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1. SUMMARY

Author: Daryna Bulakh

Scientific supervisor: Justina Jurevice

Title: Investigation of Associations between RRPIB Gene Variants and Breast Cancer Phenotype
and Patient Survival

Aim: To investigate RRPIB gene variants and their associations with breast cancer phenotype and
patient survival

Objectives:

1. To determine the distribution of RRPIB rs2838342 and rs2051407 in the study cohort by
assessing genotype and allele frequencies.

2. To evaluate the associations of RRPIB rs2838342 and rs2051407 with clinicopathological
characteristics and clinical events.

3. To evaluate the associations between studied polymorphisms and patient survival.

Methodology: The study included 191 patients whose DNA samples were collected at the Institute of
Oncology at the Lithuanian University of Health Sciences. In this study, genotyping of RRPIB
rs2838342 and 152051407 was performed using real-time PCR. All anonymized clinicopathological data
were extracted from previously collected clinical records. Statistical software “IBM SPSS Statistics
30.0.0” was used to perform statistical analyses, including associations and survival analyses. The
research protocol was approved by the Kaunas Regional Biomedical Research Ethics Committee
(protocol No. BE-2-10 and No. P1-BE-2-10/2014).

Results and conclusions:

1. For both RRPIB rs2838342 and rs2051407 polymorphisms, heterozygous genotypes (AG and
CT, respectively) were the most frequent in the study cohort, while homozygous genotypes (GG
and TT) were the least frequent. At the allelic level, the A allele was more prevalent than the G
allele for rs2838342, whereas the C allele was more frequent than the T allele for rs2051407.

2. The RRPIB rs2838342 showed that the G allele was associated with larger tumor size, whereas
the A allele was associated with ER positivity; additionally, the rs2051407 C allele was associated
with a reduced likelihood of larger tumors.

3. No statistically significant associations were found between RRPIB rs2838342 and rs2051407
and PFS, MFS, and OS.
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5. ABBREVIATIONS

ALAN - Artificial light at night

AS — Angiosarcoma

BC — Breast cancer

CDK - Cyclin-dependent kinase

DCIS — Ductal carcinoma in situ

DDT — Dichlorodiphenyltrichloroethane
DNA — Deoxyribonucleic acid

DNMT — DNA methyltransferase

EMT — (Epithelial-mesenchymal transition)
ER — Estrogen receptor

HDI — Human development index

HER2 — Human epidermal growth factor receptor 2
HRR — Homologous recombination

HRT — Hormone replacement therapy

IBC — Inflammatory breast cancer

IDC — Infiltrating ductal carcinoma

ILC — Invasive lobular carcinoma

LCIS — Lobular carcinoma in situ

MAPK — Mitogen activated protein kinase
MC — Medullary carcinoma

MEFS — Metastasis-free survival

MuC — Mucinous carcinoma

OS — Overall survival

PD — Paget disease

PFS — Progression-free survival

PI3K — Phosphoinositide 3-kinase
PI3BK-AKT-mTOR pathway — Phosphoinositide 3-kinase/Protein kinase B/ Mammalian target of
rapamycin pathway

PR — Progesterone receptor

PT - Phyllodes tumor



RAS-RAF-MEK-ERK-MAPK pathway — Mitogen-activated Protein Kinase (MAPK) signaling pathway
RNA — Ribonucleic acid

RT-PCR — Real- time — polymerase chain reaction

SNPs — Single nucleotide polymorphisms

TC — Tubular carcinoma

TNBC — Triple-negative breast cancer



6. INTRODUCTION

Breast cancer (BC) remains one of the most important oncological diseases worldwide.
According to global cancer statistics, BC became the most commonly diagnosed cancer in 2020, with
approximately
2.3 million new cases reported worldwide, accounting for 11.7% of all newly diagnosed cancers [1].
BC still causes a huge number of cancer-related deaths among women and remains a complex disease
with diverse clinical outcomes [1,15].

BC is a heterogeneous group of tumors that differ in their histological appearance, molecular
subtype, genetic background, therapeutic response, and prognosis [15,17,18]. Its development is driven
by a combination of environmental, hormonal, lifestyle, genetic, and epigenetic factors [6,13,17]. While
high- penetrance mutations in genes such as BRCA1, BRCA2, TP53, and PALB2 explain a proportion
of hereditary BC cases, a growing body of evidence suggests that low- and moderate-penetrance
genetic variants may also contribute to disease susceptibility, tumor phenotype, and progression [6,15].

One of the genes of growing interest in this context is RRP1B (ribosomal RNA processing 1
homolog B), located on chromosome 21g22.3. RRPI1B encodes a nuclear protein involved in chromatin
regulation, transcriptional control, and metastasis suppression [27,35]. Experimental studies have
demonstrated that RRPIB interacts with chromatin-associated proteins such as TRIM28, HP1a, and
SETDBI1, thereby contributing to the repression of pro-metastatic genes and influencing tumor
progression [27]. In addition, RRP1B has been implicated in the regulation of cancer cell growth and
motility through the DOCKI-RRP1B—claudin-1 axis in claudin-low BC, suggesting that this gene may
be functionally involved in aggressive tumor behavior [27].

Previous association studies have already suggested a possible significance of RRPIB gene
single nucleotide polymorphisms (SNPs), in BC, although the available evidence remains limited
The RRPI1B polymorphisms have been associated with BC phenotype, lymph node status, metastatic
progression, and survival in some populations [2,29]. A Lithuanian study reported that polymorphisms
in SIPAI and RRPIB may contribute to differences in BC phenotype and survival among young
patients [2]. Similarly, other studies have suggested that RRPIB polymorphisms may be related to tumor
phenotype, disease progression, and metastasis in cervical cancer [29,35]. Moreover, findings from Iraqi
BC patients also support a potential role of RRP1B gene polymorphisms in BC biology [36].

Therefore, the present study was designed to investigate the association between RRPIB gene
rs2838342 and rs2051407 polymorphisms and BC phenotype and patient survival. By analyzing

genotype and allele distribution, their relationship with clinicopathological features, and their possible |,



association with disease course, progression, metastasis, and overall survival, this study aims to
contribute to the understanding of whether RRPIB polymorphisms may serve as markers of tumor

behavior and prognostic heterogeneity in breast cancer.
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7. AIM AND OBJECTIVES

Aim:

To investigate RRPIB gene variants and their associations with breast cancer phenotype and patient
survival

Objectives:
1. To determine the distribution of RRPIB rs2838342 and rs2051407 in the study cohort by
assessing genotype and allele frequencies.
2. To evaluate the associations of RRPIB rs2838342 and rs2051407 with clinicopathological
characteristics and clinical events.

