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1. INTRODUCTION 

Worldwide, pathology laboratories routinely process patient samples using formalin fixation and paraffin 

embedding (FFPE). FFPE allows for immunohistochemistry investigation for clinical diagnosis while maintaining 

tissue morphology [1, 2]. Several research investigations have documented noteworthy correlations between mtDNA 

and other illnesses, such as various forms of cancer [3]. Numerous researches comparing various deparaffinization and 

DNA extraction methods in different carcinomas, including cervical cancer, breast cancer lymphoma, hepatocellular 

carcinoma, stomach adenocarcinoma, and colonic tumor, have been conducted in the past [4-7]. 

Breast cancer is the most frequently identified malignant growth in women. Most of these cancers begin in the lobules' 

epithelial cells and the breast's nonepithelial tissue. However, on rare occasions, mixed carcinomas and sarcomas may 

also occur. Breast cancer is the most common cancer in women worldwide [8, 9]. 

Tissues that have been formalin-fixed and paraffin-embedded (FFPE) are a remarkable source of preserved and 

morphologically characterized disease-specific biological substance that allows molecular results to be correlated, 

treatment, and clinical results [10, 11]. The quantity of DNA obtainable from biological specimens may restrict the 

applicability of molecular research as interest in the genetic causes of diseases grows [12, 13]. They are frequently used 

in Real-Time PCR experiments and other PCR-based DNA amplification-based clinical and research molecular 

analyses [14]. Because of its many benefits, formalin is the most frequently employed fixative in histopathology. 

However, crosslinking tissue proteins destroys tissue nucleic acids, causing severe DNA and RNA fragmentation [15]. 
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The amplification of longer DNA targets and lower PCR yields are known to be connected with fixation intervals and 

the difficulty of PCR when using DNA recovered from fixed tissues [1]. Before extraction, techniques for paraffin 

removal from fixed tissues (such as the use of ethanol and xylene washes) are thought to be crucial to maximizing the 

quality and quantity of extracted nucleic acid; failing to do so results in low-quality samples and inhibiting subsequent 

PCR reactions [16]. Recently, a new method for removing formaldehyde from samples has been introduced. This 

technique involves using a series of ethanol washes with varying concentrations [17]. When utilizing DNA extraction 

techniques, factors such as the extraction buffer's composition (including the presence of proteinase-K) and the 

temperature and duration of the digesting stage should be considered [18, 19]. 

The significance of mitochondria in disease development, particularly in aspects like oxidative phosphorylation 

(OXPHOS), chiefly involves their function in initiating apoptosis, generating free radicals, and producing ATP [20]. 

Mitochondria are organelles in the cell that produce ATP, a kind of energy that the cell can utilize [21, 22]. Margit and 

Sylvan Nass first discovered and isolated mitochondrial DNA (mtDNA) in 1963 while studying some mitochondrial 

fibers that appeared to be associated with DNA due to their fixation, stabilization, and staining characteristics [23]. The 

mtDNA found in mammals is circular and double-stranded; each mammalian cell possesses multiple copies [24, 25]. It 

is an intron-less and consists of ~ 16.5 kilobases in size. It consists of 37 genes, 13 protein subunits for the oxidative 

phosphorylation (OXPHOS) system, two ribosomal ribonucleic acids (12S and 16S) and all 22 transfer ribonucleic 

acids required to synthesize the mitochondrial proteins (Figure 1) [25-28]. 

 

Figure 1: The human mtDNA with genes and control regions marked. Adapted from [29] 
 

2. MATERIALS AND METHODS  

2.1 Samples collection     
     Fifty blocks (FFPE) of breast tissues were prepared and stored for one year were used for mtDNA extraction and 

ATP6 and Dloop genes amplification. This research was conducted according to manufacturers of gSYNCTM DNA 

extraction kit (cat#GS100). Each block of tissue was cut into three sections with 8mm thickness.  

 

2.2 MtDNA extraction protocol: 
     To extract human mtDNA from FFPE samples, the commercial gSYNC DNA kit (Geneaid, cat.GS100/ Taiwan) 

was used according to the manufacturer's guidelines. The tissues underwent dewaxing using xylene, then centrifuge for 

3 min to remove the supernatant, then followed the extraction steps in the kit, which included: Add 200 μl of the GST 

buffer &20 μl of a proteinase K. Then shake thoroughly and incubate in a waterbath at 60°C for overnight, or until the 

sample clears, Cell Lysis (move the supernatant to a new1.5ml microcentrifuge tube and add 200 μl of GSB Buffer ),  

Binding DNA (add 200 μl of pure ethanol ), Add 400 μl of W1 Buffer to the GS Column to wash and finally steps DNA 

Elution (add 50 μl of pre-heated elution buffer into the center of the column then, centrifuge for 3sec to elute purified 

DNA). 

