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Περίληψη 
 Το ανθρώπινο γονιδίωμα φιλοξενεί σημαντική ποσότητα αλληλουχιών που 

προέρχονται από ρετροϊκές λοιμώξεις της γενετικής σειράς από την αρχαιότητα έως σήμερα, 

τους λεγόμενους ανθρώπινους ενδογενείς ρετροϊούς (HERVs). Οι ανθρώπινοι ενδογενείς 

ρετροϊοί (HERVs) πιθανολογείται ότι συμμετέχουν στην παθοφυσιολογία του καρκίνου του 

μαστού. Αυτή η ανάλυση εξετάζει την αλληλεπίδραση μεταξύ των ρετροϊών και του καρκίνου 

του μαστού αναλύοντας RNA ακολουθίες με σκοπό να μελετήσει υπερέκφραση των 

ενδογενών ρετροϊών σε ανθρώπινο ιστό μαστού κλινικού ενδιαφέροντος. 

 

 

 

Abstract 
The human genome harbours a significant amount of sequences that stem from 

retroviral infections of the germline in evolutionarily ancient times, so-called human 

endogenous retroviruses (HERVs). Human endogenous retroviruses (HERVs) are likely to 

take part in the physiopathology of breast cancer. This, to date, analysis examines the 

interaction between retroviruses and breast cancer, analyzing RNASeq datasets in order to 

study the overexpression of endogenous retroviruses in the human breast tissue of clinical 

interest. 

 

Keywords: HERVs, breast cancer, overexpression, risk factors 
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1. Introduction 

Historically, the oldest record of cancer was in Egypt in 3000 B.C. which has been 

noted down in an ancient textbook called the Edwin Smith papyrus [1]. Eight cases of 

tumours or ulcers of the breast were removed by cauterization with a so-called fire drill 

tool. The first physicians wrote about this disease: 

“Τhere is no treatment” 

One more historical reference is the case of Empress Theodora's (wife of Justinian I) 

death which was recorded by Victor of Tonnena, on 28 June 548 A.C. at the age of 48. Her 

death was attributed to breast cancer [2].  

Breast cancer is one of the most common cancers worldwide. In Greece, about 4,500 

new cases are reported each year, while it is estimated that 1 in 8 women worldwide will 

develop breast cancer sometime in their lives. In Europe, 60% of breast cancers are 

diagnosed at an early stage. It is extremely rare in men, with about 100 times less frequency 

compared to women and the same survival rates. 

However, breast cancer death rates are characterized by a declining trend, which is 

attributed to early diagnosis through mammograms as well as the improvement that have 

been made to the relevant treatments. 

Initially, breast cancer has no symptoms. Later, a palpable formation, skin discolouration 

or discharge may occur. If the woman does not pay attention to the above symptoms then 

she may experience signs of advanced disease, such as hot and red breast (inflammatory 

cancer), bone pain, large swelling. 

The main symptoms of breast cancer are: 

• Lump or sclerosis in the breast area or in the armpit. 

• Swelling of lymph nodes such as the armpit’s lymph nodes.  

• Secretion of fluid or blood from the nipple. 
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• Skin sagging. 

• Redness, tenderness or chest pain. 

 

Figure 1. 11 Symptoms of breast cancer 

The diagnosis of breast cancer at an early stage or even at a precancerous stage (non-

invasive breast cancer) is increasing due to the awareness of women regarding the clinical 

palpation of breast, mammography and ultrasound, as well as self-palpation. Once a 

suspicious tumor is identified, the diagnosis is made by taking tissue from the tumor for 

microscopic examination. There are 4 diagnostic methods: 

• FNA - Fine Needle Aspiration Cytological examination 

• Histological biopsy 

• Stereotactic biopsy 

• Open surgical biopsy 
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2. General Part  
2.1 About Breast 

The breast is a bifurcated organ. Its boundaries extend from the second to the sixth 

rib and from the parasternal to the middle axillary line. Its shape is hemispherical with 

relatively conical configuration, which differs depending on the stage of the woman's life. 

The breast is made of 3 types of tissue: 

• ducts and lobes of the breast are made of glandular tissue 

• fibrous, connective tissue includes the ligaments 

• fatty tissue exists between glandular and fibrous tissue. Fatty tissue also forms the 

breast size. 

 

Figure 2  Anatomy of the female breast  

2.2 Breast Development 

In general, the size and shape of female breasts are due to quantity of adipose tissue. 

However, these characteristics are influenced by many factors, such as: 
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• Family history 

• Age 

• Weight loss or gain 

• Pregnancy and breastfeeding 

• Hormonal effect 

• Menopause 

Female breasts are rarely symmetrical. One may be larger than the other or higher or 

have a different shape. The nipple can be flat, round, cylindrical or inward. As the color of 

the nipple as the areola (colored area around the nipple) are determined by skin color. Both 

of them contain specialized muscles and fibers that respond to stimulation of straightening 

the nipple. The areola contains Montgomery gland which lubricates the halo. The shape and 

appearance of the breasts change during a woman's life. Young women have more glandular 

tissue than fat, which is responsible for thicker breasts [3]. 

