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Types of DNA methylation status of the interspersed
repetitive sequences for LINE-1, Alu, HERV-E and
HERV-K in the neutrophils from systemic lupus
erythematosus patients and healthy controls

Patadon Sukapan1, Paramate Promnarate2, Yingyos Avihingsanon3, Apiwat Mutirangura4

and Nattiya Hirankarn1

Changes of the DNA methylation at the interspersed repetitive sequences can occur in various conditions including cancer as

well as autoimmune diseases. We previously reported the hypomethylation of LINE-1 and HERV-E in the lymphocytes of

systemic lupus erythematosus (SLE) patients. As neutrophils are another important cell type contributing to SLE pathogenesis,

in this study, we evaluated the methylation levels and patterns for LINE-1, ALU, HERV-E and HERV-K in the neutrophils from

SLE patients compared with the healthy controls. We observed that the methylation levels, especially for LINE-1, in the

neutrophils from SLE patients were significantly lower than the healthy controls (P-valueo0.0001). Interestingly, this

hypomethylation was not correlated with the activity of the disease. Furthermore, the methylation levels and patterns for Alu,

HERV-E and HERV-K in the neutrophils from the SLE patients were not significantly different from the healthy controls. In

addition, we further investigated whether there were any correlations between the intragenic LINE-1 and differential expressions

of the neutrophils from the SLE patients using public arrays data. The upregulated genes in the neutrophils from the SLE

patients were significantly associated with the genes containing LINE-1s compared with the healthy controls (P-value

GSE27427¼7.74�10�3; odds ratio (OR)¼1.28). Interestingly, this association was mainly found among genes with

antisense LINE-1s (P-value GSE27427¼6.22�10�3; OR¼1.38). Bioinformatics data suggest that LINE-1 hypomethylation

may affect expression of the genes that may contribute to the pathogenesis of SLE. However, additional functional studies of

these proposed genes are warranted to prove this hypothesis.
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INTRODUCTION

Several previous studies have demonstrated the importance of
epigenetics in human pathologies such as inflammatory response
and malignancies, especially the dysregulation of the DNA methyla-
tion processes. In systemic lupus erythematosus (SLE) patients, many
have reported the presence of DNA hypomethylation in various cell
types such as leukocytes, peripheral blood mononuclear cells, T cells
and CD4þ T cells.1–4 As for the location of DNA hypomethylation,
the genome-wide methylation array was used to identify the
methylation profile of the CpG islands in the promoters of several
genes in the CD4þ T cells of SLE patients.5,6 In addition, adoptive
transfer of CD4þ T cells with hypomethylated DNA can induce SLE-

like autoimmune disease in nonsusceptible mice.7 These results
indicated that DNA methylation is a major etiology for SLE.
However, methylation occurs not only in the gene promoter but
also at the interspersed repetitive sequences (IRSs) that are rich in
CpG sequences and make up as much as 45% of the human genome.
The IRSs can be divided into two major groups based on its location.
DNA transposons comprise 2.8% of the human genome, whereas
42.2% of the genome are retrotransposons. The retrotransposon can
be further classified according to its structure based on the presence
or absence of the long terminal repeats (LTRs) into two groups: non-
LTR retroelements and LTR retroelements. The majority of high
copies of non-LTR retroelements are long interspersed nuclear
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elements (LINEs) that constitute 16.9% of the human genome. Short
interspersed nuclear elements such as Alu constitute 10.6% of the
human genome. Meanwhile, the majority of high copies of LTR
retroelements in the human genome are the human endogenous
retroviruses (HERVs) that constitute 8.3% of the human genome.8

Hypomethylation of LINE-1, ALU and HERV have been found
in cancer,9 embryogenesis,10 aging,11 congenital malformation,12

exposure to certain environment,13 nutrition deficiency14 and
autoimmune diseases. It was hypothesized that LINE-1 and other
IRS hypomethylation regulate the adjacent cellular genes and
contribute to the pathogenesis of the disease.15 We have previously
reported that LINE-1 hypomethylation is found in CD4þ T
lymphocytes, CD8þ T lymphocytes and B lymphocytes of SLE
patients.16 Other groups have reported the presence of LINE-1
hypomethylation in synovial fibroblasts among rheumatoid arthritis
patients.17 In addition, there are evidences that transcripts from
LINE-1 and specific HERV such as HERV-E and HERV-K (for gag
expression) are upregulated in lupus and rheumatoid arthritis
patients, respectively.18–20 We also recently reported that there was
hypomethylation of HERV-E in CD4 T cells from active lupus
patients.21

Aside from the peripheral blood mononuclear cells and lympho-
cytes, another important cell that may contribute to the pathogenesis
of SLE is the neutrophils. Neutrophils are the most abundant immune
cells and make up B40–60% of the white blood cell population.
Several studies have reported that irregular neutrophil function was
associated with SLE. For example, there were increases in the
percentage of apoptotic neutrophil from patients with SLE, and SLE
neutrophil apoptosis positively correlated with disease activity and
may contribute to autoantigen excess. The increased apoptosis and
NETosis in SLE neutrophil might be important in the promotion of
autoimmunity and the development of organ damage in SLE.22,23

Previous studies have reported the presence of global DNA
methylation changes in the white blood cells from SLE patients.1

However, there are limited data on DNA methylation in neutrophils
from SLE patients. As methylation pattern is specific for a cell type, it

is not surprising that some recent studies have shown that
methylation profile from myeloid cells was different from lymphoid
cells.24,25 It is possible that the methylation changes in the neutrophils
may be one of the main components contributing to the pathogenesis
of SLE.
As a result of this, we assessed the DNA methylation levels and

patterns for LINE-1, Alu and HERV in the neutrophils from healthy
controls and SLE patients by using the combined bisulfite restriction
analysis (COBRA) method.