3. To evaluate the associations between the studied polymorphisms and patient survival.
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8. LITERATURE REVIEW

8.1. Epidemiology of breast cancer

Breast cancer (BC) is a heterogeneous disease with varied clinical behavior, prognosis, and therapy
response [1]. In 2020, 2.3 million new cases accounted for 11.7% of cancer diagnoses globally [2]. BC
is the second most prevalent cancer and the most common among women, remaining a major global
health challenge despite advances.

High Human Development Index (HDI) countries, like North America, Australia, and parts of Europe,
have higher BC prevalence due to hormonal, lifestyle factors, and early detection [3]. In the US, Black
women have earlier onset and higher mortality than White women [4].

In Lithuania, cancer caused 16.1% of female deaths in 2022. During the COVID-19 pandemic, it
remained a leading cause among women. In 2021, BC was the third leading cause of female death (14%).

Male BC made up 9% of male cancer cases [5].

8.1.1. Breast cancer-associated risk factors

BC risk factors are modifiable or non-modifiable. Hereditary cases account for 5-10% [6]. Hormones,
especially estrogen, influence risk by affecting cell proliferation and DNA damage [7]. Late menarche,
early menopause, and short cycles increase risk [8]. Older age at first childbirth and abortion may elevate
risk, while breastfeeding lowers it [9-11]. More physical activity and a Mediterranean diet lower risk
[12]. Environmental factors like radiation, chemicals (e.g., DDT, dioxins, PFOSA), and artificial light
may increase BC risk [13].

Key genetic risk factors include high-penetrance mutations: BRCA [ (linked to TNBC), BRCA2 (hormone
receptor-positive BC), TP53, PALB2, PTEN, CDH1,and STK11 [14-16]. These can confer up to 80-90%
lifetime BC risk.

Several studies have suggested that the CHEK2, ATM, BARD1, and CDH1 genes are associated with a
moderate increase in risk. It is important to note that the CHEK?2 1100delC mutation is a susceptibility
allele in individuals who are non-carriers of BRCA1/2 mutations (6,14).

Low-penetrance genes (ATM, BRIPI, NF1, RAD51C, RAD51D, FANCC) confer modest risk. Variations
in genes like CYP17, CYP19, GSTM1, and NQO?2, involved in estrogen synthesis, may have cumulative
effects [15,17].

8.2. Breast cancer classification

8.2.1. Histological classification

13



The World Health Organization (WHO), as shown in Figure 1, classifies BC as non-invasive (in situ) or
invasive, using morphological and molecular criteria to guide diagnosis and treatment [18].

Carcinoma in situ is a proliferation of malignant cells confined to the basement membrane, mainly
including ductal carcinoma in situ (DCIS) and lobular carcinoma in situ (LCIS) [15]. DCIS can be further
divided into architectural patterns: comedocarcinoma, cribriform, micropapillary, papillary, and solid.
Micropapillary DCIS has a biovascular core, unlike papillary DCIS. Solid and comedo DCIS are
aggressive and more likely to become invasive [17,18]. Cribriform, micropapillary, and papillary DCIS
are low-grade with low progression risk. LCIS is rare, non-invasive, and usually marks increased future
BC risk [19].

Invasive BC includes ductal (IDC), lobular (ILC), medullary, tubular, mucinous, inflammatory, Paget
disease, phyllodes tumor, angiosarcoma, and recurrent/metastatic forms. IDC is the most common (80%)
and originates in milk ducts. ILC is the second most common, spreading from lobules and often hormone
receptor-positive. Medullary carcinoma accounts for 1-7% of cases and affects middle-aged women.
Tubular carcinoma is rare, low-grade, and has a good prognosis with low recurrence. Inflammatory BC
is rare, has a poor prognosis, and is often misdiagnosed. Paget disease is uncommon, usually associated
with DCIS or IDC, and affects skin and areola. Phyllodes tumors are rare, mostly benign. Angiosarcoma
is very rare, often linked to prior radiation. Recurrent/metastatic BC refers to tumor recurrence or spread

to distant organs [14,19,20].

WHO Histological Classification of Breast Cancer
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Fig. 1 — WHO Histological Classification of Breast Cancer
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8.2.2. Molecular classification

Gene expression profiling (GEP) reveals that tumors with similar histology can exhibit distinct
molecular profiles. The main molecular classification uses the PAMS50 gene signature to identify four
major subtypes.

Luminal A is the most frequent subtype, characterized by ER+ and/or PR+, HER2-negative, and low
Ki- 67. It progresses slowly and has the best prognosis, responding well to hormonal therapy [17,20].
Luminal B is HR+ with higher Ki-67, indicating faster growth and worse prognosis than Luminal A.
About 15-20% are HER2-positive.

HER2-enriched tumors overexpress HER2 or have ERBB2 amplification, lack ER/PR, and are
aggressive if untreated, but respond well to targeted therapies [16].

Basal-like (triple-negative breast cancer, TNBC) lacks ER, PR, and HER2, is often linked to TP53
mutations, and is highly aggressive, frequently metastasizing to brain and lungs [16]

8.3 Pathogenesis of breast cancer

8.3.1 Role of genes and signaling pathways in BC pathogenesis.

The foundation of BC pathogenesis involves the inactivation of tumor suppressor genes or, conversely,
the activation of oncogenes, as shown in Figure 2. The TP53 gene is an extremely important tumor
suppressor whose primary functions are regulating cell cycle progression, DNA repair, and apoptosis
through its role as a transcription factor [14]. Mutations in this gene are highly frequent in TNBC. The
resulting loss of p53 function leads, over time, to unregulated cell division and the accumulation of
additional genetic defects [16].
BRCAI and BRCA?2 are vital genes for DNA repair, which occurs through homologous recombination
(HRR). Approximately 50% of all familial BC are associated with BRCA 1/2 mutations. Carriers of such
mutations have a higher lifetime risk of developing the disease (up to 65% for BRCA ). The consequence
of the loss of function of these genes is genomic instability, which is referred to as “BRCAness” in
sporadic tumors [24].
In literature, many oncogenes are known to critically impact the carcinogenic process of BC. For
example, ERBB2 (HER2) is known to drive tumor cell growth when amplified. Another example is
PIK3CA, which can be mutated, leading to constitutive activation of the PI3K/AKT pathway and
promoting cell survival. MYC is a transcription factor that boosts cell division when overexpressed.
CCNDI, if amplified, allows the tumor to bypass the normal checkpoints that a cell should undergo
during its division cycle. RAS can undergo mutations that permanently activate downstream proliferative
15



pathways [26].

