onset of menarche. In contrast, each year of delayed menarche decreases the 

risk by 10-24%. More aggressive tumor characteristics have been linked to early menarche, and there is 

a decreased 10-year overall survival [40].  Oncol et al. reported that each year younger at menarche was 

associated with 1.050 times higher risk of developing BC while each additional year older at menopause 

increased the risk by 1.029 times. [41] 

Approximately 5-10% of BC cases are linked to family history.  The 10-year risk of BC increases 

by 14% when close relatives develop ovarian cancer or BC before age 40, and this risk is higher in 

woman who are BRCA1- or BRCA2-positive. According to the American Cancer Society, women have 

a 13% lifetime risk of developing BC, rising to 15% in women with affected relatives. Additionally, the 

risk further increases if there are multiple relatives with a history of breast or ovarian cancer, increasing 

significantly when there are close relatives (first- and second-degree relatives) diagnosed with BC 

compared to third-degree relatives [42]. For women with zero, one or two affected first-degree relatives, 

the lifetime risk of developing BC is 7.8, 13.3, and 21.1% respectively [43]. 

 

8.3 Tumor characteristics  
 

The presence or absence of cellular receptors plays a crucial role in tumor classification, 

prognosis, and treatment. BC is classified into four molecular subtypes: luminal A, luminal B, HER2-

positive and TNBC. This classification is based on molecular characterization and the presence of HRs 

and human epidermal growth factor receptor 2 (HER2). BC cells classified as the luminal A subgroup 

present both HRs, estrogen, and progesterone. This is also known as ER-positive. Luminal B is ER-

positive and may also express progesterone and HER2. It is also known to have a higher proliferation 

index compared to luminal A. HER2-positive BC does not express HRs; only HER2 receptors are 

overexpressed. TNBC does not express any receptors, making it the most aggressive subtype [3, 4, 44]. 

The presence of receptors in BC cells is an important tool for prognosis, as it influences the 

response to hormonal treatment. The likelihood of response to hormonal therapy is higher when greater 

numbers of hormonal receptors present. Badowska-Kozakiewicz et al. found that patients with ER-

negative and PR-negative tumors had a response rate of 10% to hormonal therapy, while ER-positive 

and PR-positive tumors had a response rate of 73%. In approximately 70-80% of tumors, ER is 

expressed. Tumors that express ER are associated with a better prognosis, slower growth, and lower 

differentiation [45]. 
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The most common locations for distant metastasis are the bone, lung, liver, and brain. HR-

positive and HER2-positive subtypes are significantly associated with an elevated risk of bone metastasis 

compared to HR-negative and HER2-negative subtypes. TN molecular subtype has a higher risk of brain, 

liver, and lung metastasis, but a lower risk of bone metastasis compared to HR-positive and HER2-

negative molecular subtypes [46]. Karihtala et al. conducted a study involving 594 women, of whom 61 

patients were found to have developed distant metastasis. Of these, 50 patients died from BC. In these 

patients, the median disease-free interval was 39 months. They further found that the survival outcomes 

for metastatic disease were poorer in patients with regional lymph node metastasis. In patients with 

lymph node metastasis, the median survival was 19 months, compared to patients with no lymph node 

metastasis, for whom the median survival was 33 months [47].  

Invasive BC often metastasizes to the regional lymph nodes, particularly the axillary lymph 

nodes. Lymph node status is critical for the staging and treatment of BC [48]. The lymph node ratio 

(LNR), defined as the ratio of positive lymph nodes to the total number of lymph nodes removed from 

the patient, is an emerging prognostic factor in cancer. A worse prognosis is associated with a higher 

LNR. Overall survival rates are approximately 40% lower in patients with lymph node metastasis 

compared to patients without. Tonellotto et al. studied the impact of lymph node metastasis on BC 

survival. In their study, the number of positive lymph nodes was categorized into groups: pN1 (1-3), 

pN2 (4-9), pN3 (>10). They found that there was a 2.47- and 2.42-fold greater risk of BC recurrence 

within 5 years in pN2 and pN3, compared to pN1. Additionally, they found that patients in the pN2 and 

pN3 groups had a higher risk of death than those in the pN1 group. Vinh-Hung et al. showed that the 10-

year survival rate was lower in patients with a greater number of involved lymph nodes [49]. 

 

8.4 TP53 
 

TP53 is a tumor suppressor gene located on chromosome 17, encoding p53, a 393-amino acid 

protein. It is one of the most common genetic mutations associated with cancer. TP53 mutations are 

observed in approximately 50% of all cancers and have been associated with malignancies, such as BC, 

sarcomas, adrenal cortical carcinomas, and brain tumors [8, 5]. TP53 mutations are mainly missense. 

These mutations arise from a single nucleotide polymorphism (SNP) within the core domain of the p53 

protein, most commonly in the DNA-binding domain.   

P53 is a transcription factor that plays a crucial role in cell cycle regulation by facilitating DNA 

repair and apoptosis in response to irreversible DNA damage, thereby maintaining genomic stability. In 

response to internal and external stress, such as oncogenes and radiation, the mutated p53 protein 

becomes transcriptionally inactive. The p53 protein is modified post-transcriptionally because of the 

signals activated by the stressors. P53 is then released from the MDM2 protein, leading to its activation. 
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It is regarded as “the Guardian of the Genome”, as it protects the integrity of cellular DNA [5,6]. When 

p53 is activated, the cell cycle can be arrested at the G1-S and G2-M phases. Replication of damaged 

DNA is prevented by arresting the G1 phase, while segregation of chromosomes is prevented by 

arresting the G2 phase. It is crucial that p53 can arrest the cell cycle at multiple phases to prevent DNA 

replication with mutated genes. P53 also induces apoptosis in mutated cells to eliminate damaged and 

potentially cancerous cells [7]. P53 is responsible for maintaining genomic stability by allowing time 

for DNA repair and/or inducing apoptosis in irreversibly damaged cells. Several pathways for DNA 

repair are regulated by p53, such as base excision repair, nucleotide excision repair, and double-stranded 

break repair pathways. Additionally, p53 is responsible for triggering apoptosis. Intrinsic and extrinsic 

apoptosis pathways are mediated by p53 [50]. 

Mutated p53 can result in genomic instability, thereby increasing the risk of cancer. 

Consequently, p53 variants lose tumor suppressor functions to varying degrees and may acquire 

oncogenic properties. Metastasis promotion, genomic instability, increased cellular proliferation, and 

metabolic alterations are among the features through which mutated p53 increases the risk of cancer [6, 

8]. Mutated p53 can evade apoptosis by inhibiting the tumor-suppressive functions of p63 and p73. 

Genes associated with proliferation can be activated by mutated p53, resulting in increased cellular 

proliferation. Some of these genes include c-MYC, MAP2K3, CCNE2, and CXCL1. Moreover, enhanced 

metastasis and increased tumor aggressiveness have been seen in tumors with mutated p53. Metastasis 

can be enhanced by stabilization of mutated p53 through Rab-coupling protein-mediated secretion of 

Hsp90. The R172H variant of mutated p53 causes centrosome abnormalities through cyclin-CDK2 

activity, resulting in centrosome amplification and genomic instability [7]. 

TP53 missense mutations occur in approximately 30% of BC patients, making it the most 

mutated gene [6, 7]. The lifetime risk of developing BC in women with a TP53 mutation is 80-90%, 

compared to BRCA mutations, where the lifetime risk is 60-85% [51]. The frequency of TP53 mutations 

is linked to BC molecular subtypes and is mostly observed in TNBC, occurring in approximately 88% 

of patients. The majority of luminal subtypes remain a wild-type p53, while patients with HR-negative 

tumors more frequently harbor mutated p53. Although TP53 mutations are least common in luminal 

tumors, they occur in approximately 26% of BC cases. Luminal A tumors have been found to have a 

lower mutation frequency than Luminal B [7]. 

