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Abstract. Mobile genetic elements classed as transposons 
comprise an estimated 45% of the human genome, and 8% of 
these elements are human endogenous retroviruses (HERVs). 
Endogenous retroviruses are retrotransposons, containing 5' 
and 3' long terminal repeat sequences and encoding envelope, 
group‑specific antigen and DNA polymerase proteins. The 
aim of the present study was to analyse genome integration 
polymorphisms of HERV type K member 6 (HERV‑K6) and 
HERV‑K11 by using the retrotransposon based molecular 
marker technique, inter‑retrotransposon amplified polymor-
phism (IRAP). For this purpose, blood samples of 18 healthy 
individuals within the age range of 10‑79 years (10 females 
and 8 males) were collected, genomic DNAs were isolated 
and IRAP‑polymerase chain reaction (PCR) was performed. 
IRAP‑PCR analyses demonstrated that there were 0‑70% 
polymorphism rates for HERV‑K6, and 0‑38% polymorphism 
rates for HERV‑K11 among all the samples. Furthermore, the 
polymorphism rates were 0‑70% among females and 11‑60% 
among males for HERV‑K6, and 0‑38% among females 
and 0‑25% among males for HERV‑K11. Age‑associated 
polymorphism was also investigated, but no age‑associated 
polymorphism was observed among the samples. Therefore, 
HERV‑K6 and HERV‑K11 polymorphisms may arise on an 
individual‑specific basis. Various previous studies have inves-
tigated the associations between the expression of HERVs and 
cancer or other major diseases. However, few reports have 

analysed HERV‑K movements among individuals. This is the 
first report to investigate HERV‑K6 and HERV‑K11 retrotrans-
poson polymorphisms between the genders and different age 
groups.

Introduction

Human endogenous retroviruses (HERVs) belonging to the 
superfamily of transposable and retrotransposable genetic 
elements represent ~8% of the human genome (1). HERV 
type K (HERV‑K) is the sole group of endogenous retroviruses 
that is established to contain human‑specific members. Group 
HERV‑K (also known as human mouse mammary tumour 
virus like‑2, HML‑2) occupies ~5% of the DNA created by 
insertions of human-specific transposable elements and is 
among the most studied groups of human retroelements (2). 
The HERV‑K group may be divided into 10 families. The 
designation ‘K’ originates from their use of a lysine transfer 
RNA to prime reverse transcription, while ‘HML‑2’ indicates 
the relationship to the murine betaretrovirus mouse mammary 
tumour virus (2).

The disease association of HERVs has been a focus of 
research, and there have been a number of studies on the 
different expression profiles of HERVs in various clinical 
situations: According to certain studies, HERVs may serve a 
significant role in embryonic development, thereby contrib-
uting to formation of the placenta, and may have correlation 
with cancer and autoimmune diseases (3‑6). However, there 
are few studies on the transpositions of HERVs in the human 
genome. Furthermore, to the best of our knowledge, there have 
been no studies on age‑related polymorphisms of HERVs in the 
human genome. HERV‑K elements are the youngest and most 
active family among HERVs. There has been specific focus 
on the ability of these elements to cause or prevent diseases 
through their expression (7). Taking these into consideration, 
the present study detected retrotransposon polymorphisms in 
HERV‑K member 6 (HERV‑K6) and HERV‑K11 in healthy 
individuals of different ages (between 10 and 79 years old) 
by using the inter‑retrotransposon amplified polymorphism 
(IRAP) molecular marker technique. The IRAP technique was 
developed as a molecular marker method due to the abundance 
and ubiquity of long terminal repeat (LTR) transposons in 
the plant genome (8). This technique amplifies the sequences 
between two adjacent retrotransposons with primers facing 
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outward from the LTR sequences (9). Previous studies by 
our group demonstrated that the IRAP technique could also 
be applied to the human genome (10,11). Thus, the IRAP 
technique was the method of choice in the present study for 
polymorphism analysis of HERV‑K transpositions in human 
subjects.

