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ABSTRACT

Background: Most pathological lesions of the breast present as a tumour or tumours. The majority of these lesions are due to genetic mutations from environmental and lifestyle factors. Kirsten rat sarcoma viral oncogene homolog (KRAS) gene and Retinoblastoma (Rb) gene play vital roles in the control of the cell cycle and cell proliferation.

Materials and Methods: A total of 20 formalin fixed paraffin embedded blocks, consisting of benign fibroadenoma (FA) (10) and malignant invasive ductal adenocarcinoma (IDC) (10) breast specimen were retrieved from the Pathological Archives for this case-control, retrospective study. Small portions of tissue were cut from the tissue blocks and ground in a sterile mortar and pestle with 500µl of extraction buffer for deoxyribonucleic acid (DNA) extraction and polymerase chain reaction (PCR) amplification, purification and sequencing. Ethical approval was obtained from the Ethics committee of the Federal Teaching Hospital.

Results: In Rb gene single nucleotide polymorphism (SNP) mutation frequency, there was 100% transition mutation in Fibroadenoma (FA) and 79% transition, 16% transversion and 5% indel mutation in IDC. In Rb gene functional mutation frequency, there was 100% missense mutation in FA, and 72% missense, 28% silent and 0% nonsense mutation in IDC. In KRAS gene SNP mutation frequency, there was 71% transition, 21% transversion, and 8% indel mutation in IDC. KRAS gene functional mutation, there was 86% missense, 14% silent and 0% nonsense mutation in IDC.

