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Patterns and functional roles of LINE-1 and
Alu methylation in the keratinocyte from patients
with psoriasis vulgaris
Surasak Yooyongsatit1, Kriangsak Ruchusatsawat2, Nopadon Noppakun3, Nattiya Hirankarn4,
Apiwat Mutirangura5 and Jongkonnee Wongpiyabovorn4
Alterations in LINE-1 methylation are related to many diseases. The levels and patterns of LINE-1 hypomethylation were
associated with a higher risk in developing several cancers, having a poorer prognosis and more aggressiveness. To evaluate the
LINE-methylated status in psoriasis, LINE-1 methylation in various cells from patients with psoriasis, squamous cell carcinoma
and normal controls were assessed by combined bisulﬁte restriction analysis of LINE-1. The results of the epigenetic changes for
intragenic LINE-1 gene expression were also tested on two known expression microarrays. In patients with psoriasis,
hypomethylation of LINE-1 and increase in %uCuC were prominent in the keratinocytes when compared with normal controls
(P = 0.014 and P = 0.020, respectively). Alternatively, %uCmC was signiﬁcantly lower in patients with severe psoriasis compared
with mild psoriasis (P = 0.022). The receiver-operating characteristic curve analysis indicated the high speciﬁcity and sensitivity
of uCuC and uCmC in detecting psoriasis and severity of psoriasis. From expression array analysis, genes with LINE-1 were
downregulated more than those genes without LINE-1 (P = 3.84 × 10 − 27 and P = 2.14 × 10 − 21, respectively). Modiﬁcation in
LINE-1 methylation may alter the gene expression resulting in a phenotypic change of the psoriatic skin. %uCuC and %uCmC
may be used as biomarkers for psoriasis.
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INTRODUCTION
Non-long terminal repeats retrotransposons are transposable elements
capable of insertion mutations that alter a gene’s expression, potentially rendering the gene unstable.1–3 Non-long terminal repeat retrotransposons constitute about 34% of the human genome.1 Non-long
terminal repeat retrotransposons with the highest densities are long
interspersed element-1 (LINE-1 or L1) (17%) and Alu (11%). The
full-length LINE-1 and Alu are approximately 6 kilobases (kb) and 300
base pairs (bp) in length, respectively. LINE-1 contains an internal
RNA polymerase II promoter and two open reading frames (ORF1
and ORF2) in 5′ untranslated region and a polyadenylation signal
ending with oligo dA-rich tail of invariable length in 3′ untranslated
region. Alu contains internal RNA polymerase III promoter and the
element ends with oligo dA-rich tail of variable length. Owing to the
retrotransposition events that have occurred during evolution, more
than 500 000 copies of LINE-1 and 1 000 000 copies of Alu are widely
inserted into the genome and as a result of this, undoubtedly produce
numerous functional outcomes.2,4,5 Many LINE-1s control gene
regulation by their 5′ untranslated region promoter either by the

production of unique RNA sequences or via the intragenic LINE-1
RNAs that can repress host gene expression.6 Several studies have
shown that DNA methylation is an important mechanism in silencing
LINE-1 to control gene expression and to maintain genomic stability.7
Different methylation levels and patterns of LINE-1 at each loci were
observed in various normal tissue types.8 Several studies have
suggested that hypomethylation of LINE-1 and Alu are the causes
for global hypomethylation and genomic instability in many malignancies and autoimmune diseases.5,9–18 On the other hand, some
reports showed that LINE-1 methylation levels were positively
correlated with diseases in many loci at genome-wide levels as seen
in cancer; hypermethylation of gene promoters are frequently discovered in patients with cancer.8,19,20 In addition, the degree of
LINE-1 hypomethylation was directly associated with a higher risk for
developing a more aggressive cancer with poorer prognosis.9,12,13,21
Recently, a pattern of LINE-1 methylation was reported to be used as a
biomarker for various types of cancers. uCuC pattern was found to be
more efﬁcient in distinguishing the cancers of the colon, liver,
lung and nasopharynx from the normal controls.22 LINE-1
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Table 1 Demographic data of the patients in the study
Sample group
Normal controls (n = 35)
Patients with squamous cell carcinoma (n = 8)
Patients with psoriasis (n = 29)

Sex (male/female)