BC prognosis is worse in the presence of TP53 mutations [7]. A study by Hwang et al. 

investigated TP53 mutations in BC patients and tumor characteristics in a cohort of 650 women and 

found that patients with TP53 mutations were more frequently diagnosed with ductal-type BC, had 

higher-grade tumors, a higher rate of lymph node metastasis, and a higher Ki-67 index, compared to 

patients with wild-type TP53. Additionally, disease-free survival was analyzed. It was found that the 5-

year relapse-free survival (RFS) in patients with TP53 mutations was 88.1%, compared to 93.7% in 
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patients without mutation. The 10-year RFS rates were 83.5% for patients with TP53 mutations and 

86.6% for patients without the mutation. These findings indicate that TP53 mutations are more 

frequently observed in patients with more aggressive forms of BC and are associated with a worse 

prognosis [52]. A study conducted by Abubakar et al., investigating 7,226 women, showed that women 

with p53 mutations are more frequently presented with poorly differentiated tumors, larger tumor size, 

a higher Ki67 index, and more aggressive BC subtypes [53]. 

 

8.5 E2F1 
 

E2F is a group of transcription factors that regulate gene expression. Based on function, they can 

be organized into three subcategories: activators, canonical repressors, and atypical repressors. These 

subcategories consist of E2F1-3, E2F4-6, and E2F7-8, respectively. During the cell cycle, E2F 

transcription factors regulate gene expression, and play a role in cell proliferation, differentiation, 

apoptosis, and DNA repair [10]. E2F1 consists of 437 amino acids and is considered one of the most 

important proteins required for the progression of the cell cycle, specifically allowing the transition from 

the G1 to S phase. Because E2F1 has a transactivation domain and the ability to activate histone 

acetyltransferase, it is classified as an activator. Additionally, E2F1 plays a role in the induction of 

apoptosis. The retinoblastoma protein (Rb) is a tumor suppressor that regulates the function of E2F1. 

When cyclin-dependent kinases phosphorylate Rb at the G1/S transition, E2F1 is released, allowing it 

to bind DP1 or DP2, which are dimerization partners. E2F1-DP1 complexes induce transcription by 

binding to the consensus sequence TTTSSCGCS, where S represents C or G, in target genes. In the S 

phase, when Rb is dephosphorylated, it binds to E2F1, forming a complex that inhibits DNA binding of 

E2F1 and limits cell division [11]. This regulatory mechanism maintains control of the cell cycle and 

prevents tumorigenesis [12]. 

E2F1 plays a role in the activation of p53. The induction of apoptosis by E2F1 requires the 

activation of p53, p14ARF, and suppression of Mdm2. E2F1 can stabilize and phosphorylate p53 by 

inducing ATM expression, which subsequently activates and phosphorylates Chk2. E2F1 can also induce 

the expression of ASPP1 and ASPP2, cofactors of p53, resulting in apoptosis. In addition to directly 

activating and regulating p53, negative feedback mechanisms exist between E2F1 and p53, involving 

the protein DP1. P53 and E2F1 compete to bind DP1, which serves as the dimerization partner that 

allows E2F1 to activate and regulate p53 [11]. Both the p53 and the Rb pathways play a crucial role in 

tumor suppression. Therefore, these pathways are inactivated in a majority of cancers. In cases of Rb 

loss-of-function, E2F1 activates the tumor suppressor gene p53 and the alternate reading frame of the 

p53 gene to prevent tumor formation [12]. 
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E2F transcription factors regulate gene expression related to cell differentiation, proliferation, 

and DNA damage. Therefore, they play a significant role in the development of cancer. The Rb-E2F1 

complex is a key mechanism in preventing tumor formation, as it promotes cell regulation while limiting 

uncontrolled cell division [54]. The cells undergo replication stress when E2F1 is hyperactive due to 

continuous progression of the cell cycle [55]. However, the exact mechanism of cancer development in 

E2F1 hyperactivity is still unknown. High levels of E2F1 have been found in many cancer cells, despite 

having tumor suppressor functions. Cancer cells lacking E2F1 cannot replicate DNA and undergo 

apoptosis [56]. 

E2F1 is linked to poor prognosis in cancers such as bladder cancer, ovarian cancer, prostate cancer, 

and BC. Li et al. concluded that overall survival (OS) and disease-free survival (DFS) of cancer patients 

were unfavorable and significantly correlated with high levels of E2F1. In 59.8% of esophageal 

squamous cell carcinoma cases, E2F1 was highly expressed. Poor prognosis after surgery, tumor 

progression, and lymph node metastasis were correlated with the high levels of expression for E2F1 

[10]. Currently, there is a lack of studies investigating the impact of E2F1 polymorphisms on the 

prognosis of BC.  

 

8.6 Single nucleotide polymorphisms 
 

Polymorphisms refer to the occurrence of two or more alternative forms of DNA sequences 

within a population, with a frequency of at least 1%. The most prevalent form is single nucleotide 

polymorphisms (SNPs). Polymorphisms with higher occurrences in the population may suggest that they 

are naturally occurring and may have beneficial or neutral effects [13].  There are various forms of 

polymorphisms, including SNPs, short tandem repeats, variable numbers of tandem repeats, among 

others [57]. SNPs are genetic variations resulting from a change in a single nucleotide base in the DNA. 

They represent the most prevalent form of polymorphism in the human genome, accounting for over 

90% of all sequence variation, with approximately one polymorphic site per thousand base pairs and an 

estimated total of up to three million SNPs. More SNPs are located in non-coding regions of genes; 

however, they occur in coding regions as well [58]. SNPs located in promoter regions can alter 

transcription factor binding, promoter activity and epigenetic modifications such as DNA methylation 

and histone modifications, thereby affecting gene expression. SNPs in exonic regions can impair gene 

transcription and translation, resulting in increased cancer susceptibility [59]. 

  80 SNPs in the TP53 gene have been identified in humans. The majority of these SNPs are 

located in introns, non-coding exons, or outside splicing sites [60].  Two SNPs found in TP53 are 

rs9895829 and rs17884306. Studies investigating TP53 polymorphisms have reported inconsistent or no 

associations with tumor characteristics and survival outcomes across different cancer types. TP53 
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rs9895829 has been linked to several types of cancers, including osteosarcoma, prostate cancer, 

glioblastoma, and laryngeal squamous cell carcinoma (LSCC), while rs17884306 has been associated 

with LSCC [14, 15, 16]. The influence of selected SNPs of TP53 on cancer risk was investigated by 

Eiholzer et al., who found a 2.34-5.35 fold higher risk of developing cancer in individuals heterozygous 

for rs9895829 (TC) [14]. However, TP53 rs9895829 and rs17884306 have not been significantly 

associated with clinicopathological features or survival in LSCC [16]. Similarly, rs9895829 has not 

demonstrated an independent association with overall survival in prostate cancer and glioblastoma. 