MATERIALS AND METHODS

Subjects
Twenty female patients diagnosed with SLE based on the American College of

Rheumatology (ACR) criteria were recruited from the King Chulalongkorn

Memorial Hospital. All patients with SLE were classified according to the

severity of the disease by the Systemic Lupus Erythematosus Disease Activity

Index 2000 (SLEDAI-2K). Inactive disease was defined as SLEDAI-2K score of

p6 (10 inactive SLE patients), whereas active disease was defined as having

SLEDAI-2K score of 46 (10 active SLE patients).26 The demographic data of

the patients with SLE are shown in Table 1. Twenty age-matched healthy

female volunteers with no history of any autoimmune disease and cancer

served as the healthy controls. Informed consent was obtained from each

subject before entering the study. The study was approved by the Institutional

Review Board of the Faculty of Medicine, Chulalongkorn University, Bangkok,

Thailand.

Cell isolation
The polymorphonuclear granulocytes (PMNs) or neutrophils were isolated

from heparinized venous blood by gradient centrifugation. In brief, the

collected heparinized blood was diluted in RPMI by a ratio of 1:1. The diluted

blood was carefully layered on top of the polymorphprep (AXIS-SHIELD-

PoC.com, Oslo, Norway). The PMN fraction obtained from the gradient

centrifugation was collected and washed once with RPMI. The red blood cells

were removed from the PMN fraction by using hypotonic lysis buffer. PMNs

were collected, spun and resuspended in RPMI. A hemacytometer was

used to count the PMNs. The purity of PMNs was confirmed by cytospin

method and evaluated by flow cytometry. PMNs were stored at �80 1C until

further analysis.

Table 1 Clinical data of the patients and their medications

Patient Group Age Sex SLEDAI-2K Medications

1 Inactive 18 F 5 Oral Prednisolone 5 mgday�1, Immuran 50 mgday�1

2 Active 20 F 10 Oral Prednisolone 5 mgday�1, Cellcept 2.0 g day�1, Immuran 50mg day�1

3 Inactive 17 F 0 None

4 Active 24 F 16 Oral Prednisolone 10mg day�1, Cellcept 2.0g day�1

5 Inactive 37 F 0 Oral Prednisolone 2.5 mg day�1, Cellcept 0.5g day�1

6 Active 39 F 12 Oral Prednisolone 20mg day�1

7 Inactive 38 F 5 Oral Prednisolone 10mg day�1

8 Inactive 29 F 4 Oral Prednisolone 5 mgday�1, Cellcept 2.0 g day�1

9 Inactive 39 F 4 Oral Prednisolone 2.5 mg day�1

10 Inactive 49 F 6 Oral Prednisolone 2.5 mg day�1, Immuran 25mgday�1

11 Active 29 F 14 Oral Prednisolone 5 mgday�1, Immuran 100 mgday�1

12 Active 21 F 14 Oral Prednisolone 40mg day�1

13 Active 28 F 10 Oral Prednisolone 10mg day�1, Immuran 75mgday�1

14 Inactive 25 F 5 Oral Prednisolone 5 mgday�1

15 Active 40 F 16 Oral Prednisolone 15mg day�1, Endoxan 500 mgday�1, Immuran 50mg day�1

16 Inactive 30 F 4 Oral Prednisolone 2.5 mg day�1, Immuran 50mgday�1

17 Active 46 F 10 Oral Prednisolone 20mg day�1

18 Inactive 31 F 2 None

19 Active 19 F 10 Oral Prednisolone 15mg day�1

20 Active 29 F 16 Oral Prednisolone 2.5 mg day�1

Abbreviations: F, female; SLEDAI-2K, Systemic Lupus Erythematosus Disease Activity Index 2000.
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Cell lines
For the interassay variation, six carcinoma and lymphoma cell lines were used

to normalize the assays: cervical cancer (HeLa and CaSki), hepatocellular

carcinoma (HepG2) and leukemia (K-562, Daudi and Jurkat). DNA templates

from Hela, Daudi and Jurkat were used as controls for the interassay variation

for all LINE-1, Alu and HERV-E experiments. DNA templates from K562,

HepG2 and CaSki were used as controls for interassay variation for all HERV-

K experiments. The methylation levels for each cell line were standardized and

subsequently used for all experiments as the controls. All cell lines were

cultured in Dulbecco’s modified Eagle’s medium or RPMI-1640 (Gibco BRL,

Life Technologies, Pairly, UK), supplemented with 10% heat-inactivated fetal

bovine serum (Sigma, St Louis, MO, USA) and incubated at 37 1C in 5% CO2.

DNA preparation for COBRA
DNA was isolated from collected PMNs using a salting out method.27 Bisulfite

conversion of the DNA was performed using the EZ DNA methylation Kit

(Zymo Research, Orange, CA, USA) according to the manufacturer’s protocol.

Detection of COBRALINE-1 and COBRAAlu by using the COBRA
technique
Methylation for LINE-1 and Alu were detected via the COBRALINE-1 and

COBRAAlu, respectively.28,29 These techniques can detect methylated levels of

thousands of CpG loci by using a set of conserved primers for each IRS. As

these methods were designed to detect two CpG dinucleotide sites, hence the

methylated patterns were also ascertained as shown in Figure 1.