The mammary gland after birth remains hypoplastic until puberty. Estrogen production 

and progesterone activate breast growth. The lactiferous ducts are elongated and branched. 

The nipple begins to project and the first lobes of the gland are formed. At the same time fat 

tissue is deposited between lobular units, shaping the size and shape of breast. 

In the adult female, the breast changes in the various phases of the menstrual cycle. The 

breast begins to increase in size gradually about the 8th day of the cycle. This increase is 

due to swelling of the lobes, vascular congestion and increase of parenchyma with the 

appearance of new lobes. The changes recede after the onset of menstruation, so the first 

8-10 days of the cycle are the best time period for examination of breast. 

During pregnancy and lactation, the breast shows important changes. The size of breast 

and the diameter of the nipple increase in the 2nd month of pregnancy. The lactiferous ducts 
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are lengthened and new adenocytes are produced, so that the breast is ready for lactation 

at the end of the pregnancy. 

At the end of pregnancy, colostrum is produced the first 2-3 days after childbirth. Then 

the milk production begins which is regulated by prolactin. At the end of lactation the breast 

begins to recede, but the return to its size and shape is not the same as breast was before 

pregnancy. After menopause, the mammary gland is atrophied progressively and replaced 

by fibrous connective tissue and fat tissue [4]. 

2.3 About Breast cancer 

The disease is caused by the uncontrolled proliferation of pathological / cancerous 

cells, resulting in the formation of a malignant tumor. These abnormal cells have the potential 

to spread to adjacent tissues, or transport via hematogenous or lymphogenic spread to 

distant tissues with resulting in metastases [5, 6]. 

The transition from normal cells to cancer cells, and then to a solid tumor, is a complex 

process. This process involves a deregulation of cells by physiological mechanisms of cell 

proliferation and apoptosis due to genetic changes. The changes are hereditary (germ cell 

mutations), sporadic or due to viruses, radiation or "carcinogenic" substances. They involve 

oncogenes or loss of tumor suppressor genes, or they can also affect any region of genome. 

This leads to instability in the genetic material and finally induces the transformation of 

normal cells into cancer cells [7]. 

2.4 Molecular biology of breast cancer 

Gene analysis has identified 4 distinct oncogenic subtypes with distinct clinical 

behavior (Luminal A, Luminal B, Basal and HER-2). 
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Luminal A or Tumor type A:  
Cells express estrogenic (ER) and / or progesterone (PR) receptors. They do not 

express Ki-67 and do not have mutations in TP53. This kind of cancer usually has a better 

prognosis. 

Luminal B or Tumor type B:  
Cells express hormone receptors, ER and / or PR and Ki-67 They do not always 

respond to hormone therapy. Their biological behavior approaches to triple negative tumors. 

Tumors that overexpress HER2:  
HER2 is a transmembrane receptor of family of growth factors HER with tyrosine 

kinase activity. The overexpression of protein HER2 or multiple expression of HER2 gene is 

observed in 20% of breast cancer cases. Tumors, that overexpress HER2, are usually larger 

in size and coexist with infiltrated lymph nodes. About 50% of those tumors do not express 

hormone receptors [8, 9]. 

Basal or Triple negative tumors:  
The cells of these tumors do not express hormone receptors and do not overexpress 

the HER2 protein. They often show mutations in the TP53 and have a poor prognosis. 60% 

of these cells express EGFR and high molecular weight cytokeratins. 

In recent years many studies have been conducted on the molecular background of 

growth breast cancer. Among the genes that have been blamed for the appearance of the 

disease is the TP53 gene [10], topoisomerase IIa [11], epidermal growth EGF factor, the 

Akt1 protein gene [12, 13]. 
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Figure 3 Triple negative Cancer 

2.5 Risk factors 

The aetiology of breast cancer is multifactorial. Risk factors could be categorized into 

biological, environmental and hereditary. 

Biological factors 

• The age of menarche. Women who have menstruation before the age of 11-12 years, 

have an increased risk of breast cancer [14]. According to studies, every year of delayed 

menarche is associated with a 10-20% reduction in risk of occurrence breast cancer, 

possibly due to reduced breast exposure to higher levels of circulating estrogen. 

• The age of menopause. It is estimated that the risk of malignancy in breast is 

increased 3% for each year of delayed menopause, respectively due to increased breast 

exposure to estrogen, especially in cases of menopause after the age of 55 [14]. 

• Obstetric history is directly linked to the onset of cancer breast. Aggravating factors 

are infertility or incomplete gestation [15, 16], pregnancy over the age of 30 [15-17] and 

hormone therapy for delaying menopause [18, 19]. On the contrary, the younger age of a 

mother during the first full-term pregnancy reduces the risk of occurrence of breast cancer. 



