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Abstract

Background/Aims: HOTAIR is a long non-coding RNA that promotes the development of
human cancer. TET1 enzyme s involved in DNA demethylation by oxidation of 5-methylcytocine
and it is considered a tumor suppressor in some types of cancer. HOTAIR and TET1 are involved
in modulation of the Wnt/B-catenin signaling pathway, but their role in cervical cancer
remains to be elucidated. The aim of this work was to analyze the effect of HOTAIR in TET1
expression, Wnt/B-catenin signaling, and expression, methylation and hidroxymethylation of
some negative regulators of this pathway in Hela cells. Methods: HOTAIR and TET expression
were analyzed by RT-qPCR and western blot. The HOTAIR knockdown was done with DsiRNA
and the activity of the Wnt/B-catenin signaling pathway through luciferase assays and
B-catenin nuclear translocation. The mRNA levels of SNAIL, EDN3, CYCD1, SPRY2 (targets of
Whnt/B-catenin pathway) PCDH10, SOX17, AJAP1, and MAGI2 (negative regulators of Wnt/p-
catenin pathway) were evaluated by RT-gPCR. The DNA methylation and hidroxymethylation
of negative regulators of the Wnt/p-catenin pathway were evaluated by methylation-specific
PCR and chemical modification, followed by digestion and quantitative PCR. Results: HOTAIR
knockdown in Hela cells decreased the activity of Wnt/B-catenin signaling pathway. It
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increased the mRNA levels of Wnt/ B-catenin negative regulators through a decrease in their
promoter’s methylation pattern. TET1 enzyme was also down-regulated in HOTAIR knockdown
cells. Conclusion: Our study suggests a mechanism in which HOTAIR promotes the over-
activation of Wnt/B-catenin signaling pathway by downregulation of PCDH10, SOX17, AJAP1

and MAGI2 and also TET.
© 2019 The Author(s). Published by
Cell Physiol Biochem Press GmbH&Co. KG

Introduction

HOX transcript antisense intergenic RNA (HOTAIR) is a well-characterized long non-
coding RNA that interacts with the Polycomb repressive complex 2 (PRC2) [1] and lysine-
specific demethylase 1 (LSD1) [2] to modulate the expression of genes associated with the
progression of cancer [3]. HOTAIR over-expression has been reported in several types of
human cancer, which induce the proliferation, migration, invasion, metastasis and apoptosis
inhibition [4-5]. Furthermore, HOTAIR triggers the Wnt/B-catenin pathway in Lewis lung
cancer cell [6], esophageal squamous cell carcinoma [7], pancreatic ductal adenocarcinoma
[8], gastric [9] and ovarian cancer [10]. However, the molecular mechanisms involved in this
stimulation has not been fully elucidated.

Ten-eleven translocation 1 (TET1) is a dioxygenase that depends of Fe (II) and
2-oxoglutarate cofactors. This enzyme is involved in DNA demethylation by oxidation of
5-methylcytocine (5mC) to 5-hydroxymetylcytosine (5hmC), 5-formylcytosine (5fmC) and
5-carboxylcytosine (5cmC) [11]. TET1 is mainly regulated at transcriptional level by HIF-2a
[12], Oct4, SOX2 [13], PRC2 [14], DNA methylation and polyADP-ribosylation [15]. TET1 is
involved in many diseases, including several types cancer [16], in which is down-regulated
[17-21]. Moreover, TET1 decreases the stimulation of theWnt/§3-catenin pathway by de-
repression of inhibitors through changes in methylation and hydroxymethylation levels of
their promoters in colon [22] and ovarian cancer [23].

The Wnt/B-catenin signaling pathway has a critical role in development, differentiation
and tissue homeostasis [24]. Aberrantly, this signaling pathway is widely involved in several
human malignancies, including many types of human cancer [25]. The negative regulators
of this pathway are frequently altered in human cancer mainly by genetic and epigenetic
mechanisms [25-27]. The abnormal methylation is one of the main epigenetic mechanisms
for the loss of function of negative regulators of the Wnt/3-catenin pathway [28].

In summary, there are studies that clearly indicate that HOTAIR and TET1 are involved
in modulation of the Wnt/B-catenin signaling pathway in human cancer. Nevertheless, the
role of HOTAIR and TET1 in the Wnt/B-catenin signaling pathway is unknown in cervical
cancer and its cellular lines. Therefore, in this work, we analyzed the HOTAIR effect in TET1
expression, Wnt/[-catenin pathway and expression, methylation and hidroxymethylation of
some negative regulators of this pathway in HeLa cells.