As described previously, bisulfited DNAwas amplified by using primers with

the following sequences: LINE-1 (GenBank: M80343) forward 50-ccgtaaggggtta
gggagtttt-30 and LINE-1 reverse 50-(a/g)taaaaccctcc(a/g)aaccaaatataaa-30; Alu
forward 50-gg(t/c)g(c/t)ggtggttta(c/t)gtttgtaa-30 and Alu reverse 50-caccatattaac
caaactaatcccga-30. The sequences for the primers for Alu were based on the

nucleotides of the AluSx subfamily sequence.11 The PCR product for

COBRALINE-1 was obtained from using the following cycle conditions:

initial denaturation at 95 1C for 15min followed by 35 cycles of

denaturation at 95 1C for another 1min, annealing at 50 1C for 1min,

extension at 72 1C for 1min and ending with the final extension at 72 1C

for 7min. The PCR product for COBRAAlu was performed by using the

following cycle conditions: initial denaturation at 95 1C for 15min followed by

45 cycles of denaturation at 95 1C for another 45 s, annealing at 63 1C for 45 s,

extension at 72 1C for 45 s and ending with the final extension at 72 1C for

7min. After amplification, the PCR products for LINE-1 (160bp in length)

were digested with two units of TaqI (Fermentas International, Burlington,

ON, Canada) and two units of TasI (Fermentas International) restriction

enzymes. The PCR products for Alu (133bp in length) were digested with two

units of TaqI (Fermentas International) restriction enzyme. Each digestion

reaction was incubated overnight at 65 1C. The DNA fragments were later

separated on 8% polyacrylamide gels. After that, the gel was stained with SYBR

green nucleic-acid stain (Invitrogen, Carlsbad, CA, USA). The intensity of the

DNA fragments was measured with Phosphoimager using ImageQuant

software (Molecular Dynamics, GE Healthcare, Slough, UK). For the

normalization of the interassay variation between each experiment, we used

the DNA templates from HeLa, Jurkat and Daudicell cell lines as the controls

for COBRALINE-1 and COBRAAlu.9 The methylation levels for each cell line

were standardized and subsequently used for all experiments as the controls.

Analysis for LINE-1 and Alu methylation patterns
COBRALINE-1 and COBRAAlu results were categorized into four groups

based on the status of the methylation at the two CpG dinucleotides from the

50 to 30 of LINE-1 and Alu sequences: (1) hypermethylation at both CpGs

(mCmC), (2) hypomethylation at CpGs (uCuC), (3) partial methylation of the

mCuC and (4) partial methylation of the uCmC (Figure 1). The LINE-1 and

Alu methylation levels were calculated for each group based on the intensity of

COBRA-digested LINE-1 and Alu products. Phosphorimager and the Image-

Quant Software (Molecular Dynamics, GE Healthcare) were used to quantify

the intensities of the COBRALINE-1 and Alu bands. The number of CpG

dinucleotides of each band was normalized by dividing the band intensity by

the number of double-stranded bp of the DNA sequence as follows: %160/

160¼A; %98/94¼B; %80/79¼C; and %62/62¼D. Then, LINE-1 methyla-

tion levels were calculated with the following formula: LINE-1 methylation

level percentage (%mC)¼ 100� (CþA)/(CþAþAþBþD); percentage of

mCuC loci (%mCuC)¼ 100� (A)/(((C�DþB)/2)þAþD); percentage of

uCmC loci (%uCmC)¼ 100� (D�B)/((CDþB)/2)þAþD; percentage

of uCuC loci (%uCuC)¼ 100�B/(((C�DþB)/2)þAþD); and percentage

of mCmC loci (%mCmC)¼ 100� ((C�DþB)/2)/(((C�DþB)/2)þDþ
A).28,30 The number of CpG dinucleotides of COBRAAlu was normalized

similarly to LINE-1 as follows: %133/133¼A; %58/58¼B; %75/75¼C; %90/

90¼D; %43/43¼E; and %32/32¼ F. Alu methylation levels were calculated

with the following formula: Alu methylation level percentage

(%mC)¼ 100� (EþB)/(2AþEþBþCþD); percentage of mCmC loci

Figure 1 Combined bisulfite restriction analysis (COBRA) technique for LINE-1 and Alu. (a) LINE-1 and (b) Alu amplicon sizes are 160, 133 and 126 bp,

respectively. The products of Line-1 and Alu were digested by restriction enzymes (TaqI and TasI). The LINE-1 amplicons were 160, 98, 80 and 62 bp. Alu

amplicons were 133, 90, 75, 58 and 43 bp. The methylation levels were calculated as a percentage of the intensity of the digested methylation fragment

divided by the sum of the undigested and digested products. Marker is low-range DNA ladder.
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(%mCmC)¼ 100� F/(AþCþDþ F); percentage of uCmC loci (%uCmC)

¼ 100�C/(AþCþDþ F); percentage of mCuC loci (%mCuC)¼ 100�D/

(AþCþDþ F); and percentage of uCuC loci (%uCuC)¼ 100�A/

(AþCþDþ F).28,30

Detection of COBRAHERV-E and COBRA-HERV-K by using the
COBRA technique
The techniques used to detect the methylation for HERV-E and HERV-K were

done by using COBRAHERV-E and COBRAHERV-K, respectively, that have

previously been validated to be accurate and reliable techniques.21 These

techniques are similar to COBRALINE-1 and COBRAAlu but are mainly used

to detect the overall methylation level instead of the pattern for partial or

complete hypomethylation. Briefly, bisulfited DNAs were amplified by

using primers with the following sequences: HERV-E (Genbank: M10976)

forward 50-TTTTGTTAGTTGATGT(A/G)(G/T)GTA-30 and HERV-E reverse

50-CCCCAAAAAAAAAATTC(C/T)TAACC-30; and HERV-K (GenBank:

M14123) forward 50-ATATTAAGGGAATTTAGAGGTTGG-30, and HERV-K

reverse 50-CCCCTACACACCTATAAATATTTC-30. The PCR product for

COBRAHERV-E was obtained by using the following cycle conditions: initial

denaturation at 95 1C for 5min followed by 35 cycles of denaturation at 95 1C

for another 1min, annealing at 58 1C for 1min, extension at 72 1C for 1min

and ending with the final extension at 72 1C for 7min. The PCR product for

COBRAHERV-K was performed by using the cycle conditions that are similar

to COBRAHERV-E except for the annealing step that is done at 60 1C for

1min with the HERV-K primers. After amplification, the PCR products for

HERV-E (126 bp in length) and HERV-K (156 bp in length) were digested with

two units of TaiI (Fermentas International) restriction enzyme. Each digestion

reaction was incubated overnight at 65 1C and later separated on 8%

nondenaturing polyacrylamide gels. After that, the gel was stained by using

the SYBR green nucleic-acid stain (Invitrogen). The intensity of the DNA

fragments was measured with Phosphoimager using the ImageQuant software

(Molecular Dynamics, GE Healthcare). For the normalization of the interassay

variation between each experiment, we used the DNA templates from HeLa,

Daudi and Jurkat cell lines as the controls for COBRAHERV-E and K562,

whereas for COBRAHERV-K we used HepG2 and CaSki cell lines. The

methylation levels for each cell line were standardized and subsequently used

for all experiments as the controls.

The methylation levels for both were calculated by using the following

equation:21

%Methylation ¼ Intensity of the digestedmethylated fragment�100

Intensity of undigestedþ digested� amplicons

Analysis for CU-DREAM X
Connection Up- or Down-Regulation Expression Analysis of Microarrays X

(CU-DREAM X) program was used to measure the correlation between genes

containing LINE-1 and differential expression of the SLE expression array to

identify LINE-1-regulated genes that are expressed differently in the neutro-

phils from SLE patients. The program used is located at http://pioneer.netserv.

chula.ac.th/Bachatcha/cu-dream/.31,32 The gene containing LINE-1 data was

entered into the L1base database (http://l1base.molgen.mpg.de).33 The

extracted microarray data were available from the Gene Expression Omnibus

(GEO) data set (http://www.ncbi.nlm.nih.gov/geo), a public repository that

archives and freely distributes microarray data submitted by the scientific

community.34,35 The correlation between the expressions for the SLE

neutrophils’ microarray libraries from the GEO data set GSE27427 (Garcia-

Romo et al.36) and genes containing LINE-1 data were analyzed. The number

of genes in each subset was compared with the genes containing or not

containing LINE-1 by using the w2 test. A P-value of o0.01 indicated that

there was a significant correlation that was specific between the gene-

containing LINE-1 and the differential expression array. The odds ratios

(ORs) of 41 indicated that the intragenic LINE-1-regulated genes in one

study were also regulated in another study. When the ORs were o1, this

indicated that the event of interest (up or down) inhibited the mechanism(s)

that altered the gene expression in another experiment.32

Functional Classification Analysis by Bioinformatics Tool
We performed gene functional classification analysis by using the DAVID

Bioinformatics tool (http://david.abcc.ncifcrf.gov/home.jsp).37,38 A list of genes

was generated with the EASE (Expression Analysis Systematic Explorer) scores

by using the DAVID functional annotation chart. The scores were a modified

Fisher’s exact P-value for each enriched annotated term and calculated for the

geometric mean for the EASE scores for those terms involved in this gene

group. Minus log transformation was applied to the geometric mean to

emphasize the geometric mean as a relative score instead of an absolute

P-value. For example, an enrichment score of 0.05 is equivalent to 1.3 in the

minus log scale. The rankings of the biological significance of the gene groups

are based on their overall EASE scores (enrichment score) for all enriched

annotated terms. Therefore, a higher enrichment score for a group indicated

that the genes were more involved in the pathogenesis for SLE.38 Furthermore,

the pathway analysis was performed by using the DAVID Bioinformatics tool

(http://david.abcc.ncifcrf.gov/home.jsp).

Statistical analyses
We applied an independent or dependent sample t-test (significance two-

tailed) to compare the methylated levels between the groups. A P-value of

o0.05 was considered to be statistically significant. Pearson’s correlation

coefficient was used to examine the relationship between two continuous

variables. All analyses were performed by using the SPSS software for windows

version 15.0 (SPSS, Chicago, IL, USA).

EST database search
Nucleotides from 1 to 500 of the human transposon L1.2 (GenBank accession

no. M80343) were used to search for LINE-1 chimeric transcripts in the

human expressed sequence tag (EST) database (GenBank) by using the BLAST

(Basic Local Alignment Search Tool) program. To identify the gene exon, the

matched ESTs were subsequently analyzed by the BLAST program against the

human reference RNA database (GenBank). ESTs with both LINE-1 and gene

exon were classified as chimeric ESTs.