 

 

- 14 - 

It is estimated that women with first full-term pregnancy before the age of 20 have a 30% 

lower risk compared to women with a first gestational age of 35 years [20]. 

• Miscarriage and abortion may act as an aggravating factor in appearance of 

malignancy in the context of abrupt changes in the hormonal status of a woman. [20]. 

• Breastfeeding may provide a protective effect against breast cancer. Studies have 

linked prolonged breastfeeding to a lower risk of occurrence of premenopausal breast 

cancer. 

• The use of hormones affects the likelihood of carcinogenesis. Estrogens and 

progesterone appear to promote the risk of malignancy, while the Tamoxifen seems to have 

a beneficial effect due to its anti-estrogenic effect. A controversial risk factor is the use of 

contraceptives. Although contraceptives have been the subject of plethora of studies, the 

results are contradictory [21-25]. 

Environmental Factors 

Environmental factors play an important role in carcinogenesis. Aggravating factors are: 

• obesity [26-29] 

• lack of physical activity [30]  

• radiation exposure [31, 32]  

• the history of radiotherapy [33],  

Finally, they also play an important role in the development and progression of breast 

cancer other temperamental and anthropogenic factors, such as:  

• the presence of dense breasts, mainly due to difficulty in examination and imaging 

control [34],  

• the height above the average, [26], 
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• multiple breast biopsies [34] in the context of induction of excessive inflammation 

reaction 

• the existence of a precancerous condition (atypical hyperplasia or 

other pre-malignant condition) [35]. 

 

Age is an independent aggravating factor. 

According to 

bibliography, a woman in the 7th decade 

presents a double risk of occurrence of 

breast cancer compared to the age of 50 

years [35]. 

 

 

 

 

• Diet is one of the most effective environmental factors  

The daily intake of olive oil, vegetables and fruits have shown reducing endogenous 

estrogen levels which leads to lower breast cancer risk. Instead, total and particularly 

saturated fat and consumption of alcohol are associated with increased breast cancer risk 

because of increasing estrogen levels.[38]  

Smokers also have increased risk of breast cancer [37,38].  Ionizing radiation is also a 

cause of breast cancer [36]. Total and free estradiol, estrone and estrone sulphate, 

androstenedione, testosterone and prolactin have been positively associated with breast 

Figure 4 Age - Number of breast cancer cases 
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cancer risk in women after menopause [36-38] Case-control studies have shown positive 

association between estrogens and breast cancer risk and also present the increase of 

breast cancer risk because of high levels of androgens [37, 38]. In premenopausal women, 

blood insulin like growth factor 1 (IGF-1) is positively associated with breast cancer risk. [38] 

Hereditary (genetic) Factors 

Genetic predisposition is a major risk factor for occurrence of breast cancer [25]. In 

clinical practice, mutations in BRCA1 and BRCA2 are investigated. Also the Mutations in 

TP53 are positively correlated with the onset of the disease. Finally, rarer mutations in the 

population have been implicated, such as ATM whose heterozygous carriers are at 

increased risk of disease, and sufferers of Muir-Torre and Peutz-Jeghers syndromes [39]. 

In fact, genetic predisposition is responsible for only 5-10% of cases, with the 

frequency of mutation in the BRCA1 and BRCA2 genes 1: 500 in the general population. 

Among certain tribes such as the Eskenazy Jews, the frequency may reach 1:40 [25]. 

However, the biological behavior of tumors in patients, who are mutants of the BRCA1 and 

BRCA2 genes, appear to be different from breast carcinomas that occur sporadically in the 

population. The first one are associated with a worse prognosis and higher rates of bilateral 

breast carcinoma [40, 41]. It is estimated that the majority of cases are due to failures in 

genetic material arising during the life [39]. 

Family history plays a key role in the onset of the disease. Women with 1st degree 

relatives (or even 2nd degree) who have been diagnosed with the disease, especially at a 

young age, and women with a family history of occurrence in more than one member family 

are at increased risk [42, 43]. 

Finally, the personal history of breast cancer and history of cancer ovaries or uterus are 

correlated. In the first case, there is a possibility of 1-2% per year for recurrence of the 

disease in the other breast [44], and in the second case the risk is higher due to the 
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increased likelihood of BRCA1, BRCA2 or other oncogenes being present [25, 39]. The 

individual characteristics associated with an increased probability of mutation in BRCA 1 

and 2 and consequently the onset of the disease are:  

• breast cancer at a young age 

• Ovarian cancer at any age 

• bilateral breast cancer 

• a history of breast and ovarian cancer 

Table 1 Factors evaluated in relation to breast cancer risk [45] 
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2.6 Histological classification of breast cancer 

With regard to malignant breast diseases, there are two main types of the disease: 

• Ductal carcinoma, which originates from the cells that cover the inside of the wall of 

the milk ducts 

• the lobular, which comes from the cells of the pods (lactiferous 

glands) 

Breast cancer is divided into invasive and non-invasive or in situ. When the Cancer 

infiltrates the basement membrane of the ducts or lobes of the mammary gland called 

infiltrative, while when cancer is confined to the epithelium without infiltrating the basement 

membrane, is called Ductal carcinoma in situ (DCIS).  