2.3 PCR Amplification: 
Extracted mtDNA was used to run a PCR experiment with specific primer sets to amplify mtDNA genes (ATP6 and D-

Loop). The primer sequences for different genes are illustrated in Table 1. The amplification process involved 50 ml 

PCR reaction volume, which included the reaction master mix of 25μl Taq polymerase, 19 μl nuclease-free water, 2μl 

Forward primer,2μl reverse primer, and 2μl DNA template. The PCR program consisted of the first denaturation at 95 

ºC for 4min, followed by 40 cycles. Every cycle consisted of denaturation at 95ºC for 30sec, annealing at 58ºC for 30 
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sec, extention1 at 72ºC for 1min, and final extenion at 72ºC for 5min. The analysis of PCR products was analyzed by 

electrophoresing with three microliters of the PCR product on 0.5g of agarose gel. 

 

 

Table 1: PCR primers. 
 

 

DNA primers Source Gene Length 
PCR 

amplicon size 

ATP6 
Forward 5`-ATGAACGAAAATCTGTTCGC-3`  

Reverse 5`-CCTGCAGTAATGTTAGCGGT-3`        NCBI/ 

 NC_012920.1 

8527-9024 500bp 

D-Loop 
Forward 5´-AGTGGCTGTGCAGACATTCA-3´ 

Reverse 5´-ACCAACAAACCTACCCACCC -3´ 
256-16277 558bp 

 

 

3. RESULTS AND DISCUSSION 

 
The amount of mtDNA yielded using the gSYNCTM DNA extraction kit was sufficient and can be used to run many 

molecular and genetic experiments, such as conventional PCR reactions. To test the quality of the extracted mtDNA, 

two mitochondrial genes were examined. Specific primers for the following genes ATP6 (8527-9024) and D-loop  

(256-16277) were designed and used. The results showed that the ATP6 gene was successfully amplified with a 98% 

percentage (figure 1).  While the success rate of D-loop amplification was 96% (figure 2). The average failure to amplify 

the genes was 3%, which could be explained by the block preparation, poor storage, or an error during the technique. 

These results suggested that the extracted mtDNA was of high quality and could be used to do many molecular studies. 

 

 

 
 

Figure 1: Agarose gel electrophoresis: 3 μl of PCR product were mixed with loading dye and loaded in the gel 

wells. M: 100 bp DNA marker (Geneaid#Cat. No. isDL007). Lanes 1 to 8 were ATP6 (positive) samples. 
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Figure 2: Agarose gel electrophoresis: 3 μl of PCR product were mixed with loading dye and loaded in the gel 

wells.M: 100 bp DNA marker (Geneaid/Cat. No. isDL007).  lanes, 1-to 7 were D-Loop samples (positive). 

 

 

Evaluating different susceptibility and tumor indicators in tissue samples preserved by FFPEsamples is becoming 

increasingly important in molecular epidemiology research. PCR is a technique that is particularly useful for examining 

tissues from FFPE since it is easily accessible. However, several factors, including the type of fixative chosen, the 

length of fixation, the technique for extracting DNA, the size of PCR amplimers, the quantity of template DNA, and 

the fine-tuning of PCR conditions, all affect PCR's effectiveness. These factors could explain why very small percentage 

(3%) of the samples were not be able to amplified [14, 30]. 

 

4. CONCLUSION 

 
The present study's purpose was to extract mtDNA from FFPE samples, which were stored for a long time (one year) 

with high quantity and quality. FFPE samples are a valuable source in molecular, genetic, biomedicine, and 

biopharmaceutical studies. Our result showed that mtDNA was extracted with high amount. The high rate of genes’ 

amplification (98% of ATP6 gene and 96% of D-Loop) confirmed the high quality of the extracted mtDNA. The 

technique described here has much potential for use in various molecular and genetic research, such as PCR, northern 

blot, and DNA sequencing. with FFPET material  
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