RESULTS

Differences in the DNA methylation levels for LINE-1, Alu and
HERV in the neutrophils from the SLE patients versus the healthy
controls
From the COBRAAlu, COBRAHERV-E and COBRAHERV-K ana-
lyses, there were no significant differences in the methylation levels
and patterns in the neutrophils from the patients with SLE (n¼ 20)
and healthy controls (n¼ 20; Figures 2b–d). However, significant
differences were detected in LINE-1 methylation levels and patterns in
the neutrophils from the patients with SLE (n¼ 20) when compared
with the healthy controls (n¼ 20) as shown in Figure 2a. When each
pattern was analyzed, the number of hypermethylated loci at both
positions (mCmC) of LINE-1 from the neutrophils of SLE patients
(n¼ 20) was significantly lower than the healthy controls (n¼ 20;
Po0.0001). Percent hypermethylation in SLE neutrophils compared
with methylation in normal neutrophils is 27.5% and 32%, respec-
tively. Moreover, the number of hypomethylated loci at both positions
(uCuC) for LINE-1 from the neutrophils from the SLE patients
(n¼ 20) was significantly higher than the healthy controls (n¼ 20;
P¼ 0.0028). Percent hypomethylation in SLE neutrophils compared
with methylation in normal neutrophils is 31.6% and 29.2%,
respectively. The percentage for the partial position of mCuC pattern
for LINE-1 was significantly higher in the neutrophils from the
patients with SLE (n¼ 20) than the healthy controls (n¼ 20;
Po0.0001). Percent mCuC methylation in SLE neutrophils compared
with methylation in normal neutrophils is 22% and 19.3, respectively.
However, there were no significant differences in the percentages for
uCmC pattern for LINE-1 between the patients with SLE (n¼ 20)
and the healthy controls (n¼ 20; P¼ 0.6368).
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LINE-1 methylation is not associated with the activity of the
disease for SLE
We analyzed the association between each LINE-1 methylation
pattern and level with the SLEDAI score. There were no significant
correlations between each pattern of LINE-1 methylation level and the
SLEDAI score (Figure 3). The DNA methylation levels for LINE-1 in
the neutrophils from the patients with inactive and active SLE were
compared with the healthy controls. The SLE patients were classified
according to the severity of the disease and divided into two groups
based on their SLEDAI-2K scores: active and inactive groups. We
analyzed the association of LINE-1 methylation pattern and disease
activity in 10 inactive SLE patients, 10 active SLE patients and 20
healthy controls. The overall pattern for LINE-1 methylation level was
significantly not different between the inactive and active SLE groups
(Figure 4).

The correlation between intragenic LINE-1 and differential
expressions in the neutrophils from SLE patients based on the
expression array
Several studies have shown that the intragenic LINE-1 (gene contain-
ing LINE-1) hypomethylation in cancer cells can regulate the host
gene expressions in cis.15 Therefore, we would like to indirectly test
this hypothesis for SLE by analyzing whether intragenic LINE-1
hypomethylation is correlated with the gene expression in the
neutrophils from the SLE patients. Genes processing LINE-1 were
determined by L1base and listed by Aporntewan et al.31 The CU-
DREAMX program was used to evaluate the association of the genes
containing intragenic LINE-1 and the level of the gene expression as
described previously.31 Genes containing LINE-1 were classified into

four groups based on the presence of intragenic LINE-1 into:
(1) genes containing L1s 1454 genes, (2) genes with sense L1s 336
genes, (3) genes with antisense L1s 832 genes and (4) genes with both
sense and antisense L1s 286 genes. The w2 test was used to evaluate
the association of the genes containing intragenic LINE-1 with the
gene expression of the neutrophils from the SLE patients by using an
intersection between the expression microarray data available
from GEO, GSE27427 and gene-containing LINE-1 (4 groups)
(Table 2a–d). The upregulated genes were significantly associated
with the genes containing LINE-1 in the neutrophils from the SLE
patients compared with the healthy controls (P-value GSE27427¼
7.74� 10�3; OR¼ 1.28). Interestingly, the genes with antisense
LINE-1s were significantly more prevalent in the upregulated genes
in the neutrophils from the SLE patients than the healthy controls
(P-value GSE27427¼ 6.22� 10�3; OR¼ 1.38; Table 3).

Bioinformatics analysis of the up- or down-regulated genes
containing LINE-1s that are involved in the biological processes for
cell apoptosis and induction of programmed cell death
To identify functional networks, the genes with intragenic LINE-1 that
were associated with the gene expression of the neutrophils from the
SLE patients were analyzed by performing the gene category P-value
analysis using the online available DAVID bioinformatics resources.
Any group with the functional annotation chart of P-valuep0.05 was
analyzed. In summary, the upregulated genes containing LINE-1s are
shown to be involved in the biological processes for cell apoptosis and
induction of programmed cell death. The downregulated genes
containing LINE-1s were found to be responsible for innate immune

Figure 2 Each pattern of (a) LINE-1, (b) Alu, (c) HERV-E and (d) HERV-K methylation levels in systemic lupus erythematosus (SLE) neutrophils compared

with normal neutrophils is shown as mean±s.e.m. P-value calculated by unpaired t-test two-tailed analysis.
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response, lymphocyte-mediated immunity and leukocyte-mediated
immunity (Table 4).

EST search for LINE-1 chimeric transcript
To explore more solid evidence that the genes containing LINE-1 may
have a unique LINE-1 chimeric expression, we investigated the
LINE-1 chimeric transcripts in the human EST database (GenBank)
by using the BLAST program. ESTs with both LINE-1 and gene exon
were classified as chimeric ESTs. In Supplementary Tables 1 and 2, 104
genes and their biological functions were identified as the putative

LINE-1 chimeric ESTs from various cancer cells. Out of 104 genes,
9 genes were differentially expressed in the neutrophils from the SLE
patients, namely: C12orf4, RABGAP1L, SCAMP1, SSBP2, DCTN4,
EPHB1, SLCO1A2, ARHGAP25 and COL24A1. LINE-1 orientation,
the gene expression of the SLE neutrophils and their functions are
summarized in Table 5.