Vice versa, tumor suppressor genes are known for their protective roles in preventing tumor
development, such as promoting genomic integrity, controlling cell growth, and inducing apoptosis
when cellular damage is beyond repair. To lose these protective functions, both tumor suppressor alleles
must be knocked out by an inactivating mutation, whereas with oncogenes, one might be enough to
cause cancer. When multiple mutations occur in oncogenes or tumor suppressor genes, cells begin to
exhibit malignant phenotypes. Among the most impactful tumor-suppressing factors known in the
literature for BC, TP53 is among the most frequently mutated. It is a transcription factor that regulates
cellular stress responses and behavior in response to damage, ultimately leading to cell cycle arrest, DNA
repair, and apoptosis when the damage is irreparable. Whenever this oncosuppressor gene is inactivated,
a critical cell-cycle checkpoint is lost: cells continue to divide even if they experience genomic damage,
without halting the cell cycle as they would if the gene were still active, leading to genomic instability
and subsequent mutations. This happens in approximately 80% of TNBC cases. [17].

PTEN is responsible for the negative regulation of the PI3K/AKT pathway (a critical intracellular

signaling cascade that regulates essential cellular functions, such as growth, proliferation, metabolism,

and survival). In its absence, this negative regulation is lost, resulting in enhanced tumor cell proliferation

and progression. Other tumor suppressor genes include PALB2, ATM, CHEK2, CDH1, and STK11.

Genetic Foundations of Breast Cancer Pathogenesis: Tumor Suppressor Genes vs. Oncogenes
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8.3.2 Oncologic signaling pathways

The progression of BC depends on the regulation of growth signaling pathways. Human epidermal
growth factor receptor 2 (HER-2; Erb-B2 receptor tyrosine kinase 2) overexpression or gene
amplification is found in approximately 20% of BC. HER? is a transmembrane tyrosine kinase receptor
that undergoes homo- or heterodimerization (most commonly with HER3), thereby activating
downstream signaling cascades, including RAS/RAF/MEK/ERK/MAPK and PI3K/AKT/mTOR pathways
[14].

One of the most frequently activated pathways in BC is the PI3K/AKT/mTOR pathway, especially in
TNBC and HR+ BC. Mutations in PIK3CA (phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic
subunit alpha) directly activate the PIK3 enzyme [17]. As a result, the tumor develops resistance to
endocrine therapy, and thus treatment focuses on inhibition of this dysregulated pathway using PI3K
inhibitors, such as alpelisib [15].

Regarding ER signaling, the hormone-binding receptor is encoded by ESR /. Dysregulated activation of
this receptor promotes cell proliferation and subsequent accumulation of DNA damage. Gene fusions,
copy number variations, or ESR/ mutations lead to ligand-independent estrogen receptor signaling and
contribute to resistance to endocrine blockade [26].

In claudin-low BC, DOCK1 promotes motility and growth by down-regulating the tumor suppressor
claudin-1 via Rac1/2s-c-Lun signaling cascade [25].

CXCL12 polymorphisms are linked to increased BC risk and advanced disease stage. The interaction
between the chemokine CXCLI2 and its receptor is extremely significant for cancer growth,

angiogenesis, and metastasis [28].

8.3.3 Secondary regulatory and inflammatory pathways

It 1s known that BC is not limited solely to cancer cell mutations; it is also shaped by the immune
microenvironment. For example, the interaction between PD-1 (a receptor expressed on immune cells
such as T cells) and PD-L1 (normally expressed on cells that regulate the immune response and
abnormally on tumor cells) suppresses T-cell activity and facilitates immune evasion. TNBC and HER2-
positive subtypes exhibit high levels of tumor-infiltrating lymphocytes (TILs), which are predictive of

response to immunotherapy [15].

The NF-kB pathway acts as a central mediator of inflammatory responses and cancer hallmarks. Its
abnormal activation via cyclin D1 promotes uncontrolled cell proliferation, enhances cell survival by
inhibiting apoptosis through BLC2/XIAP, and stimulates angiogenesis via VEGF [29]. It is important to

note that p53 downregulation can activate the Wnt/f-catenin pathway, which promotes cancer stem cel}7



renewal, EMT (epithelial-mesenchymal transition), and treatment resistance [28].

8.3.4 Role of Epigenetics in Breast Cancer

Epigenetics involves heritable changes in gene expression that occur without modifications of the
underlying DNA sequence; rather, they affect how the sequence is expressed. The Greek prefix epi-
means over, outside, around, or on top of; thus, the term implies features in addition to the traditional
DNA-based mechanism of inheritance. In the context of BC, abnormal changes in gene regulation that
do not alter the DNA sequence itself are very important for cancer development. These include DNA
methylation, histone modifications, and the regulatory roles of non-coding RNAs [24]. DNA
methylation is the most studied epigenetic change in BC, particularly the addition of a methyl group to
cytosine residues in CpG islands. Hypermethylation silences tumor-suppressor genes. For example, in
sporadic cases, BRCAI and BRCA?2 can be altered in this way. Similarly, the loss of E-cadherin (CDH1),
which results in loss of cell adhesion and cell dissociation, leading to invasive lobular carcinoma (ILC),
can occur due to epigenetic silencing. Global hypomethylation, which occurs in repetitive elements of
the genome, contributes to genomic instability and the accumulation of mutation signatures.

Another type of epigenetic change is histone modification and chromatin remodeling. Post-translational
acetylation and methylation of histone proteins determine whether chromatin is in an active (open,
euchromatin) or inactive (closed, heterochromatin) state. These processes regulate the expression of key
genes, such as ER, and are therefore useful as intrinsic molecular subtypes of breast cancer.
Post-transcriptional gene expression is regulated by microRNA (miRNAs) and long non-coding RNAs
(IncRNAs). These molecules are important for the global gene expression profiles and multigene
signatures; consequently, they are used to predict prognosis and response to therapy.

It is important to note that epigenetic plasticity enables cancer cells to adapt to the microenvironment
and to treatment [18]. These epigenetic mechanisms are closely linked to chromatin-associated

regulatory proteins, including RRP1B, which may influence tumor progression and metastatic behavior.

8.3.5 RRPIB and its relation to breast cancer

Ribosomal RNA processing 1 homolog B (RRP1B) is a critical nuclear protein encoded by a gene located
on chromosome 21q22.3 [35]. It is involved in multiple biological processes and has emerged as a
metastasis suppressor and transcriptional regulator in BC. It influences whether a primary tumor will
progress to metastatic disease [36].
As shown in Figure 3, RRPIB can bind to chromatin and interact with transcriptional corepressors
such as TRIM?28 (tripartite motif-containing protein 28) and HP/o (heterochromatin protein 1 alpha).
18
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This interaction facilitates the recruitment of chromatin-modifying enzymes, including the histone
methyltransferase SETDBI, leading to heterochromatinization and the silencing of pro-metastatic genes.
RRP1B forms a functional partnership with SIPA1 (signal-induced proliferation-associated protein 1), a
known modifier of metastasis efficiency. Regulation of STPA I-associated GTPase activity by RRPIB has
been shown to reduce tumor growth and metastatic potential.