Conclusion: The majority of mutations arise as a missense class. This demonstrates that missense mutations possibly play a significant role in breast cancer aetiology. There is a paucity of data on the mutation of Rb and KRAS genes on FAs and IDC in this part of the world hence the need for the present study.
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INTRODUCTION
The majority of cancers (90–95%), are due to genetic mutations from environmental and lifestyle factors.1 In females, the most common type is breast cancer.2 The incidence of breast cancer varies greatly around the world: it is lowest in less-developed countries and greatest in more-developed countries.3 However, the prevalence of breast cancer is rising in Nigeria4. The disease typically begins as a tumour, with fibroadenoma (FA) and invasive ductal adenocarcinoma (IDC) being the most prevalent types.5
Breast fibroadenomas are common, benign fibroepithelial lesions composed of stromal and epithelial components.6 This tumour is most frequently encountered in adolescent girls and young women within the first three decades of life, although it may also be diagnosed at any age.7
Invasive ductal adenocarcinoma (IDC), being the most common form of invasive breast cancer,8 accounts for about 55% of breast cancer incidences upon diagnosis in developed countries such as the United States.9 Unlike benign breast lesions such as fibroadenoma, during physical examination, the lump usually feels much harder or firmer. On microscopic examination, the cancerous cells invade and replace the surrounding normal tissues.10
The retinoblastoma (Rb) gene is an archetypal tumour suppressor gene that was first identified in a malignant tumour of the retina.11 The biological functions of Rb include tumour suppression, regulation of the cell cycle, differentiation, and apoptosis.12 These functions are mediated by its interaction with a large number of cellular proteins. Nevertheless, when the Rb gene becomes inactive, it can cause cancer.13 Conversely, the Kirsten rat sarcoma viral oncogene homolog gene (KRAS) provides instructions for making a protein called K-Ras, part of the RAS/MAPK pathway.14 This protein relays signals from outside the cell to the cell's nucleus. These signals instruct the cell to grow and divide (proliferate) or to mature and take on specialised functions (differentiate).15 A single amino acid substitution, and in particular a single nucleotide substitution, is responsible for an activating mutation.16 In a study by Cortés-Ciriano et al.,17 they reported that carcinogenesis is typically triggered by the accumulation of genetic mutations in key cancer driver genes that impair normal cellular functioning.
Different gene mutations could lead to breast cancer and it is the leading cause of cancer-related deaths in women worldwide.18 Breast cancer is a complex and highly heterogeneous disease characterised by distinct morphological features, variable clinical outcomes and disparate therapeutic responses. Fibroadenoma has been reported to be the most common benign tumour of the female breast,19 while invasive ductal adenocarcinoma is the most common form of malignant tumour.20 
There is a paucity of data on the mutation of Rb and KRAS genes on FAs and IDC in this part of the world hence the need for the present study.
MATERIALS AND METHODS
Sample collection 
A total of twenty (20) formalin fixed paraffin embedded blocks, consisting of benign fibroadenoma (10) and malignant invasive ductal adenocarcinoma (10) breast specimens were retrieved from the Pathological Archives of Federal Teaching Hospital, Ido-Ekiti, Nigeria for this case-control retrospective study. Ethical approval was obtained from the ethics committee at Federal Teaching Hospital, Ido (protocol number: ERC/2023/04/26/958B) for this investigation. 
Deoxyribonucleic Acid (DNA) Extraction and Polymerase Chain Reaction (PCR) Amplification
DNA was extracted from human tissue blocks using the modified Dellaporta DNA extraction protocol.21 The protocol process involves taking small portions of tissue cut from the tissue blocks and grinding in a sterile mortar and pestle with 500 µl of extraction buffer. They were then poured into a sterilized Eppendorf tube and 33 ul of 20% Sodium Dodecyl Sulphate (SDS) was then added and homogenized using a Vortex machine and later incubated in a water bath at 65oC for 10 mins. At room temperature, 10ul of 5M Potassium Acetate was then added, homogenized and centrifuged at 10000g for 10 minutes. The supernatant was collected in another Eppendorf tube and 300ul of cold Iso-Propanol was added, mixed gently and kept at -20oC for 60 minutes. Centrifugation was at 13000g for 10 minutes to sediment the DNA after which the supernatant was gently decanted and ensured that the pellets were not disturbed. The DNA pellets were then washed with 500 ul of 70 % ethanol by centrifuging at 10000g for 10 minutes. The ethanol was decanted and DNA was air-dried at room temperature until no trace of ethanol was seen in the tube. The pellets were then re-suspended in 50ul of Tris Ethylenediamine tetraacetic acid (EDTA) buffer to preserve and suspend the DNA. The PCR sequencing preparation cocktail consisted of 10 ul of 5x GoTaq colourless reaction, 3 ul of 25mM magnesium chloride (MgCl2), 1 ul of 10mM of the Deoxyribonucleotide metabolites (dNTPs) mix, 1 ul of 10 nmol each primer and 0.3units of Taq DNA polymerase (Promega, USA) made up to 35 ul with sterile distilled water. PCR was carried out in a GeneAmp 9700 PCR System Thermocycler (Applied Biosystem Inc., USA) with a PCR profile for each primer.21
Integrity, Purification and Sequencing 
The integrity of the amplified gene fragment was checked on a 1.5% agarose gel run to confirm amplification. The molten agarose was allowed to cool to 60°C and stained with 3ul of 0.5 g/ml ethidium and poured onto the tray and was allowed to solidify for 20 minutes. The 1XTAE buffer was poured into the gel tank to barely submerge the gel. Two microliters (2u1) of 10X blue gel loading dye were added to 4ul of each loaded PCR product after the 100bp DNA ladder was added. The gel was electrophoresed at 120V for 45 minutes, and later visualized by ultraviolet trans-illumination and photographed. The sizes of the PCR products were estimated by comparison with the mobility of a 100bp molecular weight ladder that was run alongside experimental samples in the gel.21
The amplified fragments were purified in ethanol to remove the PCR reagents. The purified fragments were checked on a 1.5% agarose gel, ran on a voltage of 110V for about 1hr, to confirm the presence of the product and quantified using a nanodrop. The amplified fragments were sequenced using a genetic analyzer 3130xl sequencer.21
Data Analysis
Bio-Edit software and MEGA 6 were used analysis, Excel worksheet was used to collate the data obtained from the research and GraphPad Prism (v21) was used to process and create graphs and charts of the research data.
RESULTS
The Rb gene showed different kinds of mutations in both samples (fibroadenoma and invasive ductal adenocarcinoma). In the fibroadenoma sample, missense type of mutations at 26(9:1) gene location was observed. The mutation occurred at codon 26 which led to the change of cysteine to tyrosine. On the other hand, the Rb gene showed different kinds of mutations in the different IDC samples. The mutations occurred at different codons ranging from 41 to 130.