DISCUSSION

Our experiments showed that methylation levels and patterns for
LINE-1 were significantly lower (mC and mCmC) in the neutrophils
from the SLE patients compared with the healthy controls. These
hypomethylated results in the neutrophils are consistent with the
reports from previous studies conducted in CD4þ T lymphocytes,
CD8þ T lymphocytes and B lymphocytes from SLE patients.16 Aside
from that, another study conducted in rheumatoid arthritis patients
also detected hypomethylated LINE-1 in the synovial fibroblasts.17

These methylated levels of LINE-1 may be the key feature of pertinent
cells that contribute to the pathogenesis for several autoimmune
diseases. The mechanisms contributing to LINE-1 hypomethylation
are not known. It is possible that LINE-1 hypomethylation may occur
before the active disease or occur as the result of the disease. As
neutrophils are not commonly or frequently studied, the effects and
impact of the DNA changes remain elusive. Interestingly, we did not
observe any significant correlation between the methylation level for
LINE-1 and the activity for the disease. Similarly, another recent study
conducted in naive CD4þ T cells from lupus patients also did not see
any correlation between hypomethylated interferon-regulated genes
and the activity for the disease.6 They proposed that the

Figure 3 Correlation between each pattern of LINE-1 methylation levels with Systemic Lupus Erythematosus Disease Activity Index (SLEDAI) score in

neutrophils of systemic lupus erythematosus (SLE) patients is shown. (a) mC, (b) mCmC, (c) mCuC, (d) uCmC and (e) uCuC. Each dot represents an
individual patient. P-value calculated by Pearson’s correlation coefficient test.

Figure 4 Each pattern of LINE-1 methylation levels in different SLE disease

activity is shown as mean±s.e.m. P-value calculated by unpaired t-test

two-tailed analysis.
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hypomethylated genes in these naive CD4þ T cells epigenetically are
primed to produce a more rapid type of interferon response.
It is possible that this hypomethylation of LINE-1 may affect the

cellular gene expression and contribute to the pathogenesis for SLE,
but this remains to be further explored. In this study, we indirectly
explored whether these LINE-1 hypomethylations may have any
functional significance by investigating the correlation between the

intragenic LINE-1 and the differential expressions in the neutrophils
from the SLE patients using the data from the expression array
(GSE27427). We hypothesized that the intragenic LINE-1 can control
the host genes in SLE. The gene expressions in the neutrophils from
the SLE patients were compared with the pattern of intragenic LINE-
1. When we used the CU-DREAM X technique, we observed a higher
prevalence of upregulated genes containing LINE-1s in the

Table 2 The 2�2 table of w2 test was used to evaluate the intragenic LINE-1 to see whether it can control the expression of the genes in the

neutrophils from the SLE patients

(a)

GSE27427 SLE neutrophil

Down (Po0.01) Not down Up (Po0.01) Not up

LINE-1 67 1179 137 1109

No LINE-1 2284 21467 2088 21 663

P¼0.000000582 P¼0.007743

Odds ratio¼0.53 Odds ratio¼1.28

Lower 95% CI¼0.42 Lower 95% CI¼1.07

Upper 95% CI¼0.69 Upper 95% CI¼1.54

(b)

GSE27427 SLE neutrophil

Down (Po0.01) Not down Up (Po0.01) Not up

LINE-1 22 261 27 256

No LINE-1 2329 22 385 2198 22 516

P¼0.344406 P¼0.703951

Odds ratio¼0.81 Odds ratio¼1.08

Lower 95% CI¼0.52 Lower 95% CI¼0.72

Upper 95% CI¼1.25 Upper 95% CI¼1.61

(c)

GSE27427 SLE neutrophil

Down (Po0.01) Not down Up (Po0.01) Not up

LINE-1 37 686 85 638

No LINE-1 2314 21 960 2140 22 134

P¼0.0000612 P¼0.006215

Odds ratio¼0.51 Odds ratio¼1.38

Lower 95% CI¼0.37 Lower 95% CI¼1.09

Upper 95% CI¼0.71 Upper 95% CI¼1.74

(d)

GSE27427 SLE neutrophil

Down (Po0.01) Not down Up (Po0.01) Not up

LINE-1 8 232 25 215

No LINE-1 2343 22 414 2200 22 557

P¼0.001203 P¼0.407372

Odds ratio¼0.33 Odds ratio¼1.19

Lower 95% CI¼0.16 Lower 95% CI¼0.79

Upper 95% CI¼0.67 Upper 95% CI¼1.81

Abbreviations: CI, confidence interval; SLE, systemic lupus erythematosus.
Gene-containing LINE-1 was classified into four groups based on its regulatory functions and the presence of intragenic LINE-1 ((a) genes containing L1s 1454 genes, (b) genes with sense L1s
336 genes, (c) genes with antisense L1s 832 genes and (d) genes with both sense and antisense L1s 286 genes). Genes for upregulation were denoted by ‘Up’, whereas the downregulated genes
were denoted as ‘Down’; the threshold for the P-value used in the paired t-test was set at 0.01. The genes with or without intragenic LINE-1 were denoted by LINE-1 and No LINE-1, respectively.
The P-values for 2�2 tables were obtained from the w2 distribution.
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neutrophils from the SLE patients compared with the healthy
controls.31,32 We further investigated the upregulated genes and its
association with each of LINE-1 genes and interestingly found that
only antisense LINE-1s were detected in these upregulated genes
containing LINE-1s. Recently, Aporntewan et al.31 reported that
intragenic LINE-1 (gene containing LINE-1) hypomethylation in
cancer cells resulted in the regulation of the host gene expressions
for cis. They found that intragenic LINE-1 RNAs repressed the host
gene expression via the nuclear RNA-induced silencing complex.31