Age (mean ± s.d.) year

8/27

48.73 ± 13.75

3/5
16/13

53.83 ± 20.77
38.93 ± 12.85

hypomethylation was also found in lymphocytes and synovial ﬁbroblasts of autoimmune patients with systemic lupus erythematosus and
rheumatoid arthritis, respectively.15,16
Despite this, there are no data on LINE-1 and Alu in psoriasis, which
is the most common chronic skin disease found worldwide. The disease
is characterized by an abnormal proliferation and differentiation of
keratinocytes and inﬂammation of the epidermis and dermis layers of
the skin. Genetic and environmental factors are important in the
phenotypic expression of the disease. Recently, epigenetic changes have
been implicated in the pathogenesis of psoriasis. Several studies have
reported that methylation changes in the promoter region of many
genes such as SHP-1, ID4 and p16INK4a in the psoriatic skin and
peripheral blood mononuclear cells (PBMCs), consequently affect the
expression of mRNA of the genes.23–26 It has been shown that in
patients with psoriasis, 5-methylcytosine levels in the epidermis and
PBMCs were signiﬁcantly increased, whereas global histone H4
hypoacetylation was found only in PBMCs.27,28 In addition, it has
been reported that changes in the genome-wide CpG methylation in the
skin of patients with psoriasis was correlated with anti-tumor necrotic
factor- alpha therapy.29 Furthermore, genome-wide DNA methylation
was associated with epigenetic dysregulation among monozygotic twins
discordant for psoriasis.30 As there is no information on the methylation status of LINE-1 and Alu in psoriasis, this study examined and
compared the DNA methylation levels and patterns of LINE-1 and Alu
in keratinocytes and various other hematopoietic cells from patients
with psoriasis, squamous cell carcinoma (SCC) and healthy controls by
using combined bisulﬁte-restriction analysis (COBRA). Methylation
patterns of LINE-1 were classiﬁed as either hypermethylated, hypomethylated or two partially methylated loci (mCmC, uCuC, mCuC and
uCmC, respectively). The severity of psoriasis was assessed by examining
the levels and patterns of LINE-1. The methylation status of LINE-1 at
different loci was also studied. Genes containing LINE-1 were analyzed
by the CU-DREAMX program.
MATERIALS AND METHODS
Patients and healthy controls
Twenty-nine chronic plaque-type psoriasis patients (16 males, 13 females), 8
SCC patients (3 males, 5 females) from the King Chulalongkorn Memorial
Hospital and 35 normal, healthy subjects (8 males, 27 females) were enrolled in
to the study. Patients with psoriatic arthritis or other autoimmune diseases were
excluded from the study. All patients were free of systemic skin therapies for at
least 4 weeks or topical skin therapies for at least 2 weeks prior to sample
collection. For each psoriatic patient, the severity of the disease was classiﬁed
according to the affected area and severity index (PASI) (o15 = mild and
≥ 15 = severe). Patients undergoing elective plastic surgery were recruited in to
the study as normal controls. The study was approved by the ethical committee
of the Institutional Review Board of the Faculty of Medicine, Chulalongkorn
University. All participants provided informed consent. The demographic data
of the patients are shown in Table 1.

Cell isolation
Parafﬁn-embedded epidermal skin from 13 psoriatic patients, 8 SCCs and 15
normal controls were isolated by using the PALM MicroLaser Microdissection
Journal of Human Genetics

Onset (mean ± s.d.) year

Duration of disease (mean ± s.d.) Year

30.69 ± 11.77

8.38 ± 9.33

Figure 1 A schematic representation of combined bisulﬁte restriction
analysis of LINE-1(COBRA-LINE-1). After DNA preparation and bisulﬁte
modiﬁcation, the PCR products were digested by Taq1 and Tas1 restriction
enzymes to 160-, 98-, 62- and 18-bp fragments. The LINE-1 methylation
levels were calculated as a percentage of the intensity of the digested
methylation fragment divided by the sum of the undigested and digested
fragment.

System (P.A.L.M. MicroLaser Technologies AG, Burnried, Germany). The
dissected epidermal skin was removed from the slide by using a cutter pulse
and collected in to a microtube. PBMCs were isolated from heparinized venous
blood by Ficoll-Hypaque (Amersham-Pharmacia Biotech, Uppsala, Sweden), a
gradient centrifugation technique used to separate lymphocytes from the blood.
Various cell populations (B cell, T cell and non-T non-B cell) were isolated
from the PBMCs by using antibody-coated magnetic beads (Dynal Biotech,
ASA, Oslo, Norway). The purity of each cell type was veriﬁed by ﬂow
cytometry.