The Rb gene showed different mutations; transition, transversion and Indel in IDC breast samples, but only transition mutation in in the fibroadenoma samples. These mutations were observed at different locations on the gene and consequentially affected the amino acid sequence (Table 1).
Table 1: Summary table showing the effect of mutation along the Rb Gene in Breast lesions
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FIGURE 1: Pie charts showing the Rb single nucleotide polymorphism mutation frequency in Fibroadenoma (FA) and Invasive Adenocarcinoma (IDC)

A: 	Fibroadenoma (FA) 
B:	Invasive Adenocarcinoma

The pie charts show the single nucleotide polymorphism. Chart A shows a mutation frequency of only 1 (100%) transition mutation observed in the Rb gene of the FA lesions in which mutation was observed.
While in chart B, of the 19 mutations observed in the IDC specimens, it shows a mutation frequency of 15 (79%) transition, 3 (16%) transversion and 1 (5%) Indel in the Rb gene in the IDC samples (Figure 1).
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FIGURE 2: Pie charts showing the Retinoblastoma functional mutation frequency in Fibroadenoma (FA) and Invasive Adenocarcinoma (IDC)

A: 	Fibroadenoma (FA) 
B:	Invasive Adenocarcinoma
The charts above show the functional Rb gene mutation, in chart A shows a mutation frequency of 1 (100%) missense mutation observed in the FA lesions.

While chart B, of the 18 functional mutations observed in the IDC specimens, it shows a mutation frequency of 13(72%) missense, 5 (28%) silent and zero (0%) nonsense in the IDC samples.
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FIGURE 3: Pie chart showing the comparison between fibroadenoma and Invasive adenocarcinoma mutation frequency within the Rb gene

The chart in Figure 3 shows that there was a higher frequency of mutation of the Rb gene in the IDC sample, with a frequency of 19(95%) mutation observed, than in the FA lesions with 1(5%) mutation observed.
The KRAS gene showed different mutations; transition, transversion and Indel. These mutations were observed at different locations on the gene and consequentially affected the amino acid sequences (Table 2).
Table 2: Mutation along with the Kirsten rat sarcoma viral oncogene homolog (KRAS) Gene
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FIGURE 4: Pie chart showing the KRAS single nucleotide polymorphism mutation frequency in Invasive ductal adenocarcinoma (IDC).
The chart in Figure 4 shows the Single nucleotide polymorphism, with 24 SNP mutations, having frequency of 17(71%) transition mutation, 5(21%) transversion mutation and 2(8%) Indel mutation observed in the KRAS gene in the IDC samples.
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FIGURE 5:	Pie charts showing the KRAS functional mutation frequency in invasive ductal adenocarcinoma (IDC).


The pie chart shows the functional mutation, with the mutation frequency of 19(86%) missense mutation and 3(14%) silent mutation observed in the KRAS gene in the IDC samples
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FIGURE 6: Pie chart showing the comparison between fibroadenoma and Invasive adenocarcinoma mutation frequency within the Kirsten rat sarcoma viral oncogene homolog (KRAS) gene.