By interacting with the E2F family of transcription factors, RRPIB can induce the expression of pro-
apoptotic genes, such as caspases-3 and caspase-7, thereby suppressing tumor progression.

RRPIB expression and its genetic variants serve as valuable prognostic markers. While the C allele
appears to confer a protective effect or indicate a more favorable prognosis in some contexts, the T allele
1s widely recognized as a marker of poor prognosis, aggressive disease progression, and higher mortality
in the RRPIB 1307T>C (rs9306160). RRPIB is associated mainly with breast cancer as a prognosis
and metastasis modifier, as well as with prognosis-related features such as stage, lymph node disease,
tumor grade, receptor status, and survival. Integrating RRPIB SNP detection into prognostic assessment
tools may allow for more individualized treatment strategies in the future [27, 35]. Recent studies have
shown that miRNAs, such as miR-320a, miR-361-5p, and miR-21-5p, may be associated with improved
survival due to increased tumor sensitivity to treatment, partly through targeting oncogenes such as

RADS1 and RRPIB [30].

Single-nucleotide polymorphisms (SNPs) are changes at a single nucleotide position in the DNA19



sequence that occur in at least 1% of a population. It can occur differently at specific genomic positions,
such as coding and non-coding regions, promoters, and introns, and its effect depends on the change it
causes. For example, it can change protein sequence, gene regulation, or RNA processing.

Some of the SNPs can be silent, meaning they do not change the amino acid sequence. On the contrary,
others are nonsynonymous and do not change the encoded protein. Regarding the BC, SNPs play an
extremely important role, as they can influence susceptibility, tumor behavior, metastasis, prognosis, and

response to therapy [18].
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9. RESEARCH AND METHODOLOGY

9.1. Research organization and patient selection.

A total of 191 patients with BC were enrolled in this study. The research was performed at the
Institute of Oncology of the Lithuanian University of Health Sciences (LUHS), where blood were
collected between 2010 and 2020. For this study, inclusion and exclusion criteria were applied. All
patients with confirmed diagnosis and complete medical documentation were included, while
individuals with other malignancies or significant comorbidities, and insufficient available data were
excluded. All anonymized clinicopathological data (age at the time of diagnosis, tumor size (T), tumor
grade (G), lymph node involvement (N), and clinical events (progression, metastasis, and death;
recorded as yes/no) were extracted from previously collected clinical records. Time-to-event outcomes,
including progression-free survival (PFS), metastasis-free survival (MFS), and overall survival (OS)
were also available for analysis.

The research protocol was approved by the Kaunas Regional Biomedical Research Ethics
Committee (protocol No. BE-2-10 and No. P1-BE-2-10/2014) and the Lithuanian University of Health
Sciences Bioethics Center (protocol No Nr. 2025-BEC2-1405).

9.2 Genotyping

“GeneJET Genomic DNA Purification Kit” (Thermo Fisher Scientific Baltics, Lithuania) was
used to extract genomic DNA from the patients’ blood samples according to the provided instructions,
prior to the start of the study. Genotyping of RRPIB rs2838342 and rs2051407 was performed using
real-time polymerase chain reaction (RT-PCR) based on TagMan SNP Genotyping Assays (Applied
Biosystems, USA). Nuclease-free water was used instead of patient DNA as a negative control. Table

1 shows the composition of a single reaction mixture.

Table 1. RT-PCR mixture composition per one reaction

Reagents Volume, pl (DNA conc. =10 pg/ml)
TagMan™ Genotyping Master Mix 6.125
TagMan SNP genotyping assay 0.625
dH20 5.25
DNA 1
Total 12.5
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For the detection of RRPIB 152838342 and rs2051407, the QuantStudio™ 3 Real-Time PCR
System (Applied Biosystems™, USA) was used. The RT-PCR program was as follows: initial
denaturation at 95°C for 10 minutes; followed by 40 cycles of denaturation at 95°C for 15 seconds
annealing/extension at 60°C for 1 minute.

All reactions were performed in accordance with the manufacturer’s instruction under standardized

laboratory conditions.

9.3 Statistical analysis and data.

Statistical software “IBM SPSS Statistics 30.0.0” was used to perform statistical analysis. The
descriptive analysis of categorical variables included the calculation of the number of participants with
different clinicopathological characteristics (absolute frequencies) and percentages (relative
frequencies). The normality of the age distribution was assessed using the Kolmogorov-Smirnov test.
The Hardy-Weinberg equilibrium (HWE) is fundamental principle which states that genotype and allele
frequencies in a population remain constant from generation to generation in the absence of evolutionary
influences. This was calculated using Chi-square test. Association analysis was conducted to assess the
associations between SNPs and clinicopathological characteristics and clinical events using a Pearson
chi-square test or Fisher's exact tests. The odds ratios (ORs) with a 95% confidence interval (CI) were
calculated using univariate logistic regression, followed by multivariate logistic regression analysis for
statistically significant associations only. The Kaplan-Meier method and univariate Cox regression
analysis were used for PFS, MFS, and OS analyses: the first one allowed to evaluate the log rank test and
to generate survival curves, while the second one allowed to calculate the hazard ratios (HRs). Association
and survival analyses were performed in both the genotypic and the allelic model. Statistically significant

associations were determined when p < 0.05.
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10. RESULTS

10.1 Clinicopathological characteristics and clinical events of the study cohort

The study cohort included 191 patients with a confirmed diagnosis of BC. Patients were divided
into two age categories according to the median age: <47 years (48.7% of patients) and >47 years (51.3%
of patients). Regarding tumor size, 63.9% of patients had tumors measuring 0—2 cm, while the remaining
36.1% had tumors measuring >2—5 cm. No signs of lymph node involvement were observed in 59.2%
of patients, whereas 40.8% showed lymph node involvement. Considering histological grading, the
majority of cases (78.5%) were G1 or G2 tumors, whereas the rest (21.5%) were G3 or G4. ER-positive
was found in 68.1% of patients, PR-positive in 59.2%, and HER2-positive in 18.8%. Over time,
23.6% of patients experienced disease progression, 19.9% of patients developed metastases, and 18,3%

of patients died. For detailed clinicopathological characteristics, please consult Table 2.