Respectively, when it does not infiltrate basement membrane of mammary gland, it’s 

called lobular carcinoma in situ (LCIS). DCIS is considered a precancerous condition. The 

occurrence of LCIS indicates high risk of development of invasive cancer.  The invasive 

breast cancer has the ability to metastasize, while the non-invasive type does not 

metastasize potentially.  
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Figure 5 Accumulation of genetic and epigenetic changes 

Other less common forms of breast cancer are inflammatory (1% -3%), Paget's disease 

(1%), and more rarely, angiosarcoma and other rare forms [46, 47]. More specifically, 

malignancies can be [48]: 

• [Ductal Carcinoma in situ-DCIS] 

• Lobular Carcinoma in situ-LCIS 

• Invasive Ductal Carcinoma [IDC] 

• Invasive Lobular Carcinoma [ILC] 

• Tubular carcinoma [Tubular carcinoma] 

• Myeloid Breast Carcinoma 

• Mucinous Carcinoma of the Breast 

• Papillary Carcinoma of the Breast 
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• Cribriform Carcinoma of the Breast 

• Inflammatory Breast Cancer 

• Paget’s Disease of the Breast 

• Phyllodes Tumor of the Breast 

• Angiosarcoma of the Breast 

 

Figure 6. Inflammatory breast cancer 

 

Figure 7. Inflammatory breast cancer 
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Figure 8 Normal milk duct & Cancerous milk duct 

Ductal carcinoma in situ DCIS (noninvasive carcinoma) 

Ductal carcinoma in situ is characterized by an increased number of epithelial cells, 

which show mild to severe cellular atypia. It is accompanied by the progression to invasive 

breast carcinoma [49].  Noninvasive carcinoma is more common than lobular carcinoma in 

situ. Deaths that occur from DCIS are associated with undiagnosed invasive carcinoma, 

which was present at the time of initial diagnosis of DCIS, or with de novo development of 

invasive carcinoma, at any other site in the breast [50]. The DCIS is distinguished in three 

degrees histologically, such as low, intermediate and high grade, mainly assessing the 

degree of nuclear atypia and the presence of ductal necrosis and less mitotic activity and 

presence of microcalcifications [49]. 

2.7 Staging of breast cancer 
The purpose of carcinoma staging is the accurate determination of the anatomical 

location and extent of the tumor and metastases, so the appropriate treatment could be 
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applied. This procedure requires an excellent recording of clinical and histopathological 

data. The cancer staging is a meticulous procedure. 

In the past, the staging of cancer in various stages of its evolution was simplistic and 

almost arbitrary. The neoplasms were evaluated only by their clinical picture, if they were 

surgically exceptional or not, and whether the disease was local, regional or metastatic. 

Today the TNM system devised at Goustave–Roussy Hospital of Paris, is widely 

applied and serves as prognostic system. It also accurately determines the therapeutic 

approach to breast cancer in each patient [51]. The system characteristics are analyzed in 

the table below: 

Table 2. Staging of breast cancer 

T is derived from the initial letter of the word tumor 

Tx: The volume can not be estimated 

T0: No indication of tumor 

T1: Volume of size equal to or <of 2.5 cm in its largest diameter 

T1a <0.5cm 

T1b 0.5-1cm 

T1c 1-2cm. 

T2 volume> 2-5 cm in its largest diameter 

T3: volume> 5cm in its largest diameter 

T4 tumor of any size by fixation or infiltration of the chest wall of overlying skin. 

T4a: expansion in the chest wall. 

T4b swelling or ulceration of the skin, or satellite nodules 
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T4c T4a and T4b together. 

T4d inflammatory carcinoma 

N is derived from the initial letter of the word, nodes 

Nx the condition of the lymph nodes cannot be determined. 

No without infiltration of the lymph nodes in the area 

N1 metastasis to the axillary lymph nodes, which are agile, fixed between 

themselves or in the surrounding tissues. 

N2 metastasis to the axillary lymph nodes, which are fixed to each other or in the 

surrounding tissues. 

N3 metastasis to the internal mammary lymph nodes. 

M is derived from the initial letter of the word, metastasis 

Mx the presence of metastases in distant organs has not been assessed 

Mo there are no distant metastases 

M1 there are distant metastases including metastasis in the supraclavicular lymph 

nodes. 

 

Table 3. Stages of breast cancer 

Stage Definition 

Stage 0 The abnormal cells are still confined to the ducts where they appeared at first. 