The pie chart in Figure 6 shows that there was a higher frequency of mutation of the KRAS gene in the IDC sample than in the FA sample. Of the 24 observed mutations, IDC showed a frequency of 24(100%) mutation observed, then in the FA lesions with zero 0% mutation observed.
Discussion
This research study showed a significant level of frequencies in KRAS and RB gene mutation signatures in the IDC breast lesions than in the FA breast lesion, however, KRAS mutations were not observed at all in the FA lesions. Of all the mutations observed in this study, there was a 95% mutation of the RB gene in the IDC lesions and a 5% mutation of the RB gene in the FA lesions when compared to the KRAS gene which showed 100% mutation in the IDC lesion and 0% in the FA lesions. This study also showed more than one mutated gene in some IDC specimens at different locations.
The types of mutations observed in this research were encompassed by either the single nucleotide polymorphism mutation such as transitions, transversion and Indel mutations and also functional mutations such as missense, silent and nonsense mutations. Most of these mutations were seen within the genes of the IDC breast lesions than in the FA breast tissue.
Retinoblastoma (Rb) gene Mutation in Fibroadenoma and Invasive Ductal Adenocarcinoma Missense and silent mutations were found in 72% and 28% of the IDC breast lesions, respectively. A missense mutation alters a nucleotide, resulting in the substitution of various amino acids, which can result in a variety of illnesses.22 Because silent mutations are neutral, they do not affect the organism's phenotype.23 Since the majority of the observed mutations are missense, it suggests that mutations of this Rb gene at different codons and exons could result in distinct cancer types, and this is in tandem with reports described by Harbour and Dean.24 However, Rb functions are becoming increasingly complex and have yet to be fully understood,25 a report by Thomas and Balan suggested that Rb is involved in a regulatory mechanism that is disrupted during the development of the bulk of human cancers.26  Also, a study by Zacksenhaus et al. has reported that, in cancer progression, mutation of Rb decreases the differentiating potential of cycling cells, increases chromosomal instability, prevents induction of cellular senescence, promotes angiogenesis, and increases metastatic potential.27
KRAS Gene Mutation in Fibroadenoma and Invasive Ductal Adenocarcinoma
The research study observed that KRAS gene mutation was not seen in the fibroadenoma breast lesions that were sequenced. This suggests that the genomic alterations of FA may not be completely clear. However, in the IDC breast lesion samples, the mutations ranged between silent and missense types of mutations. The mutation percentages are 14% and 86% for silent and missense mutations respectively. This shows that there was more missense mutation in IDC when compared to the other types of mutations observed. A single amino acid substitution (a missense mutation), and in particular a single nucleotide substitution, is responsible for activating the mutation which is implicated in various malignancies.28 With the possible links between KRAS hyperactivity and human breast cancer that have been explored, this study recorded 86% of cases, unlike Hollestelle et al.,29 who found mutations in 12.5% of cases. Uberall et al.,30 reported that the lower frequency of KRAS mutations in breast cancer cell lines suggests their importance may be less significant than in other forms of cancer. We believe that the differences could be ascribed to various factors such as ethnicity, exposure and geographical location. Studies have shown a higher prevalence of breast cancer in developing countries, which is due to delayed presentation, late-stage diagnosis and limited access to treatment unlike those in developed countries that notice them earlier.31, 32 The mutations were recorded at the codons between 65 to 229. Exon 2 mutations at the codons 12 and 13 were the most common KRAS mutations in human cancers and therefore may adequately mirror human disease.33 
Significance of Research Findings
This study has showed that there are both single nucleotide mutation and functional mutations in breast lesion and this observed mutation are useful in gene targeted therapy and personalized medicine, whereby drugs that target those specific genes can be developed and used to treat patients with breast cancer or tumours at the early stage, either in FA cases or IDC case or even in both as reported by Saadallah.10 The use of KRAS inhibitor and RAS degrader in patients harbouring KRAS mutation can help in better prognosis.14,34 This can be applicable for Rb mutation, and the can be a significant shift in the treatment of breast tumours in patients in Nigeria.


CONCLUSION
The Rb and KRAS genes have been linked to breast tumours such as FA and IDC. The majority of mutations arise as a missense class. This demonstrates that missense mutations play a significant role in breast cancer aetiology.

Limitations of the Study
There were some limitations in this study, these include;
1. Limited access to a large number of samples
2. Lack of sufficient funds.
3. The short time frame of the study.
4. Limited access to more samples.
Strengths of this study
This study demonstrated the KRAS and Rb gene mutations are involved in the carcinogenesis of breast cancer.
Future Research 
Future studies should be done in the direction of other immunohistochemistry markers to investigate their significance in breast carcinogenesis. 
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Descriptio n   of  Mutation  Location   of  mutation  Speci men   Mutation  type  Mutation type description   

C  71(9:1)  IDC  Indel   Deleting valine  

C  105(9:1)  IDC  Indel   Deleting serine  

A: C  65(1:1)  IDC  Transversion  Missense mutation changes asparagine to histidine   