DNA preparation and bisulﬁte modiﬁcation
Heparinized blood samples were collected. All white blood cells and keratinocytes were isolated as previously described.16,26 DNA from all samples were
obtained by using QIAamp DNA mini kit (QIAGEN, Hilden, Germany). After
that, 500 ng of DNA was treated by bisulﬁte using the EZ DNA methylation kit
(Zymo Research, Orange, CA, USA) according to the manufacturer’s speciﬁcations. The bisulﬁte-treated DNA samples were stored at − 20 °C until further
analysis.

COBRA of LINE-1 and Alu
Levels of DNA methylation of LINE-1 and Alu were assessed by using COBRA
as previously described.9,16,22,31 For LINE-1 COBRA, 2 μl of modiﬁed DNA was
ampliﬁed by using Hot Start PCR. Hot Start PCR was carried out at 95 °C for
15 min and later followed by 35 cycles of 95 °C for 1 min, 50 °C for 1 min, and
72 °C for 1 min. Final extension was carried out at 72 °C for 7 min. For Alu
COBRA, 2 μl of modiﬁed DNA was ampliﬁed by using Hot Start PCR as
follows: hot start at 95 °C for 5 min followed by 35 cycles of 95 °C for 45 s,
60 °C for 45 s, and 72 °C for 45 s, and ﬁnal extension at 72 °C for 7 min. After
ampliﬁcation, 8 μl of the PCR products (160 bp for LINE-1 and 99 bp for Alu)
were digested with the restriction enzymes TaqI and TasI (MBI Fermentas,
Gen Burnie, MD, USA). Each reaction was incubated overnight at 65 °C and

(n = 20)

43.07 ± 4.71

21.92 ± 11.65
24.22 ± 18.72

18.08 ± 3.16
35.78 ± 6.55

42.30 ± 16.39

(n = 15)

46.05 ± 4.14

28.33 ± 5.24
16.05 ± 7.53

19.39 ± 1.92
36.24 ± 5.04

35.43 ± 6.13

lation patterns

mC

mCmC

mCuC

41.19 ± 12.43

19.34 ± 3.47
35.71 ± 4.91

23.09 ± 8.04
21.85 ± 15.03

43.69 ± 2.41

(n = 20)

42.93 ± 15.48

19.04 ± 3.35
35.13 ± 5.62

21.94 ± 10.71
23.89 ± 17.91

43.40 ± 3.64

(n = 20)

CD4+ lymphocyte CD8+ lymphocyte

30.73 ± 3.74

19.48 ± 2.21
39.83 ± 3.42

29.43 ± 2.09
11.26 ± 4.07

44.80 ± 2.13

Non-TB (n = 20)

B lymphocyte

(n = 20)

36.98 ± 6.28

Keratinocyte

(n = 10)

30.99 ± 3.17

36.21 ± 6.34

(n = 20)
35.63 ± 7.34

(n = 20)

CD4+ lymphocyte CD8+ lymphocyte

32.02 ± 2.23

Non-TB (n = 20)

Abbreviation: SCC, squamous cell carcinoma.
aP = 0.022. (Alu methylation, non-T,B cells from the normal controls were compared to patients with psoriasis).

%Methylation

Alu methylation

Normal controls

Table 3 Methylation levels of Alu in various cell types

Abbreviation: SCC, squamous cell carcinoma.
aP = 0.014. (mC, keratinocytes from normal controls were compared to patients with psoriasis).
bP = 0.010. (mC, keratinocytes from normal controls were compared to patients with squamous cell carcinoma).
cP = 0.005. (mCmC, keratinocytes from normal controls were compared to patients with squamous cell carcinoma).
dP = 0.020. (uCuC, keratinocytes from normal controls were compared to patients with psoriasis).