However, when analyzed in combination with other TP53 variants, rs1042522 and rs2909430, these 

SNPs were linked to poorer survival [15]. Current data on the involvement of the TP53 polymorphisms 

in cancer remains limited, particularly in female BC. 

  rs3213183 and rs3213180 are SNPs of E2F1.  rs3213180 is located in the 3'untranslated region, 

while rs3213183 is located in the 3’ near gene of the E1F1 gene [16, 61]. These E2F1 SNPs have been 

associated with LSCC and squamous cell carcinomas of the head and neck (SCCHN) [17, 18]. Lu et al. 

showed that neither rs3213183 nor rs3213180, among other E2F1 SNPs, had a significant effect on the 

risk of developing SCCHN, though they may have a combined effect when analyzed together with other 

E2F1 SNPs [18]. A study by Jakstas et al. investigated the effect of E2F1 SNPs on LSCC and concluded 

that these SNPs, including rs3213183 and rs3213180, were not associated with an increased risk of 

developing LSCC. Additionally, rs3213180 was associated with lymph node involvement in LSCC, 

although neither SNP was associated with overall survival [17]. To date, there is limited evidence 

regarding the role of E2F1 polymorphisms in cancer, especially in female BC. 
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9. RESEARCH METHODOLOGY and METHODS 

 

 

9.1 Research organization 
 

The study was conducted at the Oncology Research Laboratory of the Institute of Oncology, 

Lithuanian University of Health Sciences. This study is part of an ongoing laboratory research project 

that was approved by the Kaunas Regional Biomedical Research Ethics Committee (protocol No. BE-

2-10 and No. P1-BE-2-10/2014).  

A total of 170 BC patients participated in this study. Genomic DNA samples that were 

previously isolated from the patients’ peripheral blood were used. These samples were stored in the 

Institute of Oncology’s biobank. The research used previously collected data that had been entered into 

a computer, where it was anonymized and encrypted. The inclusion criteria for this study included a 

confirmed diagnosis of BC and complete medical records. Patients were excluded if clinicopathological 

data were unavailable or if there was a history of other malignancies or significant comorbidities. 

The SNPs were selected based on a minor allele frequency (MAF) ranging from 0.05 to 0.35 in 

European populations, according to data from the 1000 Genomes Project. The selected SNPs have been 

previously reported in the literature to be associated with malignancies. The role of TP53 and E2F1 has 

been studied in relation to BC; however, there is a noticeable lack of data on the role of these SNPs in 

BC prognosis. 

 

9.2 Research method 
 

DNA was extracted using the “GeneJET Genomic DNA Purification Kit” (Thermo Fisher 

ScientificTM; K0721). DNA concentration was measured using the “Multiskan SkyHigh” Microplate 

Spectrophotometer (Thermo Fisher SpecificTM, A51119600DPC).  This study used already prepared 

DNA samples with a concentration of 10 ng/µL. Genotyping was performed using TaqMan® Genotyping 

Assays (Thermo Fisher ScientificTM, 4351379) in accordance with the manufacturer's instructions. 

Reactions were conducted in MicroAmpTM Optical 96-Well Reaction Plates (Applied BiosystemsTM, 

N8010650) and sealed with MicroAmpTM Optical Adhesive Film (Applied BiosystemsTM, 4311971). 

Polymerase chain reaction (PCR) is a method of DNA amplification. Quantitative real-time 

polymerase chain reaction (qPCR) is a modified PCR technique that allows the amplification process to 

be monitored in real time. In addition to being more sensitive, accurate, and faster than conventional 

PCR, qPCR allows the reliable quantification of the initial DNA amount by relating it to the amount of 
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amplified product produced during each cycle [62]. qPCR was performed to analyze the TP53 and E2F1 

polymorphisms. A total volume of 13µL (12µL of qPCR mixture and 1µL of DNA) was used for the 

qPCR. The composition of the mixture used in this study is presented in Table 1. The qPCR programme 

is shown in Table 2.  

Genotypes were assessed by comparing allele-specific fluorescence signals from the TaqMan 

SNP genotyping assays using an allelic discrimination plot. Homozygous samples produced signals that 

cluster along a single allele axis, whereas heterozygous samples produced signals from both alleles. 

 

Table 1. qPCR mixture composition for TP53 and E2F1 composition analysis 

Reagent Volume 

(µL) 

TaqManTM Universal Master MIX II, with UNG (Applied BiosystemsTM) (cat. no. 

440038) 

6.125 

TaqManTM SNP Genotyping Assay, human (Applied BiosystemsTM) (cat. no. 

4351376) 

0.625 

Nuclease-free water 5.25 

DNA sample (10 ng/µL) 1 

Total mix 13 

 

Table 2. Real-time qPCR programme for TP53 and E2F1 polymorphisms analysis 

Temperature (C°) Time Cycle number 

60 30 sec - 

95 10 min - 

95 15 sec  

40 
60 1 min 

60 30 sec - 
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9.3 Statistical analysis 
 

The IBM Statistical Package for Social Science (SPSS) (version 30.0), and Microsoft Excel were 

used for statistical analysis. To determine the age groups used in this study, Kolmogorov-Smirnov test 

was used to assess the normality of the distribution of age. If the age distribution was considered normal 

(p > 0.05), the mean age was used to define the age groups. However, if the distribution deviated from 

normality (p < 0.05), the median age was used. This was done to achieve more balance between the age 

groups and improve the reliability of the statistical analysis, rather than applying the predefined age cut 

off. The distributions of genotypes and alleles for the TP53 and E2F1 polymorphisms were examined 

using frequency tables. Hardy-Weinberg equilibrium (HWE) equation was used to assess whether the 

observed genotype frequencies differed from the expected frequencies in a population. The population 

is considered to be in HWE if p > 0.05, meaning that differences between observed and expective 

genotype frequencies are likely due to chance. However, if p < 0.05 the population is considered to 

deviate from the equilibrium significantly.  

To evaluate the relationship between genotypes, alleles, and clinicopathological characteristics, 

Pearson’s Chi-square test or Fisher’s Exact test was used. Univariate logistic regression analysis was 

performed to assess the association between the polymorphisms and clinicopathological features, and 

the odds ratios (ORs) with a 95% confidence interval were calculated. Multivariate logistic regression 

analysis was performed for variables that showed statistically significant associations in univariate 

analysis, in order to determine whether SNPs were independently associated with clinicopathological 

characteristics after adjustment for potential confounders. Three models were defined: Model 1 included 

age; Model 2 included age, HR, and HER2; Model 3 included age, receptor status, tumor size, lymph 

node metastasis, and histological grade.  

The Kaplan-Meier method was used to generate survival curves, and the statistical differences 

between the curves were evaluated using the log-rank test. Univariate Cox regression analysis was used 

to evaluate progression-free survival (PFS), metastasis-free survival (MFS), and overall survival (OS). 

PFS, MFS, OS are key endpoints in oncology used to evaluate patient outcomes. PFS refers to the time 

during which the disease does not progress [63]. MFS is the time till the occurrence of metastasis [64]. 

OS is the time from diagnosis until death from any cause [65]. Multivariate Cox regression analysis was 

performed for significant variables to assess independent associations with PFS, MFS, and OS, applying 

the same covariates as in the logistic regression models as described above.  

A p-value < 0.05 was considered statistically significant. 
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10. RESULTS 
 

 

10.1. Frequencies of clinicopathological characteristics 
 

The age at the time of diagnosis ranged from 30-74 years, with the median age being 47 years.  

The distribution of age was assessed using a normality test. As p < 0.001, the data significantly deviated 

from normality (p < 0.05), the median age (47 years) was used for grouping rather than the standard 

cutoff of 50 years. The two age groups were defined as < 47 years and ≥ 47 years.  

In this study, 67.6% of tumors were ER-positive, 58.8% were PR-positive, and 18.8% were 

HER2-positive. Additionally, 77.6% of tumors were well- to moderately differentiated (G1−G2), and 

67.1% were T1 stage (0−2cm). Most tumors had no lymph node (61.2%) or distant metastases (79.4%). 

After the follow-up period, 20.6% of patients developed distant metastasis, 24.7% experienced disease 

progression, and 18.8% died. The frequencies of the clinicopathological characteristics of the tumors are 

presented in Table 3.  