C: A   214(1:1)  IDC  Tran s version  Silent mutation as amino acid remained cystine  

G: C  125(1:1)  IDC  Transversion  Missense mutation changes valine to leucine   

G: C   127(9:1)  IDC  Transversion  Missense mutation changing proline to serine  

C: G  221(9:1)  IDC  Transversion  Missense mutation changes proline to alanine  

A: G  84(8:2)  IDC  Transition  Missense mutation changes glutamine to arginine  

A: G  107(1:1)  IDC  Transition  Missense mutation  changes glutamine to tryptophan  

G: A  118(7:3)  IDC  Transition  Silent mutation as amino acid remained alanine   

G: A  229(9:1)  IDC  Transition  Missense mutation changing tryptophan to stop codon  

A: G  119(9:1)  IDC  Transition  Missense mutation changes  isoleucine to valine  

G: A  132(3:2)  IDC  Transition  Missense mutation changes arginine to glutamine   

G: A  139(4:1)  IDC  Transition  Silent mutation as amino acid remained proline  

G: A  141(9:1)  IDC  Transition  Missense mutation changes serine to asparagine   

G: A  147(9:1)  IDC  Transition  Missense mutation changes tryptophan to stop codon  

T: C  126(9:1)  IDC  Transition  Missense mutation changes leucine to proline   

C: T  75(1:1)  IDC  Transition  Missense  mutation changes alanine to valine  

C: T  106(1:1)  IDC  Transition  Missense mutation changes glutamine to tryptophan  

C: T  128(9:1)  IDC  Transition  Missense mutation changes proline to serine  

C: T  129(4:1)  IDC  Transition  Missense mutation changes  proline to leucine  

C: A: G  79(8:1:1)  IDC  Transition  Missense mutation changes proline to glutamine  

C: A: C  149(8:1:1)  IDC  Transition   Missense mutation changes aspartate to asparagine to histidine  

C: A: T    22(8:1:1)  IDC  Transition  Missense  mutation changing leucine to isoleucine to  phenylalanine  
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Description   of  Mutation  Location   of  mutation  Specimen  Mutation  type  Mutation type description  

C  130  IDC  Indel  Deletion of histidine  

A: C  59(7:3)  IDC  Transversion  Missense mutation changes histidine to proline  

T: A  103(1:1)  IDC  Transversion  Missense mutation changes stop code to lysine   

T: A  106(1:1)  IDC  Transversion  Missense mutation changes cystine to serine  

G: A  26(9:1)  FA  Transition  Missense mutation changes cystine to tyrosine  

A: G  79(1:1)  IDC  Transition  Missense mutation changes lysine to glutamate  

G:   A  93(3:2)  IDC  Transition  Silent mutation as amino acid remained leucine  

G: A  115(7:3)  IDC  Transition  Missense mutation  changes aspartate to asparagine  

G: A  120(9:1)  IDC  Transition  Silent mutation as amino acid remained threonine  

A: G  127(1:1)  IDC  Transition  Missense mutation changes threonine to alanine  

T: C  56(7:3)  IDC  Transition  Missense mutation changes leucine to proline   

T: C  41(9:1)  IDC  Transition  Silent mutation as amino acid remained glycine  

T: C  69(7:3)  IDC  Transition   Silent mutation as amino acid remained asparagine   

C: T  74(3:2)  IDC  Transition  Missense  mutation changes serine to phenylalanine  

C: T  78(1:1)  IDC  Transition  Missense mutation changes lysine to glutamate  

T: C  84(3:2)  IDC  Transition  Silent mutation as amino acid remained isoleucine   

C: T  89(7:3)  IDC  Transition   Missense mutation  changes alanine to valine  

T: C  125(1:1)  IDC  Transition  Missense mutation changes leucine to proline   

G: C: A  99(6:1:3)  IDC  Transition  Missense mutation changes stop code to tyrosine  

G: A: T  53(6:1:3  IDC  Transition  M issense mutation changes  tryptophan to a stop code and  leucine  
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