Materials and Methods

Cell culture and transfections

HeLa cells were purchased from American Type Culture Collection (ATCC, USA) and cultured in
DMEM/F12 1:1 medium (Gibco; Carlsbad, CA, USA) supplemented with 10% fetal bovine serum 100 U/mL
penicillin, 100 pg/mL streptomycin and 0.25 pg/mL amphotericin B (Caisson Labs; Smithfield, UT, USA),
at 37°C and 5% CO,. The cells (~500, 000 cells, 12-wells plates) were transfected with 30 pM of DsiRNA
targeting HOTAIR (DsiHOTAIR) (IDT; San Diego, CA, USA) or as control DsiCTRL (IDT; San Diego, CA, USA)
using Lipofectamine 2000 (Invitrogen; Carlsbad, CA, USA) according to the manufacturer’s protocol, then
collected 48 hours later for further analysis.
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Total RNA and genomic ~ Table 1. Primer sequencies
DNA isolation Gene Forward Reverse Tm °C
Total BNA was RTqPCR
extracted with  TRIzol
. HOTAIR  GGTAGAAAAAGCAACCACGAAGC  ACATAAACCTCTGTCTGTGAGTGCC — 60
reagent (Invitrogen;
Carlsbad CA USA)  GAPDH CCGGGAAACTGTGGCGTGATGG AGGTGGAGGAGTGGGTGTCGCTGTT 60
, ,
according to the TET1 GCTGCTGTCAGGGAAATCAT ACCATCACAGCAGTTGGACA 60
manufacturer’s  protocol.  TET2 CCAATAGGACATGATCCAGG TCTGGATGAGCTCTCTCAGG 61
Genomic DNA was extracted  pprg TCGGAGACACCCTCTACCAG CTTGCAGCCGTTGAAGTACA 60
using the Wizard®
) o PCDH10 CCCGTCTACACTGTGTCCCT GGAGTACACGACCTCACCGT 60
Genomic DNA Purification
Kit (Promega; Madison, S°X17 AGTGACGACCAGAGCCAGAC CCTTAGCCCACACCATGAAA 63
Wi, USA) according ~ AJAP1 GTTAGCACAACGGAGCCTTC GATGATCTGATGGACAGCCA 56
to the manufacturer’s MAGI2  TCGGAGGATGGAGTCTGGATTTGGC  GCCCATGGCAATGACAGCTCCAA 60
Instructions. The g cacenin TGCAGTTCGCCTTCACTATG ACTAGTCGTGGAATGGCACC 60
concentrations of RNA
) cycep1 CCGTCCATGCGGAAGATC ATGGCCAGCGGGAAGA 60
and DNA were determined
SNAIL TGACCTGTCTGCAAATGCTC CAGACCCTGGTTGCTTCAA 60
by spectrophotometry
with Nano-Drop 2000c  EDN3 CTATTGCCACCTGGACATCA GCCGTCCTTGAATTACTGCT 56
Spectrophotometer  SPRY2 TTGCTCGGAAGTTGGTCTAA TCAGGTCTTGGAAGTGTGGT 42
(Thermo Fisher Scientific;  pnmT1 GGTTCTTCCTCCTGGAGAATG GTCTGGGCCACGCCGTACTG 60
Waltham, MA, USA). DNMT3A GGTGCTGTCTCTCTTTGATG ATGCTTCTGTGTGACGCTG 60
DNMT3B  ACCACCTGCTGAATTACTCACG GATGGCATCAATCATCACTGG 60
RT-qPCR
The mRNA levels of MSP
TETs, negative regulators  TET1 GTCGGTAGGCGTTTTTCGC CCCAACTCACCGCTAACCG 62

and target genes of Wnt/B-  pcDH10  TCGTTAAATAGATACGTTACGC TAAAAACTAAAAACTTTCCGCG 60
catenin  pathway — were oy, GGAGATTCGCGTAGTTTTCG AACCCGACCATCACCGCG 60
analyzed by RT-qPCR using