 

Table 3. Clinicopathological characteristics of study cohort (n=170) 

Characteristics Subgroup n (%) 
 

Age 
<47 years 90 (52.9) 
≥47 years 80 (47.1) 

 
Estrogen receptors (ER) 

ER negative 55 (32.4) 
ER positive 155 (67.6) 

 
Progesterone receptor (PR) 

PR negative 70 (41.2) 
PR positive 100 (58.8) 

 
HER2 receptor 

HER2 negative 138 (81.2) 
HER2 positive 32 (18.8) 

 
Tumor size (T) 

T1 (0–2 cm) 114 (67.1) 
T2 (>2–5 cm) 56 (32.9) 

 
Tumor grade (G) 

G1–G2 132 (77.6) 
G3–G4 38 (22.4) 

 
Lymph node involvement (N) 

Negative 104 (61.2) 
Positive 66 (38.8) 

 
Disease progression 

No 128(75.3) 
Yes 42(24.7) 

 
Metastasis 

No 135(79.4) 
Yes 35(20.6) 

 
Death 

No 138(81.2) 
Yes 32(18.8) 

Abbreviations: Age – age at the diagnosis; G1 – well differentiated; G2 – moderately differentiated; G3 – poorly 

differentiated; G4 – undifferentiated. 
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10.2. Distribution of genotypes and alleles  
 

In this study, TP53 (rs9895829 and rs17884306) and E2F1 (rs3213183 and rs3213183) SNPs 

were analyzed. The genotype frequencies of the analyzed polymorphisms are presented in Figure 1. For 

TP53 rs9895829, the allele frequencies were as follows: A (96.8%) and G (3.2%). For TP53 rs17884306, 

the allele frequencies were C (96.2%) and T (3.8%). For E2F1 rs3213183, the allele frequencies were A 

(73.5%) and G (26.5%), and for E2F1 rs321380 – G (90.3%) and C (9.7%).  

 

 
Figure 1. (A) TP53 rs9895829 genotype distribution; (B) TP53 rs17884306 genotype distribution; 

(C) E2F1 rs3213183 genotype distribution; (D) E2F1 rs3213180 genotype distribution 

 

 

HWE analysis, seen in Table 4, showed that three SNPs were in HWE (p > 0.05), while TP53 

rs9895829 deviated from HWE (χ² = 4.056, p = 0.044). Considering the small sample size, the borderline 

deviation from HWE, and the absence of a control group, TP53 rs9895829 was retained for further 

analysis. 
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Table 4. Hardy-Weinberg equilibrium analysis 

SNP Genotype 
Frequency 

Observed 

Frequency 

Expected 

Allele 

Frequency 

Chi-

square 
P value Conclusion 

TP53 rs9895829 

AA 160 159 
(A) 0.967 

(G) 0.032 
4.056 0.044 

Not in HWE 

equilibrium 
AG 9 11 

GG 1 0 

TP53 rs17884306 

CC 158 157 
(C) 0.962 

(T) 0.038 
2.456 0.117 

In HWE 

equilibrium  
CT 11 13 

TT 1 0 

E2F1 rs3213183 

AA 96 92 
(A) 0.735 

(G) 0.265 
2.595 0.107 

In HWE 

equilibrium 
AG 58 66 

GG 16 12 

E2F1 rs3213180 

GG 140 139 
(G) 0.903 

(C) 0.097 
1.498 0.221 

In HWE 

equilibrium 
GC 27 30 

CC 3 2 

 

 

10.3. Association analysis 
 

The association between the SNPs and clinicopathological characteristics was assessed using 

Pearson's Chi-square test and logistic regression analysis. Pearson’s Chi-square test revealed no 

statistically significant associations (p > 0.05) between the genotypes or alleles of TP53 and E2F1 

polymorphisms and clinicopathological characteristics. The results are presented in Tables 5−8.  
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Table 5. Pearson’s Chi-square analysis of TP53 rs9895829 and clinicopathological characteristics. 

Clinicopathological 
Characteristics 

TP53_rs9895829   

AA, 
n (%) 

AG, 
n (%) 

GG, 
n (%) p A-carrier, 

n (%) 

Non-
carrier, 
n (%) 

p G, 
n (%) 

Non-
carrier, n 

(%) 
p 

Age <47 85(53.1) 5(55.6) 0(0.0) 0.861 90(53.3) 0(0.0) 0.471 5(50.0) 85(53.1) 1.000 ≥47 75(46.9) 4(44.4) 1(100.0) 79(46.7) 1(100.0) 5(50.0) 75(46.9) 

Lymph node N0 98(61.3) 5(55.6) 1(100.0) 0.840 103(60.9) 1(100.0) 1.000 6(60.6) 98(61.3) 1.000 N1 62(38.8) 4(44.4) 0(0.0) 66(39.1) 0(0.0) 4(40.0) 62(38.8) 

Tumor size T1 107(66.9) 6(66.7) 1(100.0) 1.000 113(66.9) 1(100.0) 1.000 7(70.0) 107(66.9) 1.000 T2 53(33.1) 3(33.3) 0(0.0) 56(33.1) 0(0.0) 3(30.0) 53(33.1) 

Grade G1+G2 124(77.5) 7(77.8) 1(100.0) 1.000 131(77.5) 1(100.0) 1.000 8(80.0) 124(77.5) 1.000 G3+G4 36(22.5) 2(22.2) 0(0.0) 38(22.5) 0(0.0) 2(20.0) 36(22.5) 

ER status Negative 53(33.1) 2(22.0) 0(0.0) 0.810 55(32.5) 0(0.0) 1.000 2(20.0) 53(33.1) 0.503 Positive 107(66.9) 7(77.8) 1(100.0) 114(67.5) 1(100.0) 8(80.0) 107(66.9) 

PR status Negative 68(42.5) 2(22.2) 0(0.0) 0.383 70(41.4) 0(0.0) 1.000 2(20.0) 68(42.5) 0.200 Positive 92(57.5) 7(77.8) 1(100.0) 99(58.6) 1(100.0) 8(80.0) 92(57.5) 

HER2 status Negative 128(80) 9(100.0) 1(100) 0.359 137(81.1) 1(100.0) 0.100 10(100.0) 128(80) 0.211 Positive 32(20.0) 0(0.0) 0(0.0.0) 32(18.9) 0(0.0) 0(0.0) 32(20) 

Progression No 120(75.0) 7(77.8) 1(100.0) 1.000 127(75.1) 1(100.0) 1.000 8(80.0) 120(75) 1.000 Yes 40(25.0) 2(22.2) 0(0.0) 42(24.9) 0(0.0) 2(20.0) 40(25) 

Metastasis No 126(78.8) 8(88.9) 1(100.0) 0.751 134(79.3) 1(100.0) 1.000 9(90.0) 126(78.8) 0.689 Yes 34(21.3) 1(11.1) 0(0.0) 35(20.7) 0(0.0) 1(10.0) 34(21.3) 

Death No 129(80.6) 8(88.9) 1(100.0) 1.000 137(81.1) 1(100.0) 1.000 9(90.0) 129(80.6) 0.690 Yes 31(19.4) 1(11.0) 0(0.0) 32(18.9) 0(0.0) 1(10.0) 31(19.4) 
Age – age at diagnosis, N0 – no lymph node involvement, N1 – lymph node involvement, T1 – tumor size 0-2 cm, T2 – 

tumor size > 2-5 cm, G1+G2 – well and moderately differentiated tumors, G3+G4 – poor differentiated or undifferentiated 

tumors, p – P value.  

 

Table 6. Pearson’s Chi-square analysis of TP53 rs17884306 and clinicopathological characteristics. 