Stage I The diameter of the tumor is less than 2 cm and small islets of cancer cells 

could be found in the lymph nodes *. Stage I is divided into stages IA and IB. 
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Stage II The diameter of the tumor is either less than 2 cm and has expanded to axillary 

lymph nodes *, either between 2 and 5 cm, but there is no extention to the 

axillary lymph nodes. Stage II is divided into stage IIA and IIB. 

Stage III The tumor can be of any size, but: 

• has spread to either the chest wall and / or the overlying skin of breast 

• has extended to at least 10 axillary lymph nodes * or the axillary lymph 

nodes are connected to each other or to other tissues. It has also spread to 

lymph nodes near the sternum 

• It has extended to lymph nodes below or above the clavicle. 

Stage III breast cancer is divided into stage IIIA, IIIB and IIIC. 

Stage IV The cancer has spread to other organs in the body, most often to the bones, 

the lungs, liver or brain. These are called metastases * 

2.8 Epidemiology of breast cancer 

More than 1,6 million women per year are diagnosed with breast cancer according to 

World Health Organization. In Europe more than 450.000 women develop breast cancer and 

140.000 finally lose their lives [52].  

In 2020, 7.772 women were diagnosed with breast cancer which represents 27,5% 

of total female cancer cases in Greece as shown in the figure below. 
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Figure 9 New female cases of cancer. Greece 2020 

In 2020, 7.772 patients (both sexes) were diagnosed with breast cancer, which 

represents 12% of total cancer cases in Greece as shown in the figure below.

Figure 10 New cancer cases both sexes. Greece 2020 

According to the following diagram, breast cancer is first rated in incidence and 

second in mortality rate. 
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Figure 11. Incidence and mortality rates, top 10 cancers 

 

 

Figure 12 Global Maps Presenting the Most Common Type of Cancer Incidence in 2020 in Each Country 

Among (A) Men and (B) Women. 

2.9 HERVs 
Human endogenous retroviruses (HERVs) have infected human genome in the 

distant past, ongoing parallel to human evolution. Endogenous retroviruses (ERVs) are 

remnants of ancient active retroviruses that infected germline cells. ERVs are transmitted 

vertically through successive generations by Mendel’s model. About 8% of human genome 

is composed of HERVs, most of which are nonfunctional because of epigenetic control or 

deactivating mutations [53.] 
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Retroviruses are a subgroup of viruses characterized by their ability to integrate their 

genome into host-cell DNA. Retroviruses are double-stranded positive-sense RNA viruses 

that use reverse transcriptase enzyme to transcribe their RNAs to DNAs. The resultant DNA 

is later integrated into host DNA through viral integrase enzyme. Viral-integrated DNA 

(proviral DNA) is translated and transcribed to proteins as part of host genome using the 

genetic machinery of infected cell [54-56]. 

The genomic structure of retroviruses is composed of gene gag, pol/pro, and env 

flanked by two long terminal repeats (LTRs) which open reading frames (ORFs) and encode 

structural and functional viral proteins. LTRs encode promoter and polyadenylation signals. 

LTR retrotransposon sequences, including HERVs, make up about 8% of the human 

genome. HERV sequences are created from integration events, which occurred in humans 

100,000 years ago [57, 58]. Although there are currently no known infectious HERVs due to 

the accumulation of mutations over time, likely combined with selection against proviruses 

capable of giving rise to infectious virus, many of these sequences are still able to produce 

viral mRNA, protein, and even retrovirus-like particles [59–62]. Active LTRs affect host gene 

regulation up to 100 kb away, by giving alternative promoters, enhancers, splice sites, and 

termination signals. Additionally, HERV sequences are largely silenced in normal tissue 

through epigenetic effects, including DNA and chromatin modifications [63, 64].   

During the retrovirus infection cycle, viral genomic RNA is reverse transcribed into a 

DNA copy that is permanently integrated into the genomic DNA of the host. The integration 

of retroviral cDNA into the DNA of a germ cell occasionally results in an endogenous 

retrovirus (ERV), a provirus that is transmitted vertically to that host's offspring, and which 

may become fixed in the host species over time [65]. 

The expression of HERV depends upon regulation at the level of the LTRs which 

function as promoters for HERV expression [66] and have strong RNA Polymerase II 

regulatory sequences [67, 68]. They also contain a plethora of transcription factor binding 
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sites [69].  Solo LTRs are present in the genome due to recombination that excises the rest 

of the provirus [70]. Indeed, up to 85% of HERVs have undergone this recombinatorial 

deletion [71], making most HERV loci solo LTRs. Solo LTRs can serve as promoters in both 

sense and antisense orientations [72] and can alter the expression of host genes. Further, 

the expression of very long intergenic RNAs (vlincRNAs) which control pluripotency and 

malignancy was HERV LTR-driven [73], suggesting a role for HERV LTRs in regulating not 

only protein-coding genes but also the expression of long non-coding RNAs. Thus, the LTRs 

are an important site for epigenetic modifications to control HERV and human gene 

expression [74]. 