Materials and methods

Sample collection and DNA extraction. HERV‑K6 and 
HERV‑K11 retrotransposon transpositions were analysed in 
DNA samples of 18 healthy individuals between the ages of 
10 and 79 years old. The DNA samples were from Dr Kaniye 
Sahin's DNA collections at Istanbul University Medical 
Faculty (Istanbul, Turkey). The subjects from which samples 
were collected were Turkish, and from the Istanbul University 
Department of Molecular Biology and Genetics. Subjects 
completed an information form prior to sample collection. This 
form requested health information from subjects regarding 
concomitant diseases, medication and genetic history. 
Excluded subjects were those presenting with any disease or 
genetic disorder and/or were on a current course of medication. 
Table I lists the gender and age information of the subjects. 
The present study established 5 age groups: 10‑19 (n=4), 20‑29 
(n=4), 40‑49 (n=3), 60‑69 (n=3) and 70‑79 (n=4) years. Genomic 
DNAs were extracted from 5 ml venous blood samples (intra-
venous; collected between January and February 2013) using a 
High Pure PCR Template Preparation kit (Roche Diagnostics 
GmbH, Mannheim, Germany) according to the manufacturer's 
protocol. The extracted genomic DNA samples were stored at 
‑20˚C until use. The procedures followed were in accordance 
with the current ethical standards of Istanbul University 
Medical Faculty, and the information form included a signed 
statement of written informed consent agreeing to the use of 
patient materials for research purposes on the condition of 
anonymity being retained.

IRAP‑polymerase chain reaction (PCR) analysis. Primer 
sequences of HERV‑K6 and HERV‑K11 were obtained from 
the National Centre for Biotechnology Information database 
(https://www.ncbi.nlm.nih.gov/; accession nos. AF074086.2 
and DQ112099.1, respectively; Table II). IRAP‑PCR was 
performed with 2X SapphireAmp Fast PCR Master Mix 
(Takara Biotechnology Co., Ltd., Dalina, China; RR350A), 
10 µM of each primer and 20 ng template genomic DNA. 
PCR amplification was performed under the following cycling 
conditions: Denaturation at 95˚C for 10 min, followed by 
40 cycles of 94˚C for 30 sec, 53‑56˚C for 30 sec and 72˚C for 
3 min, and a final extension step at 72˚C for 10 min (T100TM 
Thermal Cycler; Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA). The PCR products were resolved by 2% agarose gel 
electrophoresis with ethidium bromide staining. Following 
electrophoresis, the gel was scanned and photographed on a 
UV transilluminator.

Determination of polymorphism rates. The polymorphism 
ratios of samples were calculated using the Jaccard similarity 
coefficient (12). In brief, bands were scored as a binary value: 
‘0’ for absence and ‘1’ for presence; the binary matrix (1/0) 
was then used to calculate the similarity between the different 

individuals using Jaccard's coefficient. Additionally, the GelJ 
v.2.0 programme (Department of Mathematics and Computer 
Science, University of La Rioja, Logroño, Spain) was used 
to construct a phylogenetic tree: The unweighted pair 
group method with arithmetic mean (UPGMA) clustering 
method of GelJ was used for the gel images to construct 
dendrograms (13).

Results

Polymorphism analysis. According to the band profiles 
of HERV‑K6, a total of 198 bands were detected, of which 
137 were monomorphic bands and 61 were polymorphic bands, 
ranging from 200 to 3,000 bp (Fig. 1). The polymorphic (‑) and 
monomorphic (+) band numbers in each sample are listed in 
Table III. As a result of IRAP‑PCR, polymorphism ratios were 
determined as 0‑70% for all samples (Table IV). The polymor-
phism rates were 0‑70% among females and 11‑60% among 
males. Age‑associated polymorphism was not observed in the 
study group (data not shown).

Analysis of HERV‑K11 band profiles identified 162 
scorable bands in all samples: 130 monomorphic bands and 32 
polymorphic bands ranging from 200 to 3,000 bp (Fig. 2). The 
polymorphic (‑) and monomorphic (+) band numbers in each 
sample are listed in Table V. As a result of IRAP‑PCR, poly-
morphism ratios were determined as 0‑38% for all samples 
(Table VI). The polymorphism rates were 0‑38% among 
females and 0‑25% among males. Similar to HERV‑K6, 
age‑associated polymorphism was not observed in the study 
group (data not shown).

Clustering analysis. The UPGMA clustering method was 
performed for HERV‑K6 and HERV‑K11 profiles in the 
samples. According to the band profiles of HERV‑K6, the 

Table I. Demographic information of enrolled subjects.

