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INTRODUCTION
Continuous	exposure	to	ultraviolet	(UV)	radiation	leads	to	

lesions	in	the	nuclear	and	mitochondrial	genomic	DNA	in	human	
skin	cells,	as	well	as	 to	 the	generation	of	 reactive	oxygen	species,	
thereby	 generating	 various	 deleterious	 effects,	 such	 as	 erythema,	
photoaging,	immunosuppression,	and	cancer.1	Given	that	skin	can-
cer	is	associated	with	epigenetic	changes,	a	current	concern	of	the	
scientific	community	is	how	exposure	to	solar	radiation	can	affect	
our epigenome.2	However,	studies	that	address	the	effects	of	solar	
radiation on our epigenome remain scarce and controversial.

Epigenetic changes represent the interface between the ge-
nome	 and	 the	 environment,	 and	 they	 are	 heritable	 and	 reversible,	
and	do	not	alter	 the	primary	sequence	of	 the	DNA.3	DNA	methyl-
ation	is	one	of	the	most	common	epigenetic	modifications,	and	it	is	
characterised by being able to balance stability with plasticity and 
tissue-specificity,	and	potentially	varies	with	age	and	environmental	
exposure.4,5	It	consists	of	a	covalent	modification	of	DNA	in	which	a	
methyl group (CH3)	is	transferred	from	S-adenosylmethionine	(SAM)	

to	a	cytosine	that	precedes	a	guanine	(CpG	dinucleotide).	It	is	cata-
lysed	by	a	family	of	specific	enzymes	called	DNA	methyltransferases	
(DNMTs).	 Recent	 studies	 have	 reported	 that	 aberrant	methylation	
profiles	of	gene	promoters	represent	a	major	mechanism	associated	
with	gene	inactivation,	contributing	to	the	initiation	and	progression	
of	various	diseases,	including	skin	cancer.6,7

In	 addition	 to	DNA	methylation,	 other	 epigenetic	mecha-
nisms are responsible for the integrity and regulation of gene expres-
sion	such	as:	DNA	hydroxymethylation;	methylation,	phosphoryla-
tion and acetylation of the N-terminal tails of histone proteins