Table 2. The distribution of clinicopathological characteristics and clinical events of the examined
patients (n=191)

Characteristics Absolute frequency (n) [Relative frequency (%)
Age of diagnosis <47 y.o. 03 48.7
>47 y.o. 98 51.3
Tumor size 0-2 cm 122 63.9
2-5 cm 69 36.1
Lymph node involvement [Not involved 113 59.2
Involved 78 40.8
Tumor grade lower 150 78.5
higher 41 21.5
Estrogen receptor status Negative 61 31.9
Positive 130 68.1
Progesterone receptor Negative 78 40.8
status Positive 113 59.2
HER?2 receptor status Negative 155 81.2
Positive 36 18.8
Metastasis No 153 80.1
Yes 38 19.9
Progression No 146 76.4
Yes 45 23.6
Death No 156 81.7
Yes 35 18.3

10.2 Distribution of genotypes and alleles of RRP1B rs2838342 and rs2051407

In Table 3, the distribution of genotypes and alleles of RRPIB rs2838342 and rs2051407 is
presented. 23



Briefly, regarding the RRP1B rs2838342 polymorphism, the most common genotype was AG,
present in 51.8% of patients, followed by AA in 30.9% of patients and GG in 17.3% of patients.
Considering allele frequencies, the A allele frequency was 56.8%, while the G allele frequency was
43.2%.

Considering the RRPIB rs2051407 polymorphism, the CT genotype was predominant, being
present in 45.5% of patients, while CC was present in 36.6% of patients and TT in 17.8%. The C allele
frequency was 59.4%, whereas the T allele frequency was 40.6%. The genotype distributions showed

concordance with the Hardy—Weinberg equilibrium.

Table 3. The distribution of genotypes and alleles of RRPI1B rs2838342 and rs2051407

Polymorphism Genotypes, n (%) Alleles, n (%)
rs2838342 AA AG GG A G

59 (30.9%) | 99 (51.8%) 33 (17.3%) 217 (56.8%) 165 (43.2%)
rs2051407 CC CT TT C T

70 (36.6%) | 87 (45.5%) 34 (17.8%) 227 (59.4%) 155 (40.6%)

n —numbers, % - percentage.

10.3 Associations of RRPIB rs2838342 with clinicopathological features

Our study investigated the possible association between SNPs and clinicopathological
characteristics and clinical events, using Pearson’s chi-square test or Fisher’s exact test, as appropriate.

This initial analysis (Table 4) showed no evidence of a statistically significant association
between rs2838342 and the analyzed variables in the genotypic model. Nevertheless, borderline
associations were observed for tumor size (p = 0.051) and ER status (p = 0.060), suggesting a possible
relationship between this polymorphism and the tumor phenotype. In the allelic model, a statistically
significant association was observed between the G allele and tumor size (p = 0.026) , and the A allele

and estrogen receptor status (p= 0.042).
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Table 4. Associations of RRP1B rs2838342 with clinicopathological features by Pearson chi-

square test

RRPIB rs2838342
Characteristic | Category | AA, n (%) | AG, n (%)| GG,n(%)| p | * a;lele’ ¢ a;lele’

Total 59(30.9) |99(51.8) |33(17.3) |- - -

Age at diagnosis <47 years [31 (52.5) |50(50.5) |12(36.4) |0.288 0.130 0.532
>47 years |28 (47.5) (49 (49.5) |21 (63.6)

Tumor size 0—2cm |45(76.3) |59(59.6) |18(54.5) [0.051 0.304 0.026
>2-5cm |14 (23.7) |40 (404) [15(45.5)

Lymph node Yes 21 (35.6) |(44(444) [13(394) |0.540 |0.159 0.156

involvement No 38 (64.4) |55(55.6) (20 (60.6)

Tumor grade lower 50 (84.7) |78(78.8) |22(66.7) [0.128 1.000 0.409
higher 9(15.3) 21 (21.2) |11(33.3)

Estrogen receptor|Positive |40 (67.8) |73 (73.7) |17(51.5) ]0.060 0.042 1.000

status Negative |19 (32.2) [26(26.3) |16 (48.5)

Progesterone Positive |34 (57.6) |61 (61.6) |18 (54.5) |0.743 0.690 0.897

receptor status | Negative |25 (42.4) |38(38.4) |15(45.5)

HER?2 receptor |Positive |11 (18.6) |21 (21.2) |4 (12.1) 0.512 0.400 1.000

status Negative |48 (81.4) |78 (78.8) (29 (87.9)

Progression Yes 13(22.0) |22(22.2) |10(30.3) [0.604 [0.437 0.882
No 46 (78.0) |77 (77.8) |23 (69.7)

Metastasis Yes 12(20.3) [19(19.2) |7 (21.2) 0.964 1.000 1.000
No 47(79.7) |80 (80.8) [26(78.8)

Death Yes 11 (18.6) |16(16.2) |8(24.2) 0.581 0.472 1.000
No 48 (81.4) (83 (83.8) [25(75.8)

p — P value. Statistically significant associations (p < 0.05) are marked in orange.

Further analysis using univariate logistic regression (Table 5) revealed that, in comparison with

AA homozygotes, patients carrying the AG genotype had significantly higher odds of developing larger
tumors (OR = 2.179, 95% CI 1.059-4.485, p = 0.034), and the similar association was observed for the
GG genotype (OR =2.679, 95% CI1 1.077-6.659, p = 0.035). Similarly, patients who carried the G allele

had significantly higher odds of developing larger tumors compared to non-carriers (OR = 2.296,

95% CI11.149-4.589,p=0.019). Considering the results of the univariate analysis, the G allele was further

analyzed in the multivariate logistic regression models (Table 6), where the association with larger tumor

size remained statistically significant after adjustment for all additional covariates (OR = 2.288, 95% CI

1.118-4.683, p=0.024).
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Table 5. Univariate logistic regression analysis of the RRP1B rs2838342 for clinicopathological outcomes

