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ABSTRACT
Long interspersed element-1s (LINE-1s) are
retrotransposable elem ents. R ecent studies have
shown that genes containing LINE-1s are regulated by
epigenetic regulation of intragenic LINE-1s in cancer
and in embryonic development. Moreover, intragenic
LINE-1 may possess a regulatory function under
p h y s io lo g ic a l c o n d itio n s. We hypothesized that
female sex steroids could alter expressions of genes
containing LINE-1. Here we analyzed the influence of
i n t r a g e n i c L I N E -1 s on gene expression during
menstrual phases by using expression array data from
public database (Gene Expression Omnibus (GEO),
(http://www.ncbi.nlm.nih.gov/geo). Gene expression
levels in early, mid and late secretory phases were
compared with those in the proliferative phase. Genes
c o n ta in in g intragenic L I N E -1 s were h ig h ly and
significantly up-regulated in early-secretory phase as
compared to those in the proliferative phase in both
GSE tests (GSE6364 with p< 1.05E-10; OR = 1.62;
95% CI = 1.40-1.88 and GSE4888 with p<2.22E-10;
OR=1.61; 95% CI=1.39-1.87). Genes containing
intragenic LINE-1 were significantly up-regulated in
both mid- and late-secretory phase as compared to
those in the proliferative phase (G S E 4 8 8 8 w ith p <
5 .6 6 E -0 3 ; O R = 1 .2 4 ; 9 5 % C I = 1 .0 6 -1 .4 4 an d
p<1.14E-04; OR=1.42; 95% CI=1.19-1.69). However,
genes containing intragenic LINE-1 were found to be
significantly down-regulated only in mid-secretory
p h a s e compared to those in the proliferative phase.
(GSE6364 p<2.98E-02; OR=1.15; 95% CI=1.01-1.31
and GSE4888 p<6.22E-04; OR=1.25; 95% CI=1.101 .4 1 ). Together, these data suggest that in tra g e n ic
LINE-1 could play roles in regulation and expression
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INTRODUCTION
The menstruation cycle is the important
mechanism in female mammals where cyclic changes
prepare the uterine lining for fertilized egg. In
humans, the menstruation cycle in the uterus
composes of proliferative (follicular) and secretory
(luteal) phases which are regulated by sex hormones.
These sex hormones include estrogen (E2) and
progesterone which play significant roles in changing
the uterus during the cycle. Critically high levels of E2
in the proliferative phase (PR) activate ovulation by
inducing follicle-stimulating hormone (FSH) and
luteinizing hormone (LH) secretion. The lower level
of E2 in the late PR then causes the lowering of FSH
and LH levels. In secretory phase (SE), influence of
E2 and progesterone secretion can continue to build up
the endometrium in preparation for implantation.
Degeneration of corpus luteum and the beginning of
menstruation will present when levels of these two
hormones decline (fertilization is not complete).
Hormonal levels in the menstruation cycle are very
important mechanisms as they have influential organs
in the reproductive system. Controlling gene
expression is also related to complex interactions,
such as signal transduction pathways, general and
specific transcription factors, chromatin remodeling
proteins and even the methylation of intragenic
repetitive sequences (Ahmad and Kumar, 2011;
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Aporntewan et al., 2011). Up- or down- regulation of
genes can be induced by various factors. Sex
hormones can initiate up-regulated of target genes by
acting as transcription factors after binding to specific
receptors, meanwhile their receptor agonists may
cause down-regulated effects of their respective
receptors (Wierman, 2007).
Long interspersed nuclear element-1 (LINE1 or L1) is a family of non-LTR retrotransposons. It
presents about 18–20% with more than 500,000
copies of repetitive sequences in the human genome
(Lander et al., 2001). These repetitive sequences
disperse all over the chromosomes and affect the
regulation of human host gene transcription (Matlik et
al., 2005). P r e v io u s ly , w e d e m o n s tr a te d th a t
methylation of intragenic full length LINE-1 is an
epigenetic modification that regulates gene expression
in cancer (Aporntewan et al., 2011) and embryogenesis
( Ngamphiw et al., 2014) . Moreover, our previous
studiesfound that genes containing LINE-1s in
neutrophils from the systemic lupus erythematosus
(SLE) patients showed significantly up-regulated
compared with the healthy controls (Sukapan et al.,
2014). We also found that genes containing LINE-1s
expression can be altered by a number of siRNA
experiments, including siRNA to estrogen receptors
(W a n ic h n o p p a ra t et al., 2013). T h e re fo re , w e
hypothesized that intragenic LINE -1 possess a cis
regulatory function and alters genes containing LINE1 expression during menstrual cycles.
B a s e o n m ic ro a r r a y d a ta o f th e g e n e
expressio n stud y, it can p rovid e the interesting
in fo rm a tio n re g a r d in g the comparison of g e n e s
containing the LINE-1 library. The screening of gene
expression and the lists of genes containing LINE -1
which are related to each phase of menstruation cycle
were done. Recently, there are no reports and studies
which explain the relationship between each phase in
themenstruation cycle and genes containing LINE-1
expression. This is the first study to provide more
function of LINE -1 related to sex hormone levels in
human gene expression control. Our study aims to
verify the relationship between genes containing LINE-1
expression of endometrium in the menstruation cycle
which presents the different dominant hormonal level
in humans.