Characteristic n (%) 
TP53_rs17884306 

CC CT TT p C-carrier Non-
carrier p T-carrier Non-

carrier p 

Age <47 84(53.2) 6(54.4) 0(0.0) 0.872 90(53.3) 0(0.0) 0.471 6(50.0) 84(53.2) 1.000 ≥47 74(46.8) 5(45.5) 1(100.0) 79(46.7) 1(100.0) 6(50.0) 74(46.8) 
Lymph 
node  

N0 97(61.4) 6(54.5) 1(100.0) 0.849 103(60.9) 1(100.0) 1.000 7(58.3) 97(61.4) 1.000 N1 61(38.6) 5(45.5) 0(0.0) 66(39.1) 0(0.0) 5(41.7) 61(38.6) 

Tumor size T1 105(66.5) 8(72.7) 1(100.0) 1.000 113(66.9) 1(100.0) 1.000 9(75.0) 105(66.5) 1.000 T2 53(33.5) 3(27.3) 0(0.0) 56(33.1) 0(0.0) 3(25.0) 53(33.5) 

Grade G1+G2 122(77.2) 9(81.8) 1(100.0) 1.000 131(77.5) 1(100.0) 1.000 10(83.3) 122(77.2) 1.000 G3+G4 36(22.8) 2(18.2) 0(0.0) 38(22.5) 0(0.0) 2(16.7) 36(22.8) 

ER status Negative 52(32.9) 3(27.3) 0(0.0) 1.000 55(32.5) 0(0.0) 1.000 3(25.0) 52(32.9) 0.753 Positive 106(67.1) 8(72.7) 1(100.0) 114(67.5) 1(100.0) 9(75.0) 106(67.1) 

PR status Negative 67(42.4) 3(27.3) 0(0.0) 0.433 70(41.1) 0(0.0) 1.000 3(25.0) 67(42.4) 0.363 Positive 91(57.6) 8(72.7) 1(100.0) 99(58.6) 1(100.0) 9(75.0) 91(57.6) 

HER2 status Negative 126(79.7) 11(100.0) 1(100.0) 0.291 137(81.1) 1(100.0) 1.000 12(100.0) 126(79.7) 0.126 Positive 32(20.3) 0(0.0) 0(0.0) 32(18.9) 0(0.0) 0(0.0) 32(20.3) 

Progression No 118(74.7) 9(81.8) 1(100.0) 0.799 127(75.1) 1(100.0) 1.000 10(83.3) 118(74.7) 0.732 Yes 40(25.3) 2(18.2) 0(0.0) 42(24.9) 0(0.0) 2(16.7) 40(25.3) 

Metastasis No 124(78.5) 10(90.9) 1(100.0) 0.573 134(79.3) 1(100.0) 1.000 11(91.7) 124(78.5) 0.463 Yes 34(21.5) 1(9.1) 0(0.0) 35(20.7) 0(0.0) 1(8.3) 34(21.5) 

Death No 127(80.4) 10(90.9) 1(100.0) 0.750 137(81.1) 1(100.0) 1.000 11(91.7) 127(80.4) 0.468 Yes 31(19.6) 1(9.1) 0(0.0) 32(18.9) 0(0.0) 1(8.3) 31(19.6) 
Age – age at diagnosis, N0 – no lymph node involvement, N1 – lymph node involvement, T1 – tumor size 0-2 cm, T2 – 

tumor size > 2-5 cm, G1+G2 – well and moderately differentiated tumors, G3+G4 – poor differentiated or undifferentiated 

tumors, p – P value.  
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Table 7. Pearson’s Chi-square analysis of E2F1 rs3213183 and clinicopathological characteristics. 

Characteristics 

E2F1_rs3213183     

AA,   
n (%) 

AG,  
n (%) 

GG, 
n (%) p 

A-
carrier, 
n (%) 

Non-
carrier,  
n (%) 

p G, 
n (%)  

Non-
carrier, 
n (%) 

p 

Age <47 49(51.0) 30(51.7) 11(68.8) 0.429 41(55.4) 49(51.0)  0.682 79(51.3) 11(68.8) 0.286 ≥47 47(49.0) 28(48.3) 5(31.3) 33(44.6)  47(49.0) 75(48.7) 5(31.3) 

Lymph node  N0 62(64.6) 31(53.4) 11(68.8) 0.306 42(56.8) 62(64.6)  0.379 93(60.4) 11(68.8) 0.701 N1 34(35.4) 27(46.6) 5(31.3) 32(43.2)  34(35.4) 61(39.6) 5(31.3) 

Tumor size T1 68(70.8) 35(60.3) 11(68.8) 0.407 46(62.2) 68(70.8)  0.304 103(66.9) 11(68.8) 1.000 T2 28(29.2) 23(39.7) 5(31.3) 28(37.8)  28(29.2) 51(33.1) 5(31.3) 

Grade G1+G2 74(77.1) 45(77.6) 13(81.3) 0.964 58(78.4) 74(77.1)  0.988 119(77.3) 13(81.3) 1.000 G3+G4 22(22.9) 13(22.4) 3(18.8) 16(21.6)  22(22.9)  35(22.7) 3(18.8) 

ER status Negative 32(33.3) 17(29.3) 6(37.5) 0.806 23(31.1)  32(33.3) 0.884 49(31.8) 6(37.5) 0.856 Positive 64(66.7) 41(70.7) 10(62.5) 51(68.9)  64(66.7) 105(68.2) 10(62.5) 

PR status Negative 41(42.7) 21(36.2) 8(50.0) 0.567 29(39.2) 41(42.7)  0.760 62(40.3) 8(50.0) 0.627 Positive 55(57.3) 37(63.8) 8(50.0) 45(60.8)  55(57.3) 92(59.7) 8(50.0) 

HER2 status Negative 78(81.3) 47(81.0) 13(81.3) 1.000 60(81.1) 78(81.3)  1.000 125(81.2) 13(81.3) 1.000 Positive 18(18.8) 11(19.0) 3(18.8) 14(18.9)  18(18.8) 29(18.8) 3(18.8) 

Progression No 76(79.2) 43(74.1) 9(56.3) 0.139 52(70.3) 76(79.2)  0.248 119(77.3) 9(56.3) 0.074 Yes 20(20.8) 15(25.9) 7(43.8) 22(29.7)  20(20.8) 35(22.7) 7(43.8) 

Metastasis No 79(82.3) 46(79.3) 10(62.5) 0.191 56(75.7) 79(82.3)  0.386 125(81.2) 10(62.5) 0.102 Yes 17(17.7) 12(20.7) 6(37.5) 18(24.3)  17(17.7) 29(18.8) 6(37.5) 

Death No 77(80.2) 48(82.8) 13(81.3) 0.956 61(82.4) 77(80.2) 0.865 125(81.2) 13(81.3) 1.000 Yes 19(19.8) 10(17.2) 3(18.8) 13(17.6)   19(19.8) 29(18.8) 3(18.8) 
Age – age at diagnosis, N0 – no lymph node involvement, N1 – lymph node involvement, T1 – tumor size 0-2 cm, T2 – 

tumor size > 2-5 cm, G1+G2 – well and moderately differentiated tumors, G3+G4 – poor differentiated or undifferentiated 

tumors, p – P value.  

 

Table 8. Pearson’s Chi-square analysis of E2F1 rs3213180 and clinicopathological characteristics. 