Partial

uCuC

uCmC

B lymphocyte

Keratinocyte

LINE-1 methy-

Normal controls

Table 2 Methylation levels and patterns of LINE-1 in various cell types

31.19 ± 1.84

(n = 10)

Keratinocyte

34.50 ± 7.80

20.17 ± 2.00
41.11 ± 5.30d

24.39 ± 6.78
14.33 ± 8.03

41.64 ± 4.67a

(n = 13)

Keratinocyte

35.72 ± 9.30

(n = 16)

B lymphocyte

48.32 ± 13.77

17.41 ± 3.05
32.50 ± 3.82

19.19 ± 10.57
30.91 ± 16.03

43.34 ± 3.97

(n = 16)

B lymphocyte

45.75 ± 15.33

17.97 ± 2.59
34.77 ± 4.24

19.48 ± 11.71
27.78 ± 16.89

42.36 ± 4.33

(n = 16)

35.60 ± 8.93

(n = 16)

36.96 ± 9.52

(n = 16)

CD4+ lymphocyte CD8+ lymphocyte

Psoriasis

47.45 ± 13.99

17.92 ± 2.78
33.42 ± 3.57

19.13 ± 10.68
29.53 ± 16.06

42.86 ± 3.80

(n = 16)

CD4+ lymphocyte CD8+ lymphocyte

Psoriasis

30.26 ± 2.10a

Non-TB (n = 16)

28.66 ± 6.25

19.67 ± 2.42
41.12 ± 4.11

30.22 ± 3.65
8.99 ± 5.60

44.55 ± 2.31

Non-TB (n = 16)

30.92 ± 2.12

(n = 8)

Keratinocyte

SCC

37.89 ± 3.73

18.31 ± 1.13
39.96 ± 5.25

22.15 ± 2.67c
19.59 ± 3.54

41.09 ± 3.72b

(n = 8)

Keratinocyte

SCC
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then run on 8% polyacrylamide gels to separate the DNA fragments. The gel
was then stained with the SYBR green nucleic-acid stain. The intensity of the
DNA fragments was measured by PhosphoImagerl using Image Quant software
(Molecular Dynamics, GE Healthcare, Slough, UK). For interassay-variation
normalization, DNA templates from HeLa, Jurkat and Daudi cell lines were
used as positive controls in all of the experiments. As for Alu, the PCR products
were digested with restriction enzymes TaqI and TasI (MBI Fermentas).

LINE-1and Alu methylation analysis
The status of the methylation at 2 CpG dinucleotides in the 5’ and 3’ of the
sequence for LINE-1 loci was identiﬁed by COBRA and categorized into four
groups. These four groups are: (i) unmethylation of both CpGs (uCuC) at
LINE-1 loci; (ii) methylation of both CpGs (mCmC) at LINE-1 loci; (iii) partial
methylation of CpGs (5’-methylated and 3’- unmethylated CpGs (mCuC))
at LINE-1 loci; and (iv) partial methylation of CpGs (5’-unmethylated and
3’-methylated CpGs (uCmC)) at LINE-1 loci. LINE-1 methylation levels and
percentages of LINE-1 loci from each group were calculated from the
percentages of the intensities obtained from the COBRA-digested LINE-1
products. DNA fragments from enzymatic digestion for COBRA LINE-1 were

separated into ﬁve fragments: 160, 98, 80, 62 and 18 bp. The 18-bp fragment
was not used in the following calculations. The 160-bp fragment was identiﬁed
to be methylated pattern of mCuC. The 98-bp fragment was identiﬁed to be
methylated pattern of uCuC was, whereas the 80-bp fragment was the mixture
of mCmC and uCmC. Eventually, the 62-bp fragment was the mixture of uCuC
and uCmC. The number of CpG dinucleotides was obtained by dividing each
band intensity from the corresponding size of the double-stranded DNA
fragment as follows: A = 160 bp fragment intensity/160; B = 98 bp fragment
intensity/94; C = 80 bp fragment intensity/79; and D = 62 bp fragment intensity/
62. The LINE-1 methylation levels were calculated using the number of CpG
dinucleotides according to the following formulas: LINE-1 methylation level
percentage = 100 × (C+A)/(C+A+A+B+D); %mCuC) = 100 × (A)/(((C − D+B)/
2)+A+D); %uCmC = 100 × (D − B)/((C − D+B)/2)+A+D; %uCuC = 100 × B/
(((C − D+B)/2)+A+D); %mCmC = 100 × ((C − D+B)/2)/(((C − D+B)/2)+D+A)22
(Figure 1).
The Alu methylated and unmethylated bands were 57 and 78 bp, respectively.
The percentages of the intensity of the Alu-methylated band were represented
as the percentages of the methylation of Alu.