Human endogenous retrovirus type K [HERV-K(HML-2)]is expressed in subtypes 

of breast cancer. HERV-K(HML-2) is a retrovirus integrated into the primate genome 55 

million years ago. It ‘s a challenge for possible immunotherapy of breast cancer. A number 

of ERVs were recently reported to be re-activated in tumors, and several showed 

overexpression in the tumors but low or undetectable expression in normal tissues [75, 76]. 
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3. Methods  
In our study, it will be shown high expression of HERVs in malignant breast 

cancer and low expression in normal breast tissue. This search indicated the 

expression of HERVs around breast cancer types such as ductal carcinoma, triple 

negative cancer and adenocarcinoma. 

This to date analysis, evaluated the expression of HERV-K in ductal carcinoma and 

triple negative breast cancer subtypes. In this study, the transcriptome data were analyzed 

from 11 invasive ductal carcinoma (IDC) breast cancer patients (Table 4), and 6 healthy 

patients Their characteristics are shown in (Table 5) The data were downloaded from the 

Sequence Read Archive (SRA) database (https://www.ncbi.nlm.nih.gov/sra). 

3.1 RNA-Seq data analysis 

Data were accessed from SRA. Breast ductal carcinoma RNA-Seq data (BAM files) 

and their related clinical data were obtained from NCBI SRA. The paired-end FASTQ files 

for each sample were downloaded in sra format and were converted to fastq format using 

the command fastq-dump from sratoolkit.  

Mapping/Alignment: The paired-end reads in FASTQ format were aligned to the 

human reference genome, hg19 using bowtie2 with default settings The paired-end reads 

in FASTQ format were also aligned to the pseudogenome which was made using the 5’ and 

3’ LTR coordinated of HERV-K(HML-2) as described by Subramanian et al.  

The resulting alignments were then transformed to the standard bam file format, using 

samtools with default settings.  Expression of HERV-K-human junctions was extracted in 

raw reads using bedtools multicov with default settings. Then, the mapped reads were 

counted and were normalized by using the formula: 

𝑚𝑢𝑙𝑡𝑖𝑐𝑜𝑣	𝑝𝑠𝑒𝑢𝑑𝑜𝑔𝑒𝑛𝑜𝑚𝑒	𝑟𝑒𝑎𝑑𝑠
𝑎𝑙𝑖𝑔𝑛𝑚𝑒𝑛𝑡	𝑟𝑎𝑡𝑒	% ∗ 𝑟𝑒𝑎𝑑𝑠  
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A Pseudogenome based on coordinates of LTRS of HERV-K(HML-2) was created in 

order to detect expression of LTR-host junctions. [77] LTR coordinates used for the 

construction of the pseudogenome were described by Subramanian et al.. The integration 

of HERVs in human genome results in regions that were partial sequences of LTRs and also 

partial human sequences (LTR-host junctions). Several applications were used, in order to 

analyze these datasets such as SRA-toolkit, Samtools, Bowtie, IGV, BedTools (a software 

designed to detect how many reads correspond to every gene). 

In order to include the integration sites for the pseudogenome, partial human 

sequences were used, which started and ended in specified distance of bases from the start 

and the end of LTRs (the coordinates of start and end of LTRs are attached to excel). Hence, 

a Bed file was created adding and subtracting 66% of length of reads in order to include 

junctions. For example, the formula is described below: 

chr(1,2,3,etc) LTR start-66% length LTR start+66% length 

chr(1,2,3,etc) LTR end-66% length LTR end+66% length 

for any LTR of HERV. 

Command “bedtools getfasta” [78] was used with default settings, in order to create 

a fasta file including the LTR-host junction sequences that was used as the pseudogenome. 

As far as it concerns the alignment of pseudogenome, use the command: 

“bowtie2 -t -x bowtie2/hg19 ncbi/public/sra/....fastq -S bowtie2/....sam” 

Furthermore, downloading SAMtools was used for mapping the pseudogenome, via the 

following commands: 

1. ”wget https://github.com/samtools/samtools/releases/download/1.3.1/samtools-

1.3.1.tar.bz2”  

2. “tar -jvxf samtools-1.3.1.tar.bz2” 
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3. ”cd samtools-1.3.1” 

4. “make” 

 “.sam file” was converted to “.bam file” by means of the commands:  

“samtools view -S -b bowtie2/....sam > bowtie2/....bam”  

After that, files were sorted with samtools by means of the commands: 

“samtools sort bowtie2/....bam -o bowtie2/..._sorted.bam” 

“samtools index bowtie2/..._sorted.bam” 

3.2 RNA Seq Datasets. 
The following RNA-seq datasets were obtained through SRA NCBI: (Healthy breast 

tissue) SRR7687780, SRR7687798, SRR7687782, SRR7687788, SRR7687781, 

SRR7687797, (breast cancer tissue) SRR8743332, SRR10502311, SRR10612305, 

SRR7509754, SRR7509758, SRR12180250, SRR7500823, SRR10247656, SRR7509721, 

SRR7509732, SRR7509733 and were analyzed with the methods described in previous 

chapter. 