AJAP1  TTTGGTAGAGTTTTTCGATTCGGTAGC  ACCGAAACTCCGCGCCGATAA 60

the KAPA SYBR FAST One-
MAGI2  CGTAGAGTTCGAGATGTGGTATTAGGC AAACTCCTATACGAAAAAAACGCGCTA 60

Step (KapaBiosystem;
Boston, MA, USA) according ~ 9PCR
to the manufacturer’'s pcpbH10 GCGGGGCGGGACAGAACTCT TTTCCGCGGCATTGTCCCC 64
protocol. The conditions of g4y CGGAGGGTTGAGGGGAGCG GCGCTCTGGGTCTGGCTCTG 63
reverse transcription and
oo AJAP1 GCGGCCGTCTGCAGAGCGAG CTCTGCCAGAGGCTCCGCCG 64
amplification were: 37°C
MAGI2 GCCTTCTCCCGCAATGCCC GCTCTGCGAGCGTCCTGGCG 58

for 30 s, 42°C for 5 min and
95°C for 5 min; 40 cycles of
amplification: 5 s at 95°C,
30 s at 60°C and 30 s at 72°C; melt curve: 15 s at 95°C, 1 min at 60°C and 15 s at 95°C. Reactions were
performed in QuantStudio 3 (Applied Biosystems; Foster City, CA, USA). Data were normalized using GAPDH
as an internal control and relative expression differences were calculated using the 24 method. Primers
sequences are shown in Table 1.

Protein extraction and western blotting

Total protein extraction was performed with RIPA buffer (50 mM Tris-HCl, 1 mMEDTA, 150 mM
NaCl, 1mM phenylmethylsulfonylfluoide, 1 mg/ml aprotinin, 1 mg/ml leupeptin, 1% NP-40, 0.25% sodium
deoxycholate, 10 mM NaF, 1 mM Na,MoO, and 1 mM Na,VO,, pH 7.4). Cytoplasmic protein extraction was
performed with buffer A (10 mM HEPES, pH 7.9, 10 mM KCl, 1 mM EDTA, 1 mM EGTA, 1 mM DTT, 1 mM PMSF
and 50 pg/ul complete) followed by nuclear protein extraction using buffer C (20 mM HEPES, pH 7.9, 0.4 mM
NaCl, 1 mM EDTA, 1 mM EGTA, 1 mM DTT, 1 mM PMSF and 40 pg/ul complete). Protein concentration was
determined with Bradford method and 100 pg (total proteins) or 60 pg (cytoplasmic or nuclear proteins)
were separated by SDS-PAGE and transferred to a nitrocellulose membranes. Membranes were blocked with
5% skim milk for 2 hours and incubated with primary antibodies at 4°C overnight. Primary antibodies were
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TET1 (GTX627420, 1:500) (GeneTex; Irvine, CA, USA) and (-catenin (GTX101435, 1:1000) (GeneTex; Irvine,
CA, USA). Tubulin (GTX114, 1:1000) (GeneTex; Irvine, CA, USA) and Lamin A (SC20681, 1:1000) (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) were used as a loading controls. Membranes were washed and
incubated with secondary antibodies at room temperature for 2 hours. Finally, membranes were washed
and immunoreactivity was detected by chemiluminescence using MicroChemi (DNR Bio-imaging System)
charge-coupled device (CCD) imager (DNR; MahaleHaHamisha, Jerusalem, Israel). Densitometryc analysis
was performed in the Image] software (NIH; Bethesda, Maryland, USA).

TOP/FOPflash luciferase assay report

HeLa cells (~500, 000 cells, 12-wells plates) were transiently co-transfected with 500 ng of canonical
Wnt reporter vector TOPFlash-Luc or mutant reporter vector FOPFlash-Luc (Upstate Biotechnology Inc;
Lake placid, NY, USA) and DsiHOTAIR or DsiCTRL, 48 hours after, cells were harvested and luciferase
activity was measured with Luciferase Assay System kit (Promega; Madison WI, USA) in the GloMax Multi Jr
Luminometer (Promega; Madison, W1, USA).

Methylation-specific PCR (MSP)

The methylation analysis of TET1, PCDH10, SOX17, AJAP1 and MAGI2 genes was done by MSP. Primers
sequences are shown in Table 1. Briefly, 1.5 pg of genomic DNA was modified with sodium bisulfite using
the EZ DNA Methylation-Gold™ Kit (Zymo Research; Irvine, CA, USA). MSP was performed using Amplitaq
Gold Master Mix (Applied Biosystems; Foster City, CA, USA) according to the manufacturer’s protocol.
Amplification conditions were: denaturation, 95°C for 10 min; 30 cycles of amplification: 30 s at 95°C, 30 s
at 60°C and 30 s at 72°C; a final extension of 72°C for 10 min. Densitometryc analysis was performed with
the Image] software (NIH; Bethesda, Maryland, USA).