CU-CREAMX analysis
Table 4 The associations of LINE-1 methylation patterns and severity
of psoriasis
LINE-1 methylation patterns

Mild psoriasis (n = 7)

Severe psoriasis (n = 6)

mC

40.72 ± 4.96

42.72 ± 4.51

mCmC

21.51 ± 7.32
18.80 ± 5.99

27.76 ± 4.55
9.10 ± 7.12a

uCuC

19.63 ± 1.55
40.06 ± 4.19

20.81 ± 2.41
42.33 ± 6.56

Partial

38.43 ± 6.65

29.91 ± 6.79b

uCmC
mCuC

aP = 0.022. (uCmC;

keratinocytes from patients with mild psoriasis were compared to patients
with severe psoriasis).
bP = 0.043. (Partial methylation; keratinocytes from patients with mild psoriasis were compared
to patients with severe psoriasis).

All LINE-1 data were extracted from the L1base (http://l1base.molgen.
mpg.de).32 All microarray data on psoriasis were extracted from GEO dataset
(http://www.ncbi.nlm.nih.gov/geo). For this study, the psoriasis GEO expression libraries used to assess the correlations between LINE-1 and psoriasis were
GSE1335533 and GSE14905.34 The CU-DREAMX program, available at http://
pioneer.netserv.chula.ac.th/ ~ achatcha/cu-dream/, was used to measure this
correlation. Any regulated gene with a P-value of o0.01 was considered
signiﬁcant.3

Statistical analysis
The methylation status was compared between groups by independent sample
T-test (sig two-tailed) using the SPSS software for Windows 15.0 (SPSS Inc.,
Chicago, IL, USA). A P-value ofo0.05 was considered to be signiﬁcant. A
receiver-operating characteristic (ROC) curve analysis was performed to assess

Figure 2 ROC curve analysis of LINE-1 methylation in psoriasis. (a) The presence of LINE-1 methylation pattern uCuC was assessed in the keratinocytes from
the patients with psoriasis and normal controls. The uCuC pattern was found to accurately detect psoriasis with a cutoff value of 439.67% (sensitivity 69.23
and speciﬁcity 73.33). (b) The LINE-1 methylation pattern uCmC was found to accurately detect severe psoriasis with a cutoff value of ⩽ 10.87%
(sensitivity = 83.33% and speciﬁcity = 100.00).
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Table 5 The comparison of the genes containing intragenic LINE-1s and their expression in the skin from patient with psoriasis and the healthy
individuals
Genes with

Genes with both

Genes containing

Genes with sense

antisense L1s

sense and antisense

L1s (1454 genes)

L1s (336 genes)

(832 genes)

L1s (286 genes)

P-value

OR

P-value

OR

P-value

OR

P-value

OR

GSE13355 psoriasis skin vs normal skin Upregulation (P ⩽ 0.01)
GSE13355 psoriasis skin vs normal skin Downregulation (P ⩽ 0.01)

2.87E-13
3.84E-27

0.65
1.83

8.09E-03
2.45E-08

0.73
1.87

5.41E-05
7.25E-15

0.74
1.76

2.32E-10
6.06E-06

0.42
1.74

GSE14905 psoriasis skin vs normal skin Upregulation (P ⩽ 0.01)
GSE14905 psoriasis skin vs normal skin Downregulation (P ⩽ 0.01)

2.02E-07
2.14E-21

0.68
1.79

1.89E-01
2.14E-06

0.83
1.78

3.69E-03
1.47E-13

0.76
1.79

3.68E-07
1.12E-03

0.37
1.56

Abbreviation: OR, odds ratio.

Table 6 Phenotype functions of downregulated genes containing LINE-1 from the gene expression microarrays of GSE14905 and GSE13355
Phenotype function

LINE-1 downregulated genes in keratinocytes of patients with psoriasis

Tumor suppressor genes MIPOL1, PDS5B, UBR5, DAPK1, PTEN, STK3, MCC
Proliferation
ACVR1C, RICTOR, PARD3B, PDGFRA, ZAK, WDR19, PTPRM, PLD1, BBX, PHIP, UACA, PTK2, PRKCA, RBMS3, NEK1, PLCE1, CUL3, KDM5A,
Apoptosis

STAG1, PTPRK, UVRAG, STK3, NEO1, CDK14, DDR2, EGF, ANK3, MMP16, NFATC1, EVI5
ACVR1C, PDGFRA, WDR19, PTPRM, PHIP, UACA, PTK2, RBMS3, HIVEP1, ATG5, DAPK1, MAP3K7, MMP16, NFATC1, ANKHD1

Cell differentiation
Cell survival

ACVR1C, PLCE1, PTPRK, NEO1, DDR2, EGF, MMP16, NFATC1
RICTOR

Immune regulation
Polarity and motility

ITGB1, PDE4D, HIVEP1, IL7
DST, UACA, PTK2, ELMO1, ANK3, MMP16

whether LINE-1 and its patterns could distinguish patients with mild or severe
psoriasis from the normal controls.