Table 4 RNA-seq data: Instrument ILLUMINA HiSeq 2500, strategy: RNA-seq, source: Transcriptomic, 

Selection: cDNA, Layout: Single (breast carcinoma) 

SRR Experiment Cell_Line disease_state 

SRR12180250 HCC1428-LTED adenocarcinoma 

SRR7509758 HCC38 ductal carcinoma 

SRR7509754 HCC39 ductal carcinoma 

SRR7500823 ZR75-1 ductal carcinoma 

SRR10247656 HCC38 ductal carcinoma 

SRR10612305 HCC38 ductal carcinoma 
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SRR10502311 MDA-MB-231 Triple-negative breast cancer 

SRR8743332 MCF7 ductal carcinoma 

SRR7509732 HCC38 ductal carcinoma 

SRR7509733 HCC38 ductal carcinoma 

SRR7509721 BT549 ductal carcinoma 

 

Table 5 RNA-seq data: Instrument: Next seq 500 ,strategy: RNA-seq, source: Transcriptomic, Selection: 

PolyA, Layout: Single, (normal breast tissue) 

SRR Experiment Cell_Line disease_state 

SRR7687788 Normal left Stroma normal breast tissue 

SRR7687782 Normal left epi normal breast tissue 

SRR7687798 Normal left Stroma normal breast tissue 

SRR7687780 Normal left Stroma normal breast tissue 

SRR7687781 Normal left epi normal breast tissue 

SRR7687797 Normal right epi normal breast tissue 

All data were downloaded into secure, password-protected directories of the SRA. 

SRA toolkit was downloaded via Linux to get access to SRA data. SRA Toolkit allows to 

create next-generation sequencing files in the desired format and cloud bucket [79]. 
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Table 6 Raw Reads and overall alignment rate came from alignment of any RNA-seq to Human genome 
(hg19). 

Pseudogenome Reads came from alignment of any RNA sequences to Pseudogenome. 

Normalized coverage of integration sites	
𝑚𝑢𝑙𝑡𝑖𝑐𝑜𝑣	𝑝𝑠𝑒𝑢𝑑𝑜𝑔𝑒𝑛𝑜𝑚𝑒	𝑟𝑒𝑎𝑑𝑠
𝑎𝑙𝑖𝑔𝑛𝑚𝑒𝑛𝑡	𝑟𝑎𝑡𝑒	% ∗ 𝑟𝑒𝑎𝑑𝑠  

Health 

Controls 

Alignment rate 

(%) 

Raw 

Reads 

Pseudogenom

e Reads 

Normalized 

coverage of 

integration sites 

SRR7687780 82,47 43714492 42 0,0000012 

SRR7687798 80,74 43150648 44 0,0000013 

SRR7687782 84,92 63226124 43 0,0000008 

SRR7687788 82,18 59081485 54 0,0000011 

SRR7687781 85,98 37692344 40 0,0000012 

SRR7687797 85,58 46520403 57 0,0000014 

 

Table 7 Raw Reads and overall alignment rate came from alignment of any RNA-seq to Human genome 
(hg19). 

Pseudogenome Reads came from alignment of any RNA sequences to Pseudogenome. 

Normalized coverage of integration sites:	
𝑚𝑢𝑙𝑡𝑖𝑐𝑜𝑣	𝑝𝑠𝑒𝑢𝑑𝑜𝑔𝑒𝑛𝑜𝑚𝑒	𝑟𝑒𝑎𝑑𝑠
𝑎𝑙𝑖𝑔𝑛𝑚𝑒𝑛𝑡	𝑟𝑎𝑡𝑒	% ∗ 𝑟𝑒𝑎𝑑𝑠  

Breast cancer 
Treatmen

t 

Alignmen

t Rate (%) 

Raw 

Reads 

Pseudogenom

e Reads 

Normalized 

coverage of 

integration 

sites 

SRR8743332 

ductal 
Yes 93,13 

2633363

6 
160 0,0000065 
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SRR10502311 

Triple negative 
Yes 91,25 8590444 39 0,0000050 

SRR10612305 

ductal 
Yes 91 

2168203

5 
13 0,0000007 

SRR7509754 

ductal 
No 95,58 1087054 23 0,0000221 

SRR7509758 

ductal 
No 96,04 1347370 17 0,0000131 

SRR12180250 

adenocarcinoma 
Yes 91,13 

1353898

4 
67 0,0000054 

SRR7500823 

ductal 
Yes 85,92 

1376565

5 
12 0,0000010 

SRR10247656 

ductal 
Yes 93,17 

6033943

1 
108 0,0000019 

SRR7509721 

ductal 
Yes 93,2 2075305 52 0,0000269 

SRR7509732 

ductal 
No 94,12 1464373 38 0,0000276 

SRR7509733 

ductal 
No 94,32 1442350 47 0,0000345 

 

The visualization of files was made by IGV, which is a program that allows to see the 

reads on chromosomes.  
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The accompanied IGV web tool allows users to upload FASTQ files and obtain visualized 

results. 