annotation which was the same as previously reported
(Aporntewan et al., 2011). To evaluate the influence
of LIN E -1s to host gene expression, genes were
divided into two categories, containing LINE-1 or not
containing LINE-1. Microarray expression of mRNAs
from the GEO data set (Edgar, 2002; Barrett, 2009)
was classified as up-or down-regulated and not up-or
not down-regulated depending on the statistical
significance determined by the student’s t-test. The
libraries were GSE6364 (Burney et al., 2007) and
GSE4888 (Talbi et al., 2006). These libraries included
proliferative (PR), early secretory (ESE), mid secretory
(MSE) and late secretory (LSE) phases of endometrium
which were processed for total RNA isolation and
affymetrix chip hybridization. The student’s t-test was
performed on all probes. Some probes represented
more than one gene (homologous probes). Each gene
was counted as up-or down-regulated by expression
levels ofunique probes. P-values less than 0.05 were
observed for represented probes as significantly
different secretory phases (ESE, MSE or LSE) and PR.
Identification of up-or down-regulate gene expression
analysis
The identification of mRNA of regulated
genes from expression microarrays as up- or downregulated and not up- or not down-regulated were done.
The statistical significances were determined by the
student’s t-test. From microarrays experiment data,
each mRNA in the experiments was classified into the
following four groups: 1) genes containing LINE-1 and
regulated in the array experiments 2) genes containing
LINE-1 and not regulated in the array experiments 3)
genes without LINE-1 and regulated in the array
experiments 4) genes without LINE-1 and not regulated
in the array experiments (Figure 1).
The intersection of microarray expression
data, which is co m p atible w ith G ene E xp ressio n
O m nib us (G E O ), and genes containing the LINE-1
library were done. T h e n u m b er o f g e n es in e a c h
subset were compared using the Pearson’s chi-square
test. The Pearson’s chi-square test of independence
w as d eterm in ed if tw o v ariab les (g ene gro u p s
containing LINE-1 or not) are related (or unrelated) to
the interested experiment and provided a 2x2 table for
frequency of occurrences. The odds ratio of up- or
down-regulated in genes containing LIN E -1 was
calculated by dividing the probability of the event
h a p p e n i n g b y t h e probability of the event not
happening. The odds ratio of genes containing LINE1 in up - or do wn-regulated that is related to the
experim ent was analyzed. The num ber of up - or
down-regulated genes containing LINE-1 was divided

MATERIALS AND METHODS
Expression of genes containing LINE-1 and mRNA
classification
Intragenic LINE-1s (from L1 base, Penzkofer
et al., 2005) were categorized according to their genomic
locations in the NCBI Reference Sequence (RefSeq)
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by the number of not up- or not down-regulated genes
containing LINE-1. Then, the number of up- or downreg u late d g en e s that does not contain LINE-1 w a s
d ivid ed b y the num b er o f no t up - o r no t d o w n -

regulated genes that does not contain LINE-1. T he
odd ratio of more than 1.0 indicated the association
between effects of sex steroid hormones and genes
containing LINE-1 expression.