However, in this study, we found that intragenic antisense LINE-1 in
the neutrophils from the SLE patients was significantly associated
with the gene upregulation. Therefore, it is likely that the effect of
hypomethylation for the intragenic antisense LINE-1 in the
neutrophils from the SLE patients may behave differently compared
with the cancer cells. As a result of this finding, we believe that other
factors may also be responsible for the pathogenesis of SLE.
Because of this, we hypothesized that some hypomethylated genes

of LINE-1 may have a stronger influence in the expression of those
genes in close proximity to LINE-1, especially those genes that are
related to the pathogenesis for SLE. Thus, we explored the phenotypic
data of the upregulated genes containing LINE-1s by using an online
program known as the DAVID Bioinformatics Resources that is freely
available in the public domain for analyzing bioinformatics data. We
noticed that there were high prevalences of upregulated genes
containing LINE-1s that were involved in the biological processes
for cells such as the induction of apoptosis and programmed cell
death. The functions of these upregulated genes, especially for the cell
death processes, may explain the pathogenesis for SLE. The down-
regulated genes containing LINE-1s were involved with the innate
immune response, lymphocyte-mediated immunity and leukocyte-
mediated immunity. From 67 downregulated genes, the significant
genes were responsible for the innate immune response, lymphocyte-
mediated immunity and leukocyte-mediated immunity. The dysregu-
lation of the cascade activities or functions of the inhibitors in these
systems can result in clinical manifestations for certain types of
diseases such as systemic lupus erythematosus or ischemia–reperfusion
injury with critical thrombotic and inflammatory complications.39

As the upregulated genes in the neutrophils are strongly associated
with the genes containing antisense LINE-1, we hypothesized that the
hypomethylation of LINE-1s can trigger transcription of unique
chimeric transcripts of their neighboring genes, driven by LINE-1
antisense promoter.40,41 One example of a unique IRS transcript in
SLE is the expression of HERV-E.CD5 in cell sorted B1
lymphocytes.42 However, there were no previous reports of such an

example for such LINE-1 transcripts in SLE. To search for any
evidence that the genes containing LINE-1 may have a unique LINE-1
chimeric expression, we investigated the LINE-1 chimeric transcripts
in the human EST database (GenBank) by using the BLAST program.
ESTs with both LINE-1 and gene exon were classified as LINE-1
chimeric ESTs. This suggested that LINE-1 could regulate its
neighboring gene by providing it an alternative promoter. Out of a
total of 104 putative LINE-1 chimeric ESTs, 9 genes were differentially
expressed in the neutrophils from the SLE patients. Most of them have
LINE-1 in the antisense direction and were upregulated as expected.
One of them, the RAB GTPase activating protein 1-like protein

(RABGAP1L), a putative phosphotyrosine binding domain expressed
in megakaryocytes,43 was shown to be related with SLE. A study
conducted in Korean women showed that the deletion of RABGAP1L
was associated with the risk for developing SLE.44 Aside from that,
some genes may be related with cell migration as seen in SLE patients
where there is an accumulation of the neutrophils in the targeted
organ. For example, the secretory carrier membrane protein 1
(SCAMP1) is a membrane protein that has a role in exocytosis45

and endocytosis46 using the post-Golgi recycling pathways.47

Interestingly, when SCAMP1 is silenced via siRNA, only then can
the pancreatic cancer cells migrate freely in the lymph nodes.48 The
other gene involved in chemotaxis and cell adhesion is the EPHB1, a
tyrosine kinase receptor, that can activate MAPK and Jnk signaling
cascades.49,50 Another gene that may contribute to the pathogensis of
SLE is the Rho GTPase activating protein 25 (ARHGAP25). This
protein is a GTPase activator for the Rho-type GTPases and is a
negative regulator for phagocytosis in neutrophilic granulocytes.51

However, it should be noted that these LINE-1 chimeric transcripts
have not been proven to exist in SLE neutrophils. We have merely
searched the public database for any possible genes that may be
affected by LINE-1 hypomethylation in the neutrophils from the SLE
patients. Additional study is needed to investigate the functions of
these genes to determine their contribution to the activity of the
disease SLE.
On the other hand, the methylated levels and patterns for Alu,

HERV-E and HERV-K in the neutrophils from the SLE patients were
significantly not different when compared with the healthy controls.
In contrast to CD4þ T cells from active SLE patients, we have
previously reported that there were significant differences of the
methylated levels for HERV-E when compared with the inactive SLE
patients.21 Therefore, it seems that the methylated levels for HERV are
specific for a certain group of cells that may or may not contribute to
the activity for the disease.

Table 3 The expression status of the genes containing LINE-1s in the neutrophils from the SLE patients were compared with the healthy

controls

Genes containing Genes with sense Genes with antisense Genes with both sense and

L1s (1454 genes) L1s (336 genes) L1s (832 genes) antisense L1s (286 genes)

P-value OR P-value OR P-value OR P-value OR

GSE27427 SLE neutrophil vs normal neutrophils

upregulation (Po0.01)

7.74E�03* 1.28 0.7 1.08 6.22E�03* 1.38 0.41 1.19

GSE27427 SLE neutrophil vs normal neurophils

downregulation (Po0.01)

5.82E�07 0.53 0.34 0.81 6.13E�05 0.51 0.0012 0.33

Abbreviations: OR, odds ratio; SLE, systemic lupus erythematosus.
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Table 4 Functional annotation chart identified up- or down-regulated genes from the genes containing L1s group by the DAVID Functional

Classification Tool

(a)

Category Phenotype function P-value LINE-1 downregulated gene in SLE neutrophils

GOTERM_BP_FAT Innate immune response 0.014 CD46, CR1, IL1RL2, LYST

GOTERM_BP_FAT Lymphocyte-mediated immunity 0.028 CD46, CR1, LYST

GOTERM_BP_FAT Leukocyte-mediated immunity 0.04 CD46, CR1, LYST

(b)