Subject no. Sex Age range (years)

1 Female 10-19
2 Male 10-19
3 Female 10-19
4 Female 10-19
5 Male 20-29
6 Male 20‑29
7 Male 20‑29
8 Female 20-29
9 Male 40-49
10 Female 40-49
11 Male 40-49
12 Male 60‑69
13 Female 60‑69
14 Female 60‑69
15 Female 70‑79
16 Female 70‑79
17 Female 70‑79
18 Male 70‑79
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18 analysed samples were grouped in two clusters. The first 
group consisted of the numbered samples 1 and 10‑18, while the 
second group consisted of the numbered samples 2-9 (Fig. 3). 
As a result of UPGMA analysis of HERV‑K11, the 18 anal-
ysed samples were grouped in two clusters. Samples 1‑11 were 
grouped in the first cluster, while 12‑18 were grouped in the 
second (Fig. 4).

Discussion

The presence of HERVs in the human genome is considered 
to be a result of insertion of their exogenous ancestors into 
primate germ-line cells (14). Further amplification via 
retrotranspositions likely resulted in the formation of the HERV 
families identified to date, which have been suggested to serve 

a significant role in primate evolution (14‑16). The HERV‑K 
family is established as the most functionally active group of 
endogenous retroviruses (17). In the present study, the IRAP 
molecular marker technique was used to assess HERV‑K6 
and HERV‑K11 transpositions in the human genome, and 
determined that HERV‑K6 and HERV‑K11 elements may 
still be active in the human genome. According to the IRAP 
analysis results, HERV‑K6 and HERV‑K11 exhibited notably 
similar band profiles (137 monomorphic bands for HERV‑K6; 
130 monomorphic bands for HERV‑K11). However, the small 
numbers of polymorphic bands varied between the HERV‑K6 
and HERV‑K11 profiles of the different DNA samples 
(61 polymorphic bands for HERV‑K6; 32 polymorphic bands 
for HERV‑K11). When band profiles of samples were compared 
between different age groups and same age groups, no marked 
differences were determined regarding polymorphism age 
specificity. Furthermore, as the study group was composed of 
males and females, the band patterns of males and females 
were compared; however, no gender specific polymorphisms 
were determined. Therefore, polymorphisms were considered 
to be individual specific. Additionally, the study group did not 
include any family members. Thus, polymorphism rates may 
also be family specific.

There have been a number of studies on HERV polymor-
phisms (11,18‑20). A study by Mamedov et al (18) identified a 
novel HERV‑K solo LTR insertion polymorphism, suggesting 
a recent retrovirus insertion followed by a recombination 
event between two retroviral LTRs. Additionally, the allele 
frequencies were studied in 88 human DNA samples among 
different ethnic groups: Mordvinians, Bashkirs and Kalmyks 
(all from Russia) and five samples of African origin (all from 
Guinea‑Bissau) (18). Another study by Guliyev et al (11) 
observed integration polymorphism patterns for HERV‑H 

Table II. Primer sequences for HERV‑K6 and HERV‑K11.

HERV‑K member Primer Sequence (5'‑ 3') Ta (˚C) Accession no.

HERV‑K6 Forward CCTACAGGTTTCACCATCTTG 53 AF074086.2
 Reverse CTTCTTTCTACACAGACACAG
HERV‑K11 Forward CCACAGGTGTGGAGGGACAACC 56 DQ112099.1
 Reverse CACCGAGACATTCCATTGCCC

HERV‑K, human endogenous retrovirus type K; Ta, annealing temperature.

Figure 1. Inter‑retrotransposon amplified polymorphism‑polymerase chain 
reaction amplification using human endogenous retrovirus type K member 
6‑specific primers. Lane numbers correspond to the subjects listed in Table I. 
M, marker (GeneRulerTM100 bp plus; Fermentas; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA); NC, negative control (no template DNA). Arrows 
indicate polymorphic bands.

Table III. Polymorphic (‑) and monomorphic (+) band num-
bers of HERV‑K6.