Characteristics 

E2F1_rs3213180   

CC, 
n (%) 

CG, 
n (%) 

GG, 
n (%) p 

C-
carrier, 
n (%) 

Non-
carrier, 
n (%) 

p G, 
n (%) 

Non-
carrier, 
n (%) 

p 

Age <47 70(50.0) 19(70.4) 1(33.3) 0.086  
20(66.7) 70(50.0) 0.145  

90(53.6) 0(0.0)  
0.220 ≥47 70(50.0) 8(29.6) 2(66.7) 10(33.3) 70(50.0) 78(46.4) 1(100.0) 

Lymph node N0 85(60.7) 16(59.3) 3(100.0) 0.513  
19(63.3) 85(60.7) 0.952  

102(60.7) 2(100.0)  
0.522 N1 55(39.3) 11(40.7) 0(0.0) 11(36.7) 19(63.3) 66(39.3) 0(0.0) 

Tumor size T1 92(65.7) 20(74.1) 2(66.7) 0.778  
22(73.3) 92(65.7) 0.554  

113(67.3) 1(50.0)  
0.552 T2 48(34.3) 7(25.9 1(33.3) 8(26.7) 48(34.3) 55(32.7) 1(50.0) 

Grade G1+G2 109(77.9) 20(74.1) 3(100.0) 0.826  
23(76.7) 109(77.9) 1.000 130(77.4) 2(100.0) 1.000  G3+G4 31(22.1) 7(25.9) 0(0.0) 7(23.3) 31(22.1)  38(22.6) 0(0.0) 

ER status Negative 43(30.7) 11(40.7) 1(33.3) 0.565 12(40.0) 43(30.7) 0.440  
55(32.7) 0(0.0)  

1.000 Positive 97(69.3) 16(59.3) 2(66.7) 18(60.0) 97(69.3) 113(67.3) 2(100.0) 

PR status Negative 57(40.7) 11(40.7) 2(66.7) 0.742  
13(43.3) 57(40.7) 0.952  

69(41.1) 1(50.0)  
1.000 Positive 83(59.3) 16(59.3) 1(33.3) 17(56.7) 83(59.3) 99(58.9) 1(50.0) 

HER2 status Negative 114(81.4) 21(77.8) 3(100.0) 0.669  
24(80.0) 114(81.4) 1.000  

136(81.0) 2(100.0)  
1.000 Positive 26(18.6) 6(22.2) 0(0.0) 6(20.0) 26(18.6) 32(19.0) 0(0.0) 

Progression No 108(77.1) 19(70.4) 1(33.3) 0.154  
20(66.7) 108(77.1) 0.330  

127(75.6) 1(50.0)  
0.434 Yes 32(22.9) 8(29.6) 2(66.7) 10(33.3) 32(22.9) 41(24.4) 1(50.0) 

Metastasis No 114(81.4) 19(70.4) 2(66.7) 0.245  
21(70.0) 114(81.4) 0.248  

134(79.8) 1(50.0)  
0.370 Yes 26(18.6) 8(29.6) 1(33.3) 9(30.0) 26(18.6) 34(20.2) 1(50.0) 

Death No 113(80.7) 22(81.5) 3(100) 1.000  
25(83.3) 113(80.7) 0.940 136(81.0) 2(100.0) 1.000 Yes 27(19.3) 5(18.5) 0(0.0) 5(16.7) 27(19.3) 32(19.0) 0(0.0) 
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Age – age at diagnosis, N0 – no lymph node involvement, N1 – lymph node involvement, T1 – tumor size 0-2 cm, T2 – 

tumor size > 2-5 cm, G1+G2 – well and moderately differentiated tumors, G3+G4 – poor differentiated or undifferentiated 

tumors, p – P value.  

 

Similarly, univariate logistic regression analysis did not show any statistically significant 

associations between the genotypes or alleles of TP53 and E2F1 polymorphisms and clinicopathological 

characteristics as presented in Tables 9−12. Consequently, multivariate analysis was not performed.  

Since the TP53 rs9895829 GG genotype was observed in only one patient, individuals with AG 

and GG genotypes were combined and a dominant model (AG+GG vs AA) was applied in the logistic 

regression analysis. Due to the very low frequency of the GG genotype, the obtained results essentially 

reflect the effect of the heterozygous (AG) genotype. The A allele carrier vs non carrier model and the 

G allele carrier vs non carrier model was not performed. This is due to the low frequency of GG genotype 

and very high frequency of AA genotype as it would lead to unstable estimates. However, no statistically 

significant associations were observed (p > 0.05).  

 

Table 9: Univariate regression analysis for TP53 rs9895829 and clinicopathological characteristics  
 Age group Lymph node Tumor size G ER 

Covariates OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p 

AG+GG vs AA 1.133 0.316- 
4.068 0.848 1.054 0.286- 

3.884 0.937 0.865 0.215- 
3.481 0.838 0.861 0.175- 

4.237 0.854 1.981 0.406- 
9.658 0.398 

 PR HER 2 Progression Metastasis Death 
Covariates OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p 

AG+GG vs AA 2.957 0.608- 
14.366 0.179 0.000 0.000 0.999 0.750 0.153- 

3.679 0.723 0.412 0.050- 
3.364 0.408 0.462 0.056- 

3.787 0.472 

OR – odds ratio, CI – confidence interval, p – P value, Age group - ≥47 versus < 47, Lymph node – N1 versus N0, Tumor 

size – T2 versus T1, G – G3+G4 versus G1+G2, ER – Positive versus Negative, PR – Positive versus Negative, HER2 – 

Positive versus Negative, Progression – Yes versus No, Metastasis – Yes versus No, Death – Yes versus No.  

 

Additionally, the TP53 rs17884306 TT genotype was observed in only one patient, therefore 

individuals with CT and TT genotypes were combined and a dominant model (CT+TT vs CC) was 

applied in the logistic regression analysis. Due to the very low frequency of the TT genotype, the 

obtained essentially reflect the effect of the heterozygous (CT) genotype. Additionally, due to the high 

frequency of the CC genotype and low frequency of TT genotype the C allele carrier vs non carrier 

model and the T allele carrier model was not performed. The resulting imbalances would result in 

unreliable estimates. No statistically significant associations were observed (p > 0.05).  
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Table 10: Univariate regression analysis for TP53 rs17884306 and clinicopathological 

characteristics  
 

Age group Lymph node Tumor size G ER 
Covariates OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p 
CT+TT vs 

CC 1.135 0.351- 
3.672 0.832 1.136 0.345- 

3.739 0.834 0.660 0.172- 
2.542 0.546 0.678 0.142- 

3.235 0.626 1.472 0.382- 
5.666 0.574 

 
PR HER 2 Progression Metastasis Death 

Covariates OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p 
CT+TT vs 

CC 2.209 0.576- 
8.471 0.248 0.000 0.000 0.999 0.590 0.124- 

2.808 0.507 0.332 0.041- 
2.659 0.299 0.372 0.046-

2.994 0.353 

OR – odds ratio, CI – confidence interval, p – P value, Age group - ≥47 versus < 47, Lymph node – N1 versus N0, Tumor 

size – T2 versus T1, G – G3+G4 versus G1+G2, ER – Positive versus Negative, PR – Positive versus Negative, HER2 – 

Positive versus Negative, Progression – Yes versus No, Metastasis – Yes versus No, Death – Yes versus No.  

 

All genotype and allelic models were performed as the frequencies of all the genotypes (AA, 

AG, and GG) of E2F1 rs3213183 were sufficient. 