RESULTS
Alterations in DNA methylation levels and patterns of LINE-1 in
the psoriatic epidermis
From the COBRA-LINE-1 analysis, different levels of LINE-1 methylation and patterns of the epidermis from patients with psoriasis
(n = 13), SCC (n = 8) and normal controls (n = 15) were identiﬁed
(Table 2). The levels of LINE-1 methylation in psoriatic (41.64%) and
SCC (41.09%) epidermis were signiﬁcantly lower than the normal
epidermis (46.05%) (P = 0.014 and P = 0.010, respectively) (Table 2).
As for the LINE-1 methylation pattern, the number of hypomethylated
loci (uCuC) of LINE-1 in psoriasis (41.11%) was signiﬁcantly higher
than the normal controls (36.24%) (P = 0.020). Unlike the epidermis,
there were no signiﬁcant differences between the patients with
psoriasis and normal controls for LINE-1 methylation levels and
patterns in various hematopoietic cell types (B, CD4+, CD8+ T
lymphocytes and non-T, B cells) (Table 2).
As for the Alu analysis, there were no signiﬁcant differences in the
Alu methylation of the epidermis from patients with psoriasis (n = 10),
SCC (n = 8) and normal controls (n = 10). However, the Alu
methylation levels in psoriatic non-T and B cells (30.26%) were lower
compared with the normal controls (32.02%) (P = 0.022) (Table 3).
LINE-1 methylation pattern as a biomarker for psoriasis
The ROC curve analysis was performed to explore the potential use of
LINE-1 methylation pattern to distinguish psoriasis from the normal
controls. The uCuC pattern was found to accurately detect psoriasis
with a cutoff value of 439.67% (sensitivity 69.23 and speciﬁcity
73.33). The associations of LINE-1 methylation patterns and the
different degree of severity of the disease are shown in Table 4. The