 HERV‑K6
 ---------------------------------------------------------
Subject no. + -

1 5 6
2 4 7
3 4 7
4 8 3
5 9 2
6 7 4
7 9 2
8 6 5
9 6 5
10 9 2
11 10 1
12 10 1
13 10 1
14 8 3
15 8 3
16 8 3
17 8 3
18 8 3

HERV‑K6, human endogenous retrovirus type K member 6; +, mono-
morphic; ‑, polymorphic.
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in the tested individuals (n=20) of diverse ethnic origin. 
Furthermore, a study by Kahyo et al (19) investigated 
HML‑2 (HERV‑K) insertional polymorphisms in a small 
Japanese population. They compared reference genomes 
obtained from genome projects and genomic PCR sequences. 
Sequencing of the preintegration sites identified a HML‑2 
site, located at 7p21.2. Another insertionally polymorphic site 
for a non‑human‑specific HML‑2 site was also identified at 
6p25.2 (19). In a study conducted by Belshaw et al (20), 113 
human‑specific HERV‑K (HML2) elements were identified 
in the human genome sequence, 8 of which were insertion-
ally polymorphic. Furthermore, it has been determined that 
the number of polymorphic elements was not significantly 
different from that predicted by a standard population 
genetic model that assumes constant genetic activity of the 
family (19). This suggests that the HERV‑K family may be 
active in humans.

Table IV. Polymorphism rates (%) of human endogenous retrovirus type K member 6 determined by Jaccard coefficient.

Subject no.  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1 -
2 20 -
3 20 0 -
4 56 50 50 ‑
5 60 56 56 11 ‑
6 50 43 43 13 22 ‑
7 44 56 56 30 36 22 ‑
8 63 57 57 25 33 14 33 ‑
9 57 50 50 56 44 50 60 43 ‑
10 60 70 70 30 20 40 36 33 44 ‑
11 50 60 60 20 10 30 27 40 50 10 ‑
12 50 60 60 36 27 30 10 40 50 27 18 ‑
13 50 60 60 20 10 30 27 40 50 10 0 18 ‑
14 38 50 50 22 30 13 11 25 56 30 20 20 20 ‑
15 38 50 50 22 30 13 11 25 56 30 20 20 20 0 ‑
16 38 50 50 22 30 13 11 25 56 30 20 20 20 0 0 ‑
17 38 50 50 22 30 13 11 25 56 30 20 20 20 0 0 0 ‑
18 38 50 50 22 30 13 11 25 56 30 20 20 20 0 0 0 0 ‑

Emboldened, maximum polymorphism rate.

Table V. Polymorphic (‑) and monomorphic (+) band numbers 
of HERV‑K11.

 HERV‑K11
 ---------------------------------------------------------
Subject no. + -

1 7 2
2 8 1
3 7 2
4 7 2
5 8 1
6 6 3
7 7 2
8 5 4
9 8 1
10 8 1
11 7 2
12 8 1
13 8 1
14 7 2
15 7 2
16 8 1
17 7 2
18 7 2

HERV‑K11, human endogenous retrovirus type K member 11; +, 
monomorphic; ‑, polymorphic.

Figure 2. Inter‑retrotransposon amplified polymorphism‑polymerase chain 
reaction amplification using human endogenous retrovirus type K member 
11-specific primers. Lane numbers correspond to the subjects listed in 
Table I. M, marker (GeneRulerTM100 bp plus; Fermentas; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA); NC, negative control (no template 
DNA). Arrows indicate polymorphic bands.
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According to the results of the present UPGMA analysis, 
re‑ordered samples exhibited similar band patterns. When 
investigating the dendrograms of HERV‑K6 and HERV‑K11, 
it was observed that all re‑ordered samples were not included 
in the same or different age groups (data not shown). For 
instance, samples 1, 13 and 14 were in the same group on 
UPGMA analysis of HERV‑K6 profiles, despite the samples 
belonging to different age groups. Similarly, while samples 6, 
7 and 11 were in the same group on UPGMA analysis of 

HERV‑K11, they belonged to different age groups; by contrast, 
samples 1‑3 were in the same age group and also the same 
group determined by UPGMA clustering. These results indi-
cated that the polymorphisms were not age‑associated. Thus, 
the polymorphisms may be individual specific.

High-throughput sequencing technologies have also provided 
information on insertionally polymorphic sites of HERV‑K in 
different studies (21‑23). A study by Shin et al (24) analysed 
insertions of HERV‑K elements including HERV‑K101 and 

Table VI. Polymorphism rates (%) of human endogenous retrovirus type K member 11 determined by Jaccard coefficient.