Category Phenotype function P-value LINE-1 upregulated gene in SLE neutrophils

GOTERM_BP_FAT Induction of apoptosis 0.026 AKAP13, CD38, GCH1, JAK2, C6, PTEN, VAV3

GOTERM_BP_FAT Induction of programmed cell death 0.027 AKAP13, CD38, GCH1, JAK2, C6, PTEN, VAV3

GOTERM_BP_FAT Positive regulation for apoptosis 0.033 AKAP13, CD38, GCH1, JAK2, C6, PTEN, STK3, VAV3

GOTERM_BP_FAT Positive regulation for programmed cell death 0.034 AKAP13, CD38, GCH1, JAK2, C6, PTEN, STK3, VAV3

GOTERM_BP_FAT Positive regulation for cell death 0.035 AKAP13, CD38, GCH1, JAK2, C6, PTEN, STK3, VAV3

GOTERM_BP_FAT Cellular calcium ion homeostasis 0.041 ATP7B, CD38, JAK2, CYSLTR1, PLCE1

GOTERM_BP_FAT Elevation of cytosolic calcium ion concentration 0.043 CD38, JAK2, CYSLTR1, PLCE1

GOTERM_BP_FAT Calcium ion homeostasis 0.045 ATP7B, CD38, JAK2, CYSLTR1, PLCE1

GOTERM_BP_FAT Cytosolic calcium ion homeostasis 0.052 CD38, JAK2, CYSLTR1, PLCE1

(c)

Category Phenotype function P-value LINE-1 downregulated gene in SLE neutrophils

GOTERM_BP_FAT Cytoskeleton-dependent intracellular transport 0.067 DST, MYO5A

GOTERM_BP_FAT Macromolecule catabolic process 0.082 FAF1, GAN, PYGB, PSMA1

(d, e)

Category Phenotype function P-value LINE-1 downregulated gene in SLE neutrophils

GOTERM_BP_FAT Innate immune response 0.027 CD46, IL1RL2, LYST

GOTERM_BP_FAT Sexual reproduction 0.051 CD46, FANCC, MICALCL, DNAH9

(f)

Category Phenotype function P-value LINE-1 upregulated gene in SLE neutrophils

GOTERM_BP_FAT Defense response 0.016 ABCC9, CLEC5A, DDX58, GCH1, C6, ITGB1, IL15, PLD1

GOTERM_BP_FAT Regulation for the defense response to the virus by the host 0.038 DDX58, IL15

GOTERM_BP_FAT Regulation for hydrolase activity 0.056 RABGAP1L, RICTOR, CHRM2, C6, PLCE1

GOTERM_BP_FAT Response to zinc ion 0.07 ATP7B, PTEN

GOTERM_BP_FAT Regulation for protein kinase B signaling cascade 0.07 RICTOR, PTEN

GOTERM_BP_FAT Transmembrane receptor protein tyrosine kinase signaling pathway 0.071 EPHB1, EPS15, PTEN, PLCE1

GOTERM_BP_FAT Immune response 0.074 OAS3, ABCC9, CLEC5A, DDX58, GCH1, C6, IL15

GOTERM_BP_FAT Hemostasis 0.078 AP3B1, HMCN1, TFPI

(g, h)

Category Phenotype function P-value LINE-1 upregulated gene in SLE neutrophils

GOTERM_BP_FAT Cell adhesion 0.0079 DSCAM, COL4A6, COL24A1, CNTNAP5, FNDC3A

GOTERM_BP_FAT Biological adhesion 0.0079 DSCAM, COL4A6, COL24A1, CNTNAP5, FNDC3A

GOTERM_BP_FAT Regulation for apoptosis 0.066 AKAP13, STK3, TEX11, VAV3

GOTERM_BP_FAT Regulation for programmed cell death 0.067 AKAP13, STK3, TEX11, VAV3

GOTERM_BP_FAT Regulation for cell death 0.068 AKAP13, STK3, TEX11, VAV3

GOTERM_BP_FAT Positive regulation for apoptosis 0.09 AKAP13, STK3, VAV3

GOTERM_BP_FAT Positive regulation for programmed cell death 0.091 AKAP13, STK3, VAV3

GOTERM_BP_FAT Positive regulation for cell death 0.092 AKAP13, STK3, VAV3

Abbreviations; DAVID, Database for Annotation, Visualization and Integrated Discovery; SLE, systemic lupus erythematosus.
(a) SLE downregulated genes with the genes containing L1s. (b) SLE upregulated genes with the genes containing L1s. (c) SLE downregulated genes with the genes containing sense L1s.
(d) There were no upregulated genes with the genes containing sense L1s. (e) SLE downregulated genes with the genes containing antisense L1s. (f) SLE upregulated genes with the genes
containing antisense L1s. (g) There were no downregulated genes with the genes containing both sense and antisense L1s. (h) SLE upregulated genes with the genes containing both sense and
antisense L1s.
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In conclusion, the neutrophils from the SLE patients had DNA
hypomethylation at specific IRSs for LINE-1 but not Alu, HERV-E
and HERV-K. According to bioinformatics analysis from the gene
expressions in SLE neutrophils compared with the pattern of
intragenic LINE-1, hypomethylated LINE-1 may have an effect in
cis to upregulate some cell death process genes. Additional study is
needed to ascertain the functional role of these IRSs in neutrophils
during hypomethylation because it may lead to the discovery of a
novel pathway for the pathogenesis of SLE.
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