Genotype or alleles Age (>47 vs <47) Progesterone receptor status (+ vs -) |[Estrogen receptor status (+ vs -)
OR 95% CI p OR 95% CI p OR 95% CI p
AG versus AA 1.085 .569-2.068 0.804 |1.180 0.612-2.275 0.620 1.334 0.658-2.702  0.424
GG versus AA 1.937 0.808-4.644 0.138 |0.882 0.374-2.081 0.775 0.505 0.211-1.210  (0.125
G allele carriers versus non-carriers  (1.250 0.676-2.312 0.477 |1.096 0.588-2.043 0.773 1.018 0.527-1.965  0.958
A allele carriers versus non-carriers  |0.543 0.250-1.179 0.123  |1.257 0.590-2.675  |0.554 2.363 1.100-5.080  (0.028
HER?2 receptor status (+ vs -) Lymph involvement (N1 vs NO) Tumor size (>2-5 cm vs 0-2 ¢cm)
OR 95% CI p OR 95% CI p OR 95% CI p
AG versus AA 1.175 0.521-2.650 |0.698 |1.448 0.745-2.81 0.275 2.179 1.059-4.485 10.034
GG versus AA 0.602 0.175-2.067 10,420 [1.176 0.489-2.831 0.717 2.679 1.077-6.659 0.035
G allele carriers versus non-carriers  |1.020 0.464-2.239 0.962 |1.375 0.729-2.594  10.325 2.296 1.149-4.589  0.019
A allele carriers versus non-carriers |1.841 0.604-5.615 |0.283 |1.075 0.499-2.315 |0.853 0.623 0.291-1.332  0.222
Tumor grade (G3+G4 vs G1+G2)Progression (Yes vs No) Death (Yes vs No)
OR 95% CI p OR 95% CI p OR 95% CI p
AG versus AA 1.496 0.634-3.527 0.358 |1.011 0.465-2.199 0.978 0.841 0.361-1.960  |0.689
GG versus AA 2.778 1.008-7.655 10.048 [1.538 0.586-4.036 0.381 1.396 0.498-3.915  0.526
G allele carriers versus non-carriers  |1.778 0.788-4.011 0.166 |1.375 0.729-2.594  0.325 0.970 0.440-2.138  0.939
A allele carriers versus non-carriers  [0.469 0.205-1.070 0.072 |1.075 0.499-2.315 |0.853 0.644 0.263-1.580  0.337
Metastasis (Yes vs No)
OR 95% CI p
AG versus AA 0.930 0.415-2.086 0.861
GG versus AA 1.054 0.370-3.007 |0.921
G allele carriers versus non-carriers  [0.961 0.447-2.065 0918
A allele carriers versus non-carriers  [0.907 0.360-2.280 |0.835

OR - odds ratio, CI — confidence interval, + vs - — positive versus negative, p — P value. Statistically significant associations (p < 0.05) are marked in orange.




Table 6. Multivariate logistic regression analysis of the RRPIB rs2838342 and clinicopathological outcomes

(;‘;'lf Dependent Covariates p | OR cI p | OR CI p OR cI
tumor size G allele carrier versus non-carrier | 0.019 | 2.294 | 1.147-4.588 | 0.015 | 2.415 1.188-4.911 0.024 | 2.288 | 1.118-4.683
Age (>47 vs <47) 0.804 | 1.083 0.578-2.031 0.726 1.12 | 0.594-2.111
Estrogen receptor status (+ vs -) 0.148 | 1.934 0.792-4.721 0.123 | 2.031 | 0.825-5.004
Progesterone receptor status (+ vs -) 0.012 | 0.338 0.145-0.787 0.037 | 0.392 | 0.162-0.947
HER?2 receptor status (+ vs -) 0.627 | 1.214 0.556-2.648 0.477 | 1337 |0.601-2.973
Tumor grade (higher vs lower) 0.256 | 1.600 | 0.712-3.600
tumor grade | GG genotype versus AA genotype | 0.025 | 3.305 | 1.163-9.395 | 0.050 | 3.327 | 0.999-11.076 0.089 | 2.886 | 0.850-9.796
RRPIB Age (>47 vs <47) 0.020 | 0.427 | 0.208-0.877 | 0.194 | 0.577 0.251-1.324 0.199 | 0.579 |0.252-1.333
152838342 Estrogen receptor status (+ vs -) 0.645 [ 0.788 | 0.287-2.166 | 047 | 0.686 | 0.247-1.908
Progesterone receptor status (+ vs -) <0.001 | 0.109 0.038-0.317 | <0.001 | 0.121 | 0.042-0.351
HER2 receptor status (+ vs -) 0.023 | 0.276 0.091-0.838 0.017 | 0.251 | 0.081-0.778
Tumor size (>2-5 cm vs 0-2 ¢cm) 0.178 1.768 | 0.771-4.054
ER A allele carrier versus non-carrier | 0.008 | 3.043 | 1.343-6.894 - - - 0.024 | 2.772 | 1.146-6.702
Age (>47 vs <47) <0.001 | 3.222 | 1.656-6.270 <0.001 | 3.482 | 1.669-7.267
Tumor size (>2-5 cm vs 0-2 ¢cm) 0.82 0.916 | 0.432-1.946
Tumor grade (higher vs lower) <0.001 | 0.203 | 0.092-0.446
Lymph involvement (N1 vs N0) 0.025 | 2.450 | 1.119-5.366

OR - odds ratio, CI — confidence interval, p — P value. Statistically significant associations (p < 0.05) are marked in orange.




Although Pearson’s chi-square test didn’t show a statistically significant association, patients
with the GG genotype showed increased odds of poor tumor differentiation (OR =2.778, 95% CI 1.008—
7.655, p=10.048) compared with patients with the AA genotype. In multivariate analysis, this association
was attenuated and lost statistical significance (OR = 2.886, 95% CI 0.850-9.796, p = 0.089).

Furthermore, patients who carried the A allele demonstrated significantly higher odds of ER
positivity in comparison with non-carriers (OR = 2.363, 95% CI 1.100-5.080, p = 0.028). This
association remained significant after adjustment for additional covariates in all three models (OR =

2.772,95% CI 1.146-6.702, p = 0.024).

10.4 Associations of RRP1B rs2051407 with clinicopathological features
Pearson’s chi-square or Fisher’s exact testing results did not find a statistically significant
association between rs2051407 genotypes and the analyzed clinicopathological characteristics and

clinical events. However, a statistically significant association was found between the C allele and tumor

size (p = 0.040) (Table 7).
Table 7. Associations of RRPIB rs2051407 with clinicopathological features by Pearson chi-

square test

RRPIB rs2051407
Characteristic | Category | CC,n (%)| CT,n (%) | TT, n (%) D C allele, | T allele,
p p

Total 70 (36.6) | 87 (45.5) | 34(17.8)

Age at <47 years | 36 (51.4) |44 (50.6) | 13(38.2) | 0.402 0.191 0.652

diagnosis >47 years | 34 (48.6) | 43 (49.4) | 21(61.8)

Tumor size 0-2 cm 47 (67.1) | 59(67.8) | 16 (47.1) | 0.079 0.040 0.576
>2-5cm | 23(32.9) |28(32.2) | 18(52.9)

Lymph Yes 30(429) |34(39.1) | 14(41.2) | 0.891 0.403 0.417

node No 40 (57.1) | 53 (60.9) | 20 (58.8)

involvement

Tumor grade lower 57 (81.4) | 67(79.3) | 24(70.6) | 0.458 1.000 0.780
higher 13 (18.6) | 20(20.7) | 10(29.4)

Estrogen Positive 47 (67.1) | 64(73.6) | 19(559) | 0.169 0.140 0.963

receptor status | Negative | 23 (32.9) | 23(26.4) | 15(44.1)

Progesterone Positive 37(52.9) | 57(65.5) | 19(55.9) | 0.252 0.813 0.232

receptor status | Negative | 33 (47.1) | 30(34.5) | 15(44.1)

HER2 receptor | Positive 13 (18.6) | 16 (18.4) | 7 (20.6) 0.959 0.965 1.000

status Negative | 57 (81.4) | 71 (81.6) | 27 (79.4)

Progression Yes 16(22.9) | 17(19.5) | 12(353) | 0.183 0.120 1.000
No 54 (77.1) | 70 (80.5) | 22 (64.7)

Metastasis Yes 14 (20.0) | 14 (16.1) | 10(29.4) | 0.256 0.195 1.000
No 56 (80.0) | 73(83.9) | 24 (70.6)

Death Yes 13 (18.6) | 13 (14.9) | 9(26.5) 0.337 0.267 1.000
No 57 (81.4) | 74 (85.1) | 25(73.5)

p — P value. Statistically significant associations (p < 0.05) are marked in orange.