Microarray experiment
1) Up – or down regulated genes
with LINE - 1

2) Not up – or down regulated genes
with LINE - 1

3) Up – or down regulated genes
without LINE - 1

4) Not up – or down regulated genes
without LINE - 1

Figure 1. The correlation between the expression of genes from microarray libraries and genes containing or
without LINE-1. The microarray data were intersected with the genes in four groups as 1) genes containing
LINE-1 and regulated in array experiments 2) genes containing LINE-1 and not regulated in the arrays
experiment 3) genes without LINE-1 and regulated in the experiment 4) genes without LINE-1 and not
regulated in the array experiments. Pearson’s chi-square test of independence was determined if two variables
(the gene groups of genes containing LINE-1 or not) are related (or unrelated) to the interested experiment and
provided a 2x2 table for frequency of occurrences.
95% CI =1.39-1.87 p=2.22E-10) (Figure 2 and Table
1). Moreover, the results showed that down-regulated
genes containing LINE-1 were also found in the MSE
phase (OR=1.25, 9 5 % CI =1 .1 0 -1 .4 1 p=6.22E-04)
( Fig 2 and Table 1 ) ). Although significance of upregulated genes containing LINE-1 in the MSE phase
were found, more samples are needed to clarify.
Significance of up-regulated genes with intragenic
LINE-1 in the LSE phase w a s similar to the ESE
phase, which presented low levels of E2 ( OR=1.42,
95% CI= 1.19-1.69, p=1.14E-04) (Figure 2 and Table
1).

RESULTS
Expression of genes containing LINE-1s during the
menstrual phase
To investigate sex hormones initiating genes
containing LINE-1 expression, we compared gene
expression in each phase of the menstrual cycle by
using expression arrays from the public database
(Gene Expression Omnibus (GEO) with genes
containing LINE-1 and genes without LINE-1. Genes
co ntaining LIN E -1 exp ressio n o f end o m etrium
in se c re to ry p h a se s (E S E , M S E a n d L S E ) o f
the menstruation cycle were compared with those
in the P R phase. Up- and down-regulate genes were
classified by two student’s t-tests. Genes containing
LINE-1 in each secretory phase were classified as upor down-regulated when the mean in each phase was
statistically higher or lower than the PR phase. From
GSE6364, our results showed up-regulated genes with
intragenic L1 in the ESE phase were significantly
higher than PR phases (p=1.05E-10; odds ratio (OR)
= 1 .6 2 ; 9 5 % confidence interval ( CI) =1.40-1.88)
while a significance of down-regulated genes was
fo u n d in MSE phases (OR = 1.15 9 5 % CI = 1 .0 1 1.31, p=2.98E-02) (Figure 2 and Table 1). To validate
our results, we performed the similar analysis from
another expression m icroarray of endom etrium ,
GSE4888. The expression of genes containing LINE1 in three phases of the menstruation cycle (ESE,
M S E an d L S E p h ases) were also an alyzed and
compared to the PR phase. R esults w ere sim ilar to
that of up-regulated genes containing LINE-1 which
were highly significant in the ESE phase (OR =1.61,

DISCUSSION
In this study, we investigated for association
of hormonal levels in each phase of menstruation and
genes containing LINE-1 expression. There are three
main interesting observations in the comparison of the
PR phase (estrogen dominant) to three phases of SE
(progesterone dominant). First, the up-regulation of
genes containing LINE-1 had the highest significance
in the ESE phase. Second, significance of up and
down-regulated genes containing LINE-1 were shown
in the MSE phase. Third, up-regulated genes containing
LINE-1 expression in the LSE phase was observed.
Generally, FSH and LH from the anterior
pituitary need very high level of E2 in the PR phase to
activate ovulation. The increasing amount of E2 in the
PR phase is secreted from the maturing follicle. The
appropriate hormonal level is very important to
control these functions. Ab n o r m a l in c r e a s e of E2
levels in the PR phase may cause more proliferation
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Figure 2 Percentage of up- and down-regulated genes containing intragenic LINE-1 in the early secretory phase
(ESE), mid-secretory phase (MSE) and late-secretory phase (LSE) from GSE6364 and GSE4888. GSE6364: the
ESE phase: up-and down-regulated genes were presented (p-value (odds ratio) =1.05E-10 (1.62) and 6.04E-10
(0.96). The MSE phase: up-and down-regulated genes were presented (p-value (odds ratio) =2.23E-01 (1.10)
and 2.98E-02 (1.15). GSE4888: the ESE phase: up-and down-regulated genes were presented (p-value (odd
ratio) =2.22E-10 (1.61) and 2.60E-10 (0.91). The MSE phase: up-and down-regulated genes were presented (pvalue (odd ratio) =5.66E-03 (1.24) and 6.22E-04 (1.25). The LSE phase: up-and down-regulated genes were
presented (p-value (odd ratio) =1.14E-04 (1.42) and 9.74E-01 (1.00). Pearson’s chi-square test was performed to
calculated significant d ifferences ( p<0 .05 ). Down represents “down-regulated genes”, whereas Not down
represents “unchanged” or “up-regulated genes”. Up represents “up-regulated genes”, whereas Not up
represents “unchanged” or “down-regulated genes”. The asterisk (*) indicates a p-value of <0.05.
of relative cells which originate cancers (BakkumGamez et al., 2011). Then in the secretory phase, high
levels of progesterone and lower levels of E2
(compared to the PR phase) are released from the
corpus luteum to produce and maintain endometrium
l i n i n g . In our results, significance of up-regulated
genes containing LINE-1 in the ESE versus PR phase
was shown. Levels of E2 were decreased meanwhile
up-regulated genes containing LINE-1 were found.
From this result, it seems that the lower level of E2 in
the ESE phase may have had less functions to initiate
down-regulated genes, therefore up-regulated genes
containing LINE-1 are presented. This may suggest
that the high levels of E2 in the PR phase may
function to down-regulate genes containing LINE-1
expression. Moreover, progesterone levels (secreted
from the corpus luteum) start to increase in the ESE
phase which was the same period that up-regulated
genes containing LINE-1 were found. This may
indicate that high levels of progesterone may initiate
up-regulated genes containing LINE-1. From the
analyzed data, the Rapamycin-insensitive companion

of Tor (RICTOR) was found with intragenic LINE-1
genes and presented up-regulated in the ESE phase.
This gene has an associated function related to corpus
luteum production. The deletion of RICTOR can
causes approximately 71% decreasing of the corpus
luteum in mice (Chen et al., 2015) which supports our
suggestion that high levels of progesterone may
initiate genes in the ESE phase.
Second, the significance of up- and downregulated genes containing LINE-1 were present at
the same time that the highest progesterone levels
were present. This evidence shows the association of
different hormones in the MSE phase to genes
containing LINE-1 expression. Down-regulated genes
with intragenic LINE-1, suggest that these may be the
influence from E2 levels which still secrete from the
corpus luteum and initiate down-regulated genes
containing LINE-1. In contrast, up-regulated genes
containing LINE-1 in the MSE phase may be initiated
by the high level of progesterone. From our results, an
example of up-regulated genes containing LINE-1 in
the MSE phase is Prolactin receptor (PRLR). PRLR
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p ro life ra tiv e p h a s e which indicates progesteroneinfluenced PTP activity ( P a r ta n e n , 2 0 0 1 ) . These
evidences supported our results that genes containing
LINE-1 may be initiated by progesterone in the MSE
phase. In the final observation, up-regulated genes
containing LINE-1 which presented in the LSE phase,
this may indicate that the influence from the decreasing
E2 level causes the degeneration of the corpus luteum.

can regulate protein-tyrosine phosphatases (PTP)
group expression (Edwards et al., 1998). This group
of enzymes has an important function related
to many pathways, such as signal transduction, cell
proliferation and cell cycle control pathways (Shifrin
et al., 1997; Stoker, 2005; Östman et al., 2006).
Moreover, it was found that increasing PTP activity
was high during the secretory phase, but low in the

Table 1 The correlation between menstruation phases and expression of genes containing LINE-1 (GSE6364
and GSE4888) Expression of genes containing LINE-1 in the proliferative phase were compared with those in
ESE, MSE and LSE phases. Significant p-value and odds ratio were shown in the comparison between up or
down-regulated genes containing intragenic LINE-1 in each phase of menstrual cycle. Pearson’s chi-square test
was perform ed to calculated significant differences (p<0.05). Down represents “down-regulated genes”,
whereas Not down represents “unchanged” or “up-regulated genes”. Up represents “up-regulated genes”,
whereas Not up represents “unchanged” or “down-regulated genes”.
GSE

Menstruation phase

6364

ESE

MSE

4888

ESE

MSE

LSE

Gene regulation
Up
Not up
Down
Not down
Up
Not up
Down
Not down
Up
Not up
Down
Not down
Up
Not up
Down
Not down
Up
Not up
Down
Not down

LINE-1

No LINE-1

Odd ratio

95% CI

p-value

233
1067
173
1127
193
1107
340
960
232
1068
179
1121
220
1080
357
943
149
1151
282
1018

2290
17023
2669
16644
2635
16678
4540
14773
2295
17018
2281
16432
2732
16581
4500
14813
1616
17697
4182
15131

1.62

Lower: 1.40
Upper: 1.88
Lower: 0.81
Upper: 1.13
Lower: 0.94
Upper: 1.29
Lower: 1.01
Upper: 1.31
Lower: 1.39
Upper: 1.87
Lower: 0.77
Upper: 1.07
Lower: 1.06
Upper: 1.44
Lower: 1.10
Upper: 1.41
Lower: 1.19
Upper: 1.69
Lower: 0.87
Upper: 1.15

1.05E-10

Genes with intragenic LINE-1 present a wide
range of biological processes, such as cell differentiation
control, cell proliferation, cell homeostasis, genomic
stability and especially hormonal response. In n o rm al
tis s u e s , LINE-1 elements are less likely to interfere
with DNA by acting as hypermethylation (Senthong
et al., 2014; Feinberg and Tycko, 2004). Our previous
results suggest that L IN E -1 m eth ylatio n lev els in
normal endometrium did n o t change even in the
different phase of menstruation (about 48%) (Senthong
e t a l . , 2 0 1 4) . Therefore, changing of LINE-1
methylation, such as hypomethylation which c a n
decrease host gene expression, was mostly found in
cancer (Han et al., 2004; Aporntewan et al., 2011;
Xiao-Jie et al., 2016). LINE-1 might be important in

0.96
1.10
1.15
1.61
0.91
1.24
1.25
1.42
1.00

6.04E-01
2.23E-01
2.98E-02
2.22E-10
2.60E-01
5.66E-03
6.22E-04
1.14E-04
9.74E-01

controlling gene expression initiated by hormonal
levels.
In conclusion, hormonal levels could be an
important mechanism to up or down regulate genes
containing L1s to control their homeostasis of gene
expression. Thus, intragenic LINE-1 may play a role
in gene regulation in menstrual cycles.
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