degree of severity of psoriasis was classiﬁed as mild and severe when
the PASI was o15 and ⩾ 15, respectively. Patterns with uCmC (severe
vs mild = 9.10 vs 18.8; P = 0.022) and partial methylations (uCmC and
mCuC) (29.91 vs 38.43; P = 0.043) were lower in patients with severe
psoriasis when compared with those with mild psoriasis. Next, the
ROC curve analysis was utilized to explore the role of uCmC as a
biomarker for the severity of psoriasis. The cutoff value for uCmC was
⩽ 10.87% which indicated that this pattern had a high speciﬁcity and
sensitivity in detecting patients with severe psoriasis (sensitivity
83.33%; speciﬁcity 100.00%) (Figure 2).
Downregulation of genes containing LINE-1 in psoriasis
Gene expression microarrays for psoriasis (GSE13355 and GSE14905)
were examined for the presence of LINE-1 and its expression level by
the CU-DREAMX program. Gene containing LINE-1s were categorized into four groups based on the location and possible controlling
function of intragenic LINE-1 as 1454 of genes containing LINE-1,
336 of genes with sense LINE-1, 832 of genes with antisense LINE-1
and 286 of genes with both sense and antisense LINE-1. The χ2 test
was used to determine the correlation of the genes containing
intragenic LINE-1s and their expression in the skin from patient
with psoriasis (Supplementary Table 1). The genes with LINE-1 from
both arrays were downregulated (GSE13355, P = 3.84 × 10 − 27, odd
ratio = 1.83 and GSE14905, P = 2.14 × 10 − 21 odd ratio = 1.79)
(Table 5). Interestingly, the genes containing antisense LINE-1s were
signiﬁcantly more predominant in the downregulated genes in skin
from patient with psoriasis than healthy individuals (GSE13355;
P = 7.25E-15, odd ratio = 1.76 and GSE14905; P = 1.47E-13, odd
ratio = 1.79) (Table 5). When these genes were further analyzed, it
was discovered that these genes were involved in the pathogenesis of
psoriasis. Interestingly, many of these genes were also known as tumor
suppressor genes (Table 6).
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DISCUSSION
The genome-wide CpG hypomethylation, alterations of LINE-1
methylation and Alu hypomethylation with different patterns have
been reported in various malignancies and cancers including
SCC.3,8,10,17,18,35,36 In contrast to cancers, the genome-wide CpG
hypermethylation of keratinocytes and PBMCs was reported in
patients with psoriasis.27 Hence, the methylation data from cancer is
not applicable for patients with psoriasis. This is further supported by
the fact that the genomes of patients with psoriasis are more stable and
have a different pathogenesis as those with cancer. For example, in
psoriasis, inﬂammation and immunological factors play an important
role in keratinocyte hyperproliferation and differentiation, whereas in
cancer, this is not the case.
To date, there is no information on LINE-1 and Alu in patients with
psoriasis. This study is the ﬁrst of its kind to assess the methylation
levels and patterns of LINE-1 and Alu in patients with psoriasis. This
study did not detect any Alu methylations in the keratinocytes of the
patients with psoriasis and therefore has concentrated on LINE-1
thereafter. Hypomethylation of LINE-1 was found in both the
epidermal skin of patients with psoriasis and SCC. This discrepancy
from the previous report may be due to the different technique used to
assess methylation as well as the target DNA used. The use of global
methylation may include other irrelevant genes so in this study,
speciﬁc areas that were methylated were analyzed to be more accurate.
By analyzing LINE-1, this study was able to assess in detail the
different patterns and levels among various cell lines.
Further analysis of LINE-1 conﬁrmed that there were different
patterns on each locus studied. Previous studies have shown that
patterns for methylations such as uCuC are far superior in detecting
cancer than overall LINE-1 methylation.22 Similarly, this study also
found that hypomethylated loci (uCuC) were associated with psoriasis.
The presence of uCuC was signiﬁcantly higher in patients with
psoriasis than the normal controls and its ROC curve conﬁrmed its
use as a biomarker in accurately detecting psoriasis. The presence of
other methylation patterns, uCmC and partial methylation, were
signiﬁcantly lower in patients with severe psoriasis. However, it should
be noted that uCmC was the most speciﬁc and had the highest
sensitivity in detecting patients with severe psoriasis compared with
any other LINE-1 methylation patterns. Even the ROC curve analysis
conﬁrmed the accurate use of uCmC as a biomarker for severe
psoriasis with a cutoff value of ⩽ 10.87% (sensitivity 83.33%;
speciﬁcity 100.00%).
As for the results from the bioinformatics analysis, there were high
prevalences of downregulated genes containing LINE-1 in patients
with psoriasis. Most of the downregulated genes containing LINE-1
are involved in the biological processes that trigger psoriasis and the
pathogenesis of the disease including tumor suppression, proliferation,
apoptosis, cell differentiation and immune regulation (Table 6). This
ﬁnding corroborates with the cancer data that hypermethylation of the
promoter is frequently linked with transcriptional silencing of the
tumor suppressor genes 19–21. It has been shown that downregulation
of tumor suppressor genes in psoriatic epidermis will result in
abnormal proliferation and differentiation of keratinocytes.23,25,26 It
is possible that hypomethylation of LINE-1 downregulated tumor
suppressor genes will cause acanthosis and hyperkeratosis in the
epidermis of patients with psoriasis. Moreover, hypomethylation of
LINE-1 may affect other genes involved in the induction of the disease
and maintenance such as cell proliferation, apoptosis, differentiation
and immune regulation.
Aside from that, hypomethylation of LINE-1 was associated with the
downregulation of the genes containing LINE-1 in patients with
Journal of Human Genetics

psoriasis. It is possible that hypomethylation of intragenic-LINE-1 can
repress the psoriatic gene as seen in patients with cancer.3 However, the
mechanisms of LINE-1 hypomethylation and downregulation of the
psoriatic genes are unclear. Additional studies are warranted to assess
the functions of LINE-1. In conclusion, LINE-1 hypomethylation was
found in patients with psoriasis and the genes containing LINE-1 are
signiﬁcantly downregulated in the epidermis. The LINE-1 methylation
pattern uCuC was associated with psoriasis. The LINE-1 methylation
pattern uCmC has a high sensitivity and speciﬁcity to detect severe
psoriasis and therefore can be used as a biomarker for the disease.
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