Univariate logistic regression analysis (Table 8) demonstrated that patients who carried the C allele
showed lower chances of developing larger tumors in comparison with non-carriers (OR = 0.428, 95%
C10.202-0.907, p = 0.027). Multivariate logistic regression analysis (Table 9) confirmed the significant
association with the tumor size, which remained statistically significant after adjustment for age at
diagnosis, receptor status, and other covariates (OR =0.402, 95% C1 0.183—0.887, p =0.024). No further

statistically relevant independent associations were found for rs2051407.



Table 8. Univariate logistic regression analysis of the RRP1B rs2051407 for clinicopathological outcomes

Genotype or alleles Age (>47 vs <47) Progesterone receptor status (+ vs -) | Estrogen receptor status (+ vs -)
OR 95% CI p OR 95% CI p OR 95% CI p
CT versus CC 1.035 0.551-1.942 [0.915 1.695 0.889-3.229 |0.109 1.362 0.683-2.714 10.380
TT versus CC 1.710 0.742-3.944 [0.208 1.130 0.496-2.575 |0.772 0.620 0.267-1.437 |0.265
C allele carriers versus non-carriers | 0.596 0.279-1.273 [0.181 1.178 0.557-2.490 |0.668 1.905 0.892-4.070  0.096
T allele carriers versus non-carriers | 1.189 0.660-2.143 |0.565 1.506 0.829-2.736  |0.178 1.069 0.570-2.006 |0.836

OR - odds ratio, CI — confidence interval, p — P value. Statistically significant associations (p < 0.05) are marked in orange.

HER?2 receptor status (+ vs -) Lymph involvement (N1 vs NO) Tumor size (>2-5 cm vs 0-2 ¢cm)
OR 95% CI p OR 95% CI p OR 95% CI p
CT versus CC 0.988 0.439-2.222 |0.977 0.855 0.451-1.622 ]0.632 0.970 0.495-1.898 |0.929
TT versus CC 1.137 0.407-3.173 {0.807 0.933 0.407-2.143 |0.871 2.299 0.994-5.315 |0.052
C allele carriers versus non-carriers | 0.874 0.347-2.201 [0.775 0.983 0.463-2.089 |0.965 0.428 0.202-0.907 |0.027
T allele carriers versus non-carriers | 1.029 0.484-2.188 [0.941 0.877 0.482-1.593 |0.666 1.253 0.675-2.328 |0.475
Tumor grade (higher vs lower) Progression (Yes vs No) Death (Yes vs No)
OR 95% CI p OR 95% CI p OR 95% CI p
CT versus CC 1.144 0.517-2.533 [0.740 0.820 0.380-1.769 |0.612 0.770 0.332-1.789 ]0.544
TT versus CC 1.827 0.705-4.735 ]0.215 1.841 0.7504.518 |0.183 1.578 0.5984.169 |0.357
C allele carriers versus non-carriers | 0.590 0.256-1.362 |0.217 0.488 0.219-1.087 [0.079 0.551 0.231-1.316 | 0.180
T allele carriers versus non-carriers | 1.320 0.632-2.755 10.475 1.064 0.530-2.135 [0.862 0.974 0.456-2.082 |0.947
Metastasis (Yes vs No)
OR 95% CI P
CT versus CC 0.767 0.338-1.739 |0.526
TT versus CC 1.667 0.650-4.275 ]0.288
C allele carriers versus non-carriers | 0.521 0.224-1.211 {0.130
T allele carriers versus non-carriers | 0.990 0.474-2.067 |0.978




Table 9. Multivariate logistic regression analysis of the RRP1B rs2051407 for clinicopathological outcomes

Gene, SNP  Dependent (Covariates p OR CI p OR CI p OR CI
!le carrier versus non- 0.027 10.427 10.201-0.909 (0.019 0.390 |0.178-0.854 (0.024 |0.402 |0.183-0.887
carrier
Age (>47 vs <47) 0.968 10.988 |0.541-1.803 (0.918 1.034 |0.549-1.948 (0.819 [1.077 |0.569-2.040
trogen receptor status 0.088 2.174 0.890-5.311 (0.073 [2.28 0.925-5.616
RRPIB tumor size  |(+ vs -)
rs2051407 resterone receptor status 0.010  [0.332  0.144-0.768 [0.037 [0.394 [0.164-0.946
(+vs-)
receptor status (+ vs -) 0.661 1.191 0.545-2.602 (0476 |1.339 |0.600-2.985
r grade (higher vs 0.187 [1.725 |0.767-3.880
lower)

OR - odds ratio, CI — confidence interval, p — P value. Statistically significant associations (p < 0.05) are marked in orange.




10.5 Survival

10.5.1 Kaplan—Meier analysis and log-rank test

Survival analysis of RRPIB 1s2838342 and rs2051407 polymorphisms in relation to
progression- free survival (PFS), metastasis-free survival (MFS), and overall survival (OS) was
performed using the Kaplan—-Meier method with log-rank testing.

No evidence of significant statistical differences was found in PFS, MFS or OS considering the

genotypic or carrier models of rs2838342 or rs2051407 in Kaplan—Meier analysis (Table 10).

Table 10. Log-rank p values for progression-free survival, metastasis-free survival and overall
survival according to RRP1B polymorphism models

rs2838342 rs2051407

genotypes | A-allele G-allele genotypes | C-allele T-allele

PFS 0.726 0.427 0.740 0.288 0.133 0.936
MFS 0.994 0.986 0.920 0.395 0.219 0.910
oS 0.736 0.476 0.935 0.426 0.256 0.838

10.5.2 Univariate Cox regression analysis
Considering progression-free survival, metastasis-free survival and overall survival, our
analysis did not show any evidence of statistically significant differences in any of the RRPIB

polymorphism models in univariate Cox regression analysis (Table 11).