 

Table 11. Univariate regression analysis for E2F1 rs3213183 and clinicopathological 

characteristics  
 

Age group Lymph node Tumor size G ER 
Covariates OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p 

AG vs AA 0.973 0.507- 
1.868 0.935 1.588 0.817- 

3.086 0.172 1.596 0.804- 
3.169 0.182 0.972 0.446- 

2.118 0.942 1.206 0.595-
2.445 0.604 

GG vs AA 0.474 0.153- 
1.467 0.195 0.829 0.266- 

2.584 0.746 1.104 0.351- 
3.469 0.866 0.776 0.203- 

2.972 0.712 0.833 0.278- 
2.497 0.745 

A allele 
carrier vs 

non-
carrier 

0.839 0.457- 
1.542 0.572 1.389 0.746- 

2.587 0.300 1.478 0.777- 
2.814 0.234 0.928 0.447- 

1.925 0.841 1.109 0.579- 
2.124 0.756 

G allele 
carrier vs 

non-
carrier 

2.089 0.693- 
6.296 0.191 1.443 0.478- 

4.358 0.516 1.089 0.359- 
3.302 0.880 1.275 0.344- 

4.727 0.717 1.286 0.442- 
3.739 0.644 

 
PR HER 2 Progression Metastasis Death 

Covariates OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p 

AG vs AA 1.313 0.671- 
2.569 0.426 1.014 0.441- 

2.332 0.974 1.326 0.616- 
2.854 0.471 1.212 0.532- 

2.762 0.647 0.844 0.362- 
1.968 0.695 

GG vs AA 0.587 0.258- 
2.152 0.587 1.000 0.258- 

3.881 1.000 2.956 0.980- 
8.912 0.054 2.788 0.892-

8.716 0.078 0.935 0.242- 
3.615 0.923 

A allele 
carrier vs 

non-
carrier 

1.157 0.624- 
2.145 0.644 1.011 0.466- 

2.195 0.978 1.608 0.798- 
3.240 0.184 1.494 0.708- 

3.150 0.292 0.864 0.395- 
1.887 0.713 

G allele 
carrier vs 

non-
carrier 

1.484 0.529- 
4.163 0.453 1.005 0.269- 

3.759 0.994 0.378 0.131- 
1.088 0.071 0.387 0.130- 

1.150 0.087 1.005 0.269- 
3.759 0.994 

OR – odds ratio, CI – confidence interval, p – P value, Age group - ≥47 versus < 47, Lymph node – N1 versus N0, Tumor 

size – T2 versus T1, G – G3+G4 versus G1+G2, ER – Positive versus Negative, PR – Positive versus Negative, HER2 – 

Positive versus Negative, Progression – Yes versus No, Metastasis – Yes versus No, Death – Yes versus No.  
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Due to the low frequency of the E2F1 rs3213180 GG genotype, which would lead to unstable 

estimates, the G allele carrier vs non carrier model was not performed. However, no statistically 

significant associations were observed (p > 0.05).  

 
Table 12. Univariate logistic regression analysis for E2F1 rs3213180 and tumor characteristics 

 
Age group Lymph node Tumor size G ER 

Covariates OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p 

GC vs GG 0.421 0.173- 
1.025 0.057 1.063 0.459- 

2.459 0.887 0.671 0.265- 
1.698 0.400 1.231 0.477- 

3.178 0.668 0.645 0.276- 
1.505 0.310 

CC vs GG 2.000 0.177- 
22.564 0.575 0.000 0.000 0.999 0.958 0.085- 

10.839 0.973 0.000 0.000 0.999 0.887 0.078- 
10.042 0.923 

C allele 
carrier vs 

non-
carrier 

0.500 0.218- 
1.145 0.101 0.895 0.396- 

2.024 0.789 0.697 0.289- 
1.682 0.422 1.070 0.420- 

2.727 0.887 0.665 0.295- 
1.501 0.326 

 
PR HER 2 Progression Metastasis Death 

Covariates OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p OR 95% CI p 

GC vs GG 0.999 0.432- 
2.310 0.998 1.253 0.460- 

3.413 0.659 1.421 0.569- 
3.550 0.452 1.846 0.729- 

4.676 0.196 0.951 0.330- 
2.740 0.926 

CC vs GG 0.343 0.030- 
3.877 0.387 0.000 0.000 0.999 6.750 0.593- 

76.876 0.124 2.192 0.191- 
25.101 0.528 0.000 0.000 0.999 

C allele 
carrier vs 

non-
carrier 

0.898 0.405- 
1.993 0.791 1.096 0.407- 

2.952 0.856 1.687 0.717- 
3.970 0.231 1.879 0.772- 

4.574 0.165 0.837 0.294- 
2.387 0.739 

OR – odds ratio, CI – confidence interval, p – P value, Age group - ≥47 versus < 47, Lymph node – N1 versus N0, Tumor 

size – T2 versus T1, G – G3+G4 versus G1+G2, ER – Positive versus Negative, PR – Positive versus Negative, HER2 – 

Positive versus Negative, Progression – Yes versus No, Metastasis – Yes versus No, Death – Yes versus No.  

 

 

10.4. Survival analysis 
 

The effect of TP53 and E2F1 polymorphism on PFS, MFS, and OS in BC patients was analyzed 

using Kaplan-Meier analysis and Cox’s regression analysis. Neither genotype nor allele analyses using 

Kaplan-Meier's curves demonstrated statistically significant associations, as shown in the Annex 

(Figures A1-A12). Furthermore, univariate Cox’s regression analysis showed that no statistically 

significant associations were observed between TP53 and E2F1 polymorphisms and PFS, MFS, and OS 

in either genotypic or allelic models. The results are presented in Table 13. As no statistically significant 

associations were found multivariate analysis was not performed.  

Similarly, to logistic regression analysis, due to only one patient having the TP53 rs9895829 GG 

genotype a dominant model (AG+GG vs AA) was applied for Cox’s regression analysis. The obtained 

results essentially reflect the effect of the heterozygous (AG) genotype due to the very low frequency of 

the GG genotype. The A allele carrier vs non carrier model as well as the G allele carrier vs non carrier 
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model was not performed. This is due to the high frequency of AA and low frequency of GG as the 

models would lead to unreliable estimates. 

A dominant model (CT+TT vs CC) was applied for Cox’s regression analysis due to only one 

patient having the TP53 rs17884306 TT genotype. Due to the very low frequency of the TT genotype, 

the obtained results essentially reflect the effect of the heterozygous (CT) genotype. Due to the high 

frequency of the CC genotype and low frequency of TT genotype the C allele carrier vs non carrier 

model and the T allele carrier model was not performed, as these models would result in unstable 

estimates. 

As the frequencies of all the genotypes (AA, AG, and GG) of E2F1 rs3213183 was sufficient all 

genotype and allelic models were performed.  

The G allele carrier vs non carrier model was not performed due to the low frequency of the 

E2F1 rs3213180 GG genotype as it would lead to unstable estimates.  

 
 

Table 13. Cox’s univariate analysis of TP53 and E2F1 polymorphisms for PFS, MFS and OS in 
genotypic and allelic modules. 