5hmC analysis

The 5hmC analysis of PCDH10, SOX17, AJAP1 and MAGI2 genes was done with the Quest 5hmC
Detection Kit (Zymo Research; Irvine, CA, USA). Briefly, a total of 300 ng of genomic DNA was treated with
a glucosyltransferase (GT) or unglucosylate (No GT) for 6 hours. The DNA was digested with MspI (30 U)
at 37°C for 2 hours, followed by column purification with DNA Clean & Concentrator-5 (Zymo Research;
Irvine, CA, USA). Finally, 5hmC was quantified by qPCR using primers (Table 1) that flank one MsplI site
(CCGQG). The gPCR was performed with qPCR GreenMaster with UNG (Jena Bioscience; Lobstedter, Jena,
Germany) according to the manufacturer’s protocol. Amplification conditions were: 50°C for 2 min and
initial denaturation at 95°C for 2min; 40 cycles of amplification: 15 s at 95°C, 20 s at 60°C and 30 s at 72°C.
Reactions were performed in QuantStudio 3 (Applied Biosystems; Foster City, CA, USA). The 5hmC level was
calculated according previously reported [29].

Statistical Analysis

All data were analyzed in SigmaPlot 10.0 software (Jandel Scientific; San Rafael, CA, USA). Data were
presented as the mean * standard error. The p value was determined using Student’s t-test and p<0.05 was
considered as statistically significant.
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Results

Inverse expression of TET1 and HOTAIR in cervical cancer cell lines

HOTAIR promotes carcinogenesis through the deregulation of tumor suppressor genes
and oncogenes. However, its molecular mechanisms have not been fully elucidated. Several
studies have shown that HOTAIR is involved in abnormal methylation of tumor suppressor,
targetingenzymesinvolved in DNAmethylation (DNMTs). However,ithasnotbeen established
whether HOTAIR also regulates enzymes involved in demethylation (TETs). To explore the
plausible relationship between HOTAIR and TET1, 2 or 3, we determined their expression
by RT-qPCR in cervical cell lines. We found that HOTAIR expression is increased in HeLa
cells while it is diminished in C-33A and SiHa cells (Fig. 1A). In contrast, TET1 expression is
decreased in HeLa cells and increased in C-33A cells (Fig. 1B). Moreover, TET2 expression is
increased in C-33A cells (Fig. 1C) and there is no difference on TET3 expression in cervical
cell lines (Fig. 1D). In addition, we analyzed HOTAIR and TET1 expression in The Cancer
Genome Atlas (TCGA) database and found a negative correlation between HOTAIR and TET1
expression in cervical cancer samples as well as in other cancer cell lines (Supplementary
Fig. S1 - for all supplemental material see www.cellphysiolbiochem.com). These results
demonstrate that an inverse expression between HOTAIR and TET1 is present in cancer
cells, suggesting a plausible role of HOTAIR in TET1 expression.

HOTAIR knockdown increases TET1 expression

To gain insight into the involvement of HOTAIR in TET1 expression, we knocked down
HOTAIR in HeLa cells (Fig. 2A) and evaluated the TET1, 2 and 3 expression. Indeed, reduction
of HOTAIR expression, led to an increase in TET1 expression (Fig. 2B and C). This effect
is specific since neither TET2 nor TET3 mRNA levels were significantly changed in HeLa
cells (Supplementary Fig. S2A). Remarkably, it has been reported that DNA methylation of
the TET1 promoter decreases its expression in several types of cancer. Therefore, we next
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Fig. 2. HOTAIR knockdown increases the
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analyzed the effect of HOTAIR knockdown in the methylation status of the TET1 promoter.
The results are shown in Fig. 2D, a diminished methylation of the TET1 promoter is present
in the absence of HOTAIR. Additionally, we analyzed TET1 expression and methylation in
cervical cancer samples of TCGA database and found a negative correlation between TET1
expression and methylation of its promoter (Supplementary Fig. S2B and C). Taken together,
these data strongly suggest that HOTAIR downregulates TET1 expression by methylation of
its promoter in HeLa cells.