Table 11. Cox’s univariate analysis of RRP1B polymorphisms for PFS, MFS and OS in
genotypic and allelic modules.

Progression-
free- survival

Metastasis-
free- survival

Overall-survival

SNPs Covariates HR |95%CI |p HR 95% CI |p HR (95% |p
Cl
rs2838342 | AG vs AA 1.03210.520— [0.927 (0960 |0.466— [0.911 {0.878 |0.407— |0.741
2.050 1.977 1.893
GG vs AA 1.355{0.594- 0471 [0.982 [0.387— [0.970 [1.230(0.495— |0.656
3.091 2.496 3.059
A allele 0.75310.373— 10.429 [0.992 |0.437— ]0.986 [0.751[0.341- |0.478
carriers vs 1.521 2.255 1.654
non-
carriers
G allele 1.115]0.585- |0.740 [0.966 |0.487— [0.920 [{0.971[0.476— |0.935
carriers vs non- 2.125 1.914 1.983
carriers
rs2051407 |CT vs CC 0.83810.424— |0.613 |0.791 |0.377— ]0.535 [0.768 [0.356— |0.501
1.659 1.659 1.657
TT vs CC 1.502{0.710— |0.287 |1.383 [0.614- [0.434 [1.343 |0.574— |0.496
3.178 3.115 3.144
T allele 1.02510.557— 10936 [0.963 |0.498— [0.910 [0.931 |0.469— |0.838
carriers vs non- 1.888 1.861 1.849
carriers
C allele 0.606 [0.312— ]0.137 [0.639 [0.310— [0.223 |0.647 |{0.303— |0.260
carriers vs 1.174 1.315 1.380
non-
carriers

HR — hazard ratio, CI — confidence interval, p — P value.




11. DISCUSSION OF RESULTS

For many years, the RRP1B gene and its SNPs have drawn the attention of many researchers worldwide,
prompting various studies like this one to further investigate the relationship between such variants and
the phenotypic development, potential of metastasis, and survival of breast cancer. The study done by
Crawford et al. has shown clinical correlation between RRP 1B expression and patients survival outcomes
in BC. [27] To begin with, a very interesting paper about cervical cancer suggests that the very
same polymorphisms that we studied have been effectively linked with certain phenotypic,
behavioral, and survival-related characteristics of the tumor. Though the tumor that was studied was
different, their research highlighted a protective role (smaller tumor size, lower histological grade,
and improved survival) in patients who were carriers of the A allele carriers for rs2838342 [35]. In our
research these correlations were not only confirmed, but a new discovery was made: the A allele also
correlated also with positive ER status, which means that these patients will more likely develop a version
of the tumor which is more prone to be susceptible to endocrine therapy. This association is further
supported by the study of Crawford et al. [27], in which RRP1B expression organised survival in ER-
positive BC patients (HR =2.36, 95% CI 1.17—4.77), whereas no grading was achievable in ER-negative
cases — suggesting that RRPIB function may be particularly relevant in the ER-positive tumor
microenvironment. Conversely, the G allele of rs2838342, associated with larger tumor size in our
cohort, aligns with the finding that certain RRP1B variants may impair the gene’s metastasis-suppressive
function. Walker et al. [38] demonstrated that allelic variants of RRPIB differentially modulate
transcription factors controlled by TRIM28 and CSDA, supporting the view

that SNP-induced functional differences in RRPIB may translate into distinct tumor behaviors.

The impact of the G allele was also confirmed as a risk factor. Notably, our work couldn’t
confirm the protective role of A allele concerning survival that was highlighted in the cervical cancer
research: our findings were inconclusive on this matter in either PFS, MFS, or OS. This should not be
regarded as a discouraging finding: it will prompt future studies with different cohorts of patients which
will shed more light on this topic.

Referring to the polymorphism rs2051407, some interesting findings of our research were
coherent and matched what was found in literature, whereas some were in contrast. In particular, the
cervical cancer research found that C-allele carriers were protected against death and metastasis, while
our results showed this allele to be protective specifically for the size of the developing tumor and the
progression-free survival. Moreover, both studies confirmed the association between the C allele in this
polymorphism and a smaller tumor size, and the correlation with a lower chance of progression. In
contrast, regarding metastasis, the data was controversial: the C allele was found to be protective

against metastasis in the cervical cancer



study, whereas in our own no evidence of independent association with metastasis was found in the
multivariate model. Similarly, there was a dissonance regarding survival since the cervical cancer study
found evidence that the C allele correlated with lower mortality risk whereas our results were
inconclusive on this matter.

The cervical cancer paper was the only one found in literature which addressed the same
polymorphisms as the ones we studied in our research. Interestingly enough though, another paper
focused on a different polymorphism of the same RRPIB gene, reaching quite similar results but also
raising controversies, and further emphasizing the crucial and yet to be fully understood role of the
RRPIB gene in those pathologies [36].

The discrepancies that arose between our work and the current medical literature might be due
either to the fact that the papers focused on different kinds of tumors and/or polymorphisms, or possibly
human error during PCR testing or the statistical analysis with SPSS.

According to the previous studies which were conducted, RRP 1B polymorphisms did not show
a statistically significant correlation with PFS, but such correlation was demonstrated with overall
survival. Carriers of the rs727633 T allele and the rs2838342 A allele had significantly better survival
outcomes in comparison with other carriers. In our study, only a part of these findings was confirmed:
152051407 C- allele carrier was associated with improved survival in the multivariate analysis. On the
contrary, no correlation with the A carrier was found. [36].

Nevertheless, it was confirmed that this gene and its polymorphisms do impact in the natural
history of such pathologies, and future studies possibly with a larger cohort of different patients might
help to shed light on how they impact the natural history of these pathologies.

Although RRPIB has been implicated in breast cancer progression and prognosis, the available breast
cancer literature is concentrated on rs9306160, and data on other RRPIB SNPs such as rs2838342 and
rs2051407 remain limited.



12. CONCLUSIONS

1. For both RRPIB rs2838342 and rs2051407 polymorphisms, heterozygous genotypes (AG and CT,
respectively) were the most frequent in the study cohort, while homozygous genotypes (GG and TT)
were the least frequent. At the allelic level, the A allele was more prevalent than the G allele for
rs2838342, whereas the C allele was more frequent than the T allele for rs2051407.

2. The RRPIB rs2838342 polymorphism showed that the G allele was associated with larger tumor
size, whereas the A allele was associated with ER positivity; additionally, the rs2051407 C allele was
associated with a reduced likelihood of larger tumors.

3. No statistically significant associations were found between RRPIB rs2838342 and rs2051407 and
PFS, MFS, and OS.
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