Subject no.  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

1 -
2 13 -
3 0 13 -
4 0 13 0 -
5 13 22 13 13 -
6 14 25 14 14 25 ‑
7 0 13 0 0 13 14 ‑
8 29 38 29 29 38 17 29 ‑
9 13 22 13 13 0 25 13 38 -
10 13 22 13 13 0 25 13 38 0 -
11 0 13 0 0 13 14 0 29 13 13 -
12 13 22 13 13 0 25 13 38 0 0 13 -
13 13 22 13 13 0 25 13 38 0 0 13 0 - 
14 0 13 0 0 13 14 0 29 13 13 0 13 13 - 
15 0 13 0 0 13 14 0 29 13 13 0 13 13 0 -  
16 13 22 13 13 0 25 13 38 0 0 13 0 0 13 13 - 
17 0 13 0 0 13 14 0 29 13 13 0 13 13 0 0 13 ‑ 
18 0 13 0 0 13 14 0 29 13 13 0 13 13 0 0 13 0 -

Emboldened, maximum polymorphism rate.

Figure 3. Clustering of subjects based on inter-retrotransposon ampli-
fied polymorphism‑polymerase chain reaction amplification using human 
endogenous retrovirus type K member 6 primers (UPGMA analysis). Lane 
numbers correspond to the subjects listed in Table I.

Figure 4. Clustering of subjects based on inter-retrotransposon ampli-
fied polymorphism‑polymerase chain reaction amplification using human 
endogenous retrovirus type K member 11 primers (UPGMA analysis). Lane 
numbers correspond to the subjects listed in Table I.
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‑K132. They concluded that HERV‑K activity served an impor-
tant role in genomic divergence within the human population. 
Movements of human retrotransposons may differ between 
normal somatic tissue and somatic tumour genomes (25). The 
present HERV‑K6 and HERV‑K11 insertion polymorphism 
analyses were similar to those reported previously with regard 
to determining insertion polymorphisms, while they differ from 
some studies due to the different techniques used (11,18-21). 
Guliyev et al (11) determined polymorphisms with the IRAP 
technique whereas Mamedov et al (18) tested distribution of 
the LTR-containing allele in Africans and Russian populations. 
Kahyo et al (19) identified insertional polymorphisms with 
genomic PCR analysis in a Japanese group. Belshaw et al (20) 
and Lee et al (21) determined insertional polymorphisms with 
sequencing and bioinformatics.

HERVs are inactivated by mutations, deletions or recombi-
nations (26). Studies have indicated that certain active copies 
may express proteins or virions, and have pathogenic effects 
or physiological roles (2). Furthermore, there may be an asso-
ciation between the expression of HERV‑K elements and the 
development of cancer and autoimmune diseases (24). A study 
performed by Li et al (27) detected HERV‑K envelope protein 
expression in pancreatic cancer cell lines and patient biopsies, 
but not in normal pancreatic cell lines or uninvolved normal 
tissues. Maze et al (28) demonstrated that HERV‑K envelope, 
capsid, Rec and Np9 proteins were overexpressed in human 
primary schwannoma cells and tissues. They also identified that 
anti‑HERV‑K antibodies reduced p53 expression and schwan-
noma proliferation; furthermore, pre‑incubation of schwannoma 
cells with HERV‑K antibodies prior to treatment with cancer 
drugs (AZD6244 with/without Sorafenib and BEZ235) potenti-
ated the drug efficiency. Thus, they suggested that HERV‑K has 
a pathogenic role in schwannoma and may be a promising thera-
peutic target (28). Additionally, a HERV‑K‑related insert may 
serve as an enhancer for the schizophrenia-linked gene proline 
dehydrogenase, a candidate gene for sensitivity to schizophrenia 
and other neurological diseases (29). Another clinical study 
on HERV‑K indicated that HERV‑K expression was markedly 
higher in leukaemia patients when compared with its expression 
in healthy donors of a similar median age (30). To date, HERV 
studies have analysed the association between expression and 
neurological diseases, cancer or autoimmune diseases (24). 
There have been few reports related to HERV retrotransposon 
movements in the human genome (31). To the best of our knowl-
edge, the present analyses were the first to focus on HERV‑K6 
and HERV‑K11 transpositions in different healthy individuals. 
In the present study, polymorphisms were also investigated in 
healthy subjects according to different age groups. Although 
polymorphism was identified among all subjects, the HERV‑K6 
and HERV‑K11 endogenous retrovirus polymorphisms exhib-
ited no age-associations.
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