 

HR – hazard radio, CI – confidence interval, p – P value

  Progression-free survival Metastasis-free survival Overall survival 
SNPs Covariates HR  95% CI p HR 95% CI p HR 95% CI p 
TP53 

rs9895829 AG+GG vs AA 0.764 0.185- 3.162 0.711 0.453 0.062- 3.312 0.436 0.527 0.072- 3.860 0.528 

TP53 
rs17884306 CT+TT vs CC 0.606 0.146- 2.509 0.490 0.359 0.049- 2.619 0.312 0.406 0.055- 2.978 0.376 

E2F1 
rs3213183 

AG vs AA 1.226 0.627- 2.395 0.551 1.153 0.550- 2.414 0.706 0.819 0.381- 1.762 0.610 
GG vs AA 2.195 0.928- 5.192 0.073 2.098 0.826- 5.328 0.119 0.835 0.247- 2.827 0.772 

A allele carrier 
vs non-carrier 1.426 0.778- 2.614 0.251 1.357 0.699- 2.632 0.367 0.823 0.406- 1.666 0.588 

G allele carrier 
vs non-carrier 0.495 0.220- 1.114 0.089 0.504 0.209- 1.216 0.127 1.113 0.338- 3.659 0.860 

E2F1 
rs3213180 

CG vs GG 1.269 0.585- 2.755 0.547 1.555 0.704- 3.436 0.275 0.861 0.331- 2.240 0.760 
CC vs GG 2.789 0.668- 11.643 0.160 1.590 0.216- 11.727 0.649 0.000 0.000 0.981 

C allele carrier 
vs non-carrier 1.424 0.700- 2.898 0.329 1.559 0.730- 3.328 0.252 0.772 0.297- 2.008 0.596 



 

11. DISCUSSION of the RESULTS 
 

 

The distribution of genotypes and alleles for TP53 (rs9895829, rs17884306) and E2F1 

(rs3213183, rs3213180) polymorphisms was analyzed among BC patients. Ru J. et al conducted a study 

investigating TP53 polymorphisms in osteosarcoma in a Chinese population. The genotype distribution 

was similar to the results observed in this study. TP53 rs9895829 showed that the majority of patients 

had the AA genotype, while no patients had the GG genotype [15].  Jakstas T. et al. reported similar 

findings for the genotype distribution of TP53 rs9895829 in LSCC. Additionally, they investigated 

rs17884306 in which the CC genotype was the most frequent [16]. Jakstas T. et al. also investigated the 

association of E2F1 polymorphisms with clinicopathological features of LSCC. The distribution of 

genotypes for E2F1 rs3213183 showed that the genotype GG and G allele carriers were the most 

common. Additionally, for E2F1 rs3213180, the GG genotype and G allele carrier status were the most 

frequent [17]. In contrast, our study found different genotypic distributions for E2F1 rs3213183, where 

the AA genotype and A allele carriers had the highest frequency. Lu M. et al investigated the effect of 

E2F1 and E2F2 on squamous cell carcinomas in the head and neck. The results were similar to those 

reported by Jakstas T. et al., in which GG was the most frequent genotype for E2F1 rs3213183 and E2F1 

rs3213180 [17, 18]. Overall, few studies have analyzed the distribution of TP53 rs9895829 and 

rs17884306, E2F1 rs3213183 and rs3213180, and there is a lack of data for these polymorphisms in 

female breast cancer. 

In our study, no statistically significant associations were observed between clinical-

pathological features of BC tumors and the SNPs. Jakstas T. et al. concluded that TP53 rs9895829 and 

rs17884036 are not significantly associated with clinicopathological features of tumors in LSCC [16]. 

However, Jakstas T. et al. found a significant association between tumor size, lymph node involvement 

and the clinical stage with E2F1 rs3213180. The E2F1 rs3213180 heterozygous GC genotype was 

statistically significantly associated with lymph node involvement in LSCC [17]. There are limited 

studies investigating the relationship between these polymorphisms and tumor characteristics. These 

SNPs have been found to be associated with other forms of cancer such as osteosarcoma and LSCC; 

however, no studies were found where the SNPs were investigated in female breast cancer. 

In our study, there were no statistically significant associations observed between PFS, MFS 

and OS and the SNPs. Jakstas T. et al. concluded that TP53 rs9895829 and rs17884036 had no influence 

on OS in LSCC [16]. Heterozygosity at TP53 rs9895829, combined with rs1042522 and rs2909430, by 

Eiholzer RA. et al, was associated with a shorter survival for patients with prostate cancer and 
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glioblastoma [14]. Similar results were seen in Ru J. et al., where TP53 rs9895829 had no association 

with OS in osteosarcoma [15]. E2F1 rs3213180 and rs3213183 were found to have no effect on 5- year 

survival in LSCC according to Jakstas T. et al. [17]. The available literature did not reveal any studies 

investigating the association between the SNPs and PFS and MFS. 

In summary, our analysis indicates that TP53 rs9895829 and rs17884036, as well as E2F1 

rs321383 and rs321380, do not demonstrate statistically significant associations with BC 

clinicopathological characteristics or clinical outcomes. The absence of statistically significant 

associations may be in part attributed to the small sample size and low minor allele frequencies which 

likely reduced statistical power. Additionally, several genotypes and alleles were rare, resulting in sparse 

data within comparison groups. Further research in larger cohorts with more balanced genotype and 

allele distribution is recommended to validate these findings and further investigate the potential role of 

these polymorphisms on breast cancer prognosis. 
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12. CONCLUSIONS 
 

 

1. The genotype distribution of TP53 rs9895829 was predominantly AA (94.1%), while AG (5.3%) 

and GG (0.6%) was less frequent. The A allele (96.8%) was more prevalent than the G allele 

(3.2%). Similarly, the genotype distribution of TP53 rs17884306 was mainly CC (92.9%), 

followed by CT (6.5%) and TT (0.6%). The C allele (96.2%) was more frequent than the T allele 

(3.8%). 

2. The genotype distribution of E2F1 rs3213183 was mainly AA (56.5%) followed by AG (34.1%) 

and GG (9.4%), while the A allele was more prevalent (73.5%) than the G allele (26.5%). For 

E2F1 rs3213180, the genotype GG (82.4%) was the most common, whereas GC (15.9%) and 

CC (1.8%) occurred less frequently. The G allele (90.3%) was more prevalent than the C allele 

(9.7%). 

3. No statistically significant associations were determined between TP53, E2F1 SNPs and 

clinicopathological characteristics. 

4. No statistically significant association were determined between TP53, E2F1 SNPs and PFS, 

MFS and OS. 
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14. ANNEX 
 

 

Kaplan- Meier survival curves by genomic models 

 

 
Figure A1. A) TP53 rs9895829 and progression B) TP53 rs9895829 and metastasis C) TP53 rs9895829 and death 

 

 
 

Figure A2. A) TP53 rs17884306 and progression B) TP53 rs17884306 and metastasis C) TP53 rs17884306 and death 
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Figure 3A. A) E2F1 rs3213183 and progression B) E2F1 rs3213183 and metastasis C) E2F1 rs3213183 and death 
 

 
Figure A4. A) E2F1 rs3213180 and progression B) E2F1 rs3213180 and metastasis C) E2F1 rs3213180 and death 
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Kaplan- Meier survival curves by allelic model 

 
 

 
Figure A5. A) TP53 rs9895829_A and progression B) TP53 rs9895829_A and metastasis C) TP53 rs9895829_A and 

death 

 

 
Figure A6. A) TP53 rs9895829_G and progression B) TP53 rs9895829_G and metastasis C) TP53 rs9895829_G 

and death 
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Figure A7. A) TP53 rs17884306_C and progression B) TP53 rs17884306_C and metastasis C) TP53 rs17884306_C and 

death 
 

 
Figure A8. A) TP53 rs17884306_T and progression B) TP53 rs17884306_T and metastasis C) TP53 rs17884306_T and 

death 
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Figure A9. A) E2F1 rs3213183 _A and progression B) E2F1 rs3213183_A and metastasis C) E2F1 rs3213183_A and 

death 
 
 
 

 
Figure A10. A) E2F1 rs3213183_G and progression B) E2F1 rs3213183_G and metastasis C) E2F1 rs3213183_G and 

death 
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Figure A11. A) E2F1 rs3213180_C and progression B) E2F1 rs3213180_C and metastasis C) E2F1 rs3213180_C and 
death 

 

 
Figure A12. A) E2F1 rs3213180_G and progression B) E2F1 rs3213180_G and metastasis C) E2F1 rs3213180_G and 

death 
 