HOTAIR knockdown decreases Wnt/[3-catenin pathway in HeLa cells

HOTAIR promotes the stimulation of Wnt/B-catenin pathway while TET1 has the
opposite effect on this pathway in cancer cells. Therefore, we determined the transcriptional
activity and target genes expression of this pathway, as well as the nuclear translocation
of B-catenin upon HOTAIR knockdown. As expected, HOTAIR knockdown significantly
decreased the transcriptional activity of the canonical Wnt reporter vector TOPFlash-Luc but
not mutant reporter vector FOPFlash-Luc in HeLa cells (Fig. 3A), significantly decreased the
expression level of EDN3 and SPRY2, two of the main target genes of this pathway (Fig. 3B)
and decreased the nuclear translocation of -catenin in HeLa cells (Fig. 3C). Also, HOTAIR
knockdown does not affect the mRNA level of 3-catenin (Supplementary Fig. S3). All these
data point out that HOTAIR regulated the Wnt/B-catenin pathway, in part by promoting
[-catenin nuclear translocation.
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Fig. 3. HOTAIR knockdown decreases the activity Wnt/B-catenin signaling pathway in HeLa cells. HeLa cells
were transiently transfected with DsiCTRL or DsiHOTAIR and 500 ng of FOPFlash-Luc (mutant reporter
vector) or 500 ng of TOPFlash-Luc (canonical Wnt reporter vector) plasmids and the luciferase activity was
determined after 48 (A). mRNA level of SNAIL, EDN3, CYCD1 and SPRY2 was determined by RT-qPCR (B).
Representative inmunoblots of B-catenin expression in cytoplasm and nucleus. Tubulin and lamin 8 were
used as loading controls, cytoplasmic and nuclear respectively, below is shown the densitometry analysis
(C). The bars represent the mean * standard deviation from atleast three independent experiments. *p<0.05.
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HOTAIR knockdown increases expression of negative regulators of Wnt/f-catenin pathway

in HelLa cells

To understand the molecular mechanism by which HOTAIR knockdown decreases Wnt/
[-catenin pathway activity, we analyzed the expression of four of its negative regulators:
PCDH10, SOX17, AJAP1 and MAGI2. We found that HOTAIR knockdown increased PCDH10,
MAGI2, AJAP1 and SOX17 expression at 48 and 96 hours (Fig. 4A). Previously, it has been
reported that PCDH10, SOX17, AJAP1 and MAGI2 expression is decreased by methylation
of their promoters in cancer. Besides, HOTAIR favors the methylation of tumor suppressor
genes promoters, reducing their expression. Therefore, we analyzed the promoter
methylation patterns of these genes by MSP. We found that HOTAIR knockdown decreased
the methylation of PCDH10, SOX17 and MAGI2 gene promoters (Fig. 4B). Moreover, we
analyzed expression and methylation of PCDH10, SOX17, AJAP1 and MAGI2 in cervical
cancer samples of the TCGA database. We found a negative correlation between expression
and methylation of these genes (Supplementary Fig. S4). Together, these data suggest that
HOTAIR decreases PCDH10, SOX17, AJAP1 and MAGI2 expression by methylation of their
promoters in HeLa cells.

HOTAIR knockdown increases the levels of 5hmC in SOX17 and MAGI2 promoters

TET1 re-expression leads to the expression of some negative regulators of Wnt/(3-
catenin pathway through the increase of 5hmC in their promoters. As described above,
HOTAIR knockdown increased TET1 expression, thus we hypothesize that TET1 could be
involved in the re-expression of PCDH10, SOX17, AJAP1 and MAGI2 genes through via an
augmentation of 5ShmC content in their promoters. To this end, we analyzed the levels of
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sequence) and abinding
site for transcription
factors related to 5ShmC.
The bars represent
the mean * standard
deviation from at least
three independent
experiments. *p<0.05.
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5hmC in the regulatory regions of PCDH10, SOX17, AJAP1 and MAGI2 genes. As shown in Fig.
5, HOTAIR knockdown increases 5hmC content in SOX17 (5B) and MAGI2 (5D) genes and did
not affect significantly the level of 5ShmC in PCDH10 (5A) and AJAP1 (5C) genes. These data
demonstrate that HOTAIR knockdown increases 5hmC in SOX17 and MAGI2 promoters most
possibly, through TET1.