 
Pic.1 Visualization of a bam file of Healthy breast tissue (Health control) in chromosome 11 (chr11: 

93478768-93478868) in the IGV viewer 
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Pic 2. Visualization of a bam file of breast cancer tissue in chromosome 11 (chr11:62149628-62149714) in 

the IGV viewer 

 

Pic 3. Visualization of a bam file of healthy breast tissue (health control) in chromosome 10 
(chr10:29715589-29715689) in IGV viewer 
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Pic 4. Visualization of a bam file of breast cancer tissue in chromosome 10 (chr10:33184368-33184454) in 

the IGV viewer 

3.3 Method of statistical analysis 
Data analysis was performed in Microsoft Office Excel 2016 and in IBM SPSS 24. 

Chromosomes were represented using frequencies. Independent samples t-test was used 

to compare mean differences between 2 independent samples that are normally distributed. 

Mann Whitney test was used to compare medians between 2 independent samples that are 

not normally distributed. Normality was tested using the Shapiro Wilk test. Significance was 

set at 5% (Field, 2013) [102]. 

3.4 Inferential statistics 

3.4.1 Differences between health controls and breast cancers 

Table 8 represents results of independent samples t-test for Normalized coverage of 

integration sites between health controls and breast cancers. Normalization mean value of 

health controls (M=0,000001) is statistically significant lower (t (10,010) =-3,210, p=0,009) 

than mean value of breast cancers (M=0,000013). Figure 13 represents statistically 

significant differences  
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Table 8: Independent samples t-test for normalized coverage of integration sites between health 

controls and breast cancers. 

Factor Group N M 

df 

t  

p-

value 

Normalized 

coverage of 

integration 

sites 

Health 

controls 

6 0,000001 10,010 -

3,210 0,009 

Breast 

cancers 

11 0,000013  

  
 

 
Figure 13: Mean values for normalized coverage of integration sites between health controls and breast 

cancers 

3.4.2 Differences between treatment 

Table 9 represents results of Mann Whitney test for normalized coverage of 

integration sites. Mean rank of normalized coverage of integration sites for participants who 
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did not receive treatment (9,00) was statistically significant higher (U=2, p=0,023) than mean 

rank of participants who received (4,29). Figure 14 represents statistically significant 

differences.  

Table 9: Mann Whitney test for normalized coverage of integration sites in cases of treatment for breast 

cancers 

Factor Treatment N Mean Rank U p-value 

Normalized coverage 

of integration sites 

No 4 9,00 2 0,023 

Yes 7 4,29 

  
 

 
Figure 14: Box plot for normalized coverage of integration sites in cases of treatment for breast cancers 

Discussion 

Current analysis examined the expression of HERVs between breast cancer tissue 

and normal breast tissue. In addition, differences between breast cancers and health 
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controls in normalized coverage of integration sites were investigated as well, differences 

between breast cancers who received treatment and did not. 

Breast cancers indicated higher levels of HERVs expression in normalized coverage 

of integration sites than health control participants. Examining breast cancers, participants 

who received treatment had lower values in normalized coverage of integration sites than 

those who did not . 

To sum up, this study has indicated that breast cancer tissue has expressed higher 

levels of HERVs than normal breast tissue. Also, as far as it concerns breast cancer patients, 

those who received treatment had lower expression of HERVs than those who did not. 

Historically, human retroviruses were for the first time associated to carcinogenesis 

in the early 1970s [80]. The HERVs have been utilized as biomarkers for staging and 

prognosis of malignant cancer [81] The HERV-K(HML-2) envelope protein is the most useful 

tool for the diagnosis of human breast cancer. HERV-K(HML-2) gene is present in breast 

cancer in contrast to its absence or very low levels in normal breast tissue [82]. The elevation 

of HERV-K(HML-2) antibodies and mRNA witnesses an initial stage breast cancer stage 

and further increase indicates metastasis [83].  

The results of the present study showed that run-through transcripts over HERV 

integration sites are over-expressed in breast cancer samples in comparison with the normal 

tissues.  

Conclusion 

It has been recognized for many years that endogenous retroviruses and other 

retroelements contribute to malignant diseases. Targeting of the neoplastic cell will be an 

important issue to prevent jumping from the “frying-pan” into the fire. The expression as well 

as the over-expression of HERVs might become an important biomarker of breast cancer in 

the future. 
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