Discussion

HOTAIR IncRNAs has been traditionally related to the development of human cancer. In
general, ithas been assumed that this non-coding RNA reprograms chromatin organization by
relocalization of Polycomb complex and H3K27me3 [3]. TET1 downregulation and reduced
levels of specific and global 5ShmC are a common feature of human cancer [30]. The Wnt/
[-catenin signaling pathway has a critical role in development, differentiation and tissue
homeostasis [24]. Aberrantly, this signaling pathway is widely involved in several human
malignancies [25]. On the other hand, both HOTAIR and TET1 are implicated in modulation
of the Wnt/[-catenin signaling pathway [22-23, 31-32]. Also, HOTAIR specifically in HeLa
cells has an important role in cell proliferation, migration, and invasion [33-35].

In this work, we analyzed the participation of HOTAIR in TET1 expression, Wnt/[3-
catenin pathway and expression, methylation and hidroxymethylation of some negative
regulators of this pathway in HeLa cells. We found that HOTAIR knockdown decreased the
activity of Wnt/B-catenin signaling pathway. This result has already been reported in lung,
esophageal, pancreatic, gastric and ovarian human cancer [6, 8-10, 36]. It is quite possible
that the decrease of Wnt/f-catenin signaling activity is the result, at least in part, of the
TET1 re-expression, consequence of the demethylation of its promoter in the reduced levels
of HOTAIR. Consistent with our results, several studies have found that TET1 is silenced
by hypermethylation in cancer [17-21] and that it has a role as negative regulator of the
Wnt/B-catenin signaling pathway in nasopharyngeal, colorectal and ovarian human cancer
[22-23,37]. In our results, the HOTAIR knockdown increased the mRNA level of TET1 but the
demethylation of its promoter was very small. It is possible that the upregulation of TET1
also can be explained by a reduction of H3K27 methylation (repressive histone marks), a
consequence of the EZH2 relocalization via HOTAIR knockdown, as previously has been
reported [3, 38]. In this work, the HOTAIR knockdown not decreased the expression of SNAIL
and CYCD1. The SNAIL protein is over-expressed in cervical cancer and HeLa cells [39] and
CYCD1 protein is coexpressed with p16 in cervical cancer cells with HPV16 infection [40].
Previously has been reported that E6 HPV18 and YB-1 (Y box-binding protein 1) are positive
regulators of SNAIL in HeLa cells [39, 41]. In the other hand, has been reported that CYCD1
expression is indirectly modulated by miR-195, miR-2861, HPV16 and 18 in cervical cancer
cells [42-43]. The above may be the reason for the absence of a decrease in the expression of
SNAIL and CYCD1 in HeLa cells with HOTAIR knockdown.

We also found that HOTAIR knockdown increased the mRNA levels and decreased the
promoter methylation in PCDH10, SOX17, AJAP1 and MAGI2 genes (Wnt/-catenin pathway
negative regulators); events that undoubtedly contribute to the decrease of the activityof
Wnt/f-catenin signaling. In this regard, previous studies have shown that these genes can
be down-regulated by promoter methylation [44-46] in cancer and also other negative
regulators of Wnt/B-catenin pathway are inactivated by hypermethylation of its promoter
in several types of human cancer [28]. Furthermore, it has been recently reported that
TET1 suppresses the activity of Wnt/f-catenin signaling by increasing the levels of 5hmC
and decreasing 5mC in promoters of its negative regulators [22-23, 37]. In this context, we
detected that HOTAIR knockdown augmented the levels of 5ShmC in MAGI2 and SOX17, but
not in AJAP1 and PCDH10 genes. Previously, it has been reported that TET1 binds to the
SOX17 promoter, decreasing its methylation and increasing its expression in HEK293T and
embryonic stem cells [47-48]. We also found that within the MAGI2 promoter, by in silico
analysis, several TET1 putative binding sites are present adjacent to the region in which the
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5hmC content was analyzed [48]. In the case of AJAP1 and PCDH10 promoters, we did not
detect a significant increase of 5hm(, but we did find an increase of their mRNA levels and
a decrease in methylation. Thus, it is quite possible that the levels of 5hmC are increased
in promoter regions not analyzed. Another possible explanation is that TET1 is capable of
rapidly converting 5mC into 5hmC and after to 5fmC and 5cmC [49], events that make it
difficult to detect high levels of 5ShmC. Additional analysis of 5ShmC in broader regions of
these promoters are compulsory.

Conclusion

In conclusion, our results indicate that the HOTAIR promotes the activity of the Wnt/f3-
catenin signaling cascade through the increase in the methylation pattern and expression
decrease of PCDH10, SOX17, AJAP1 and MAGI2 genes that results from its involvement in
TET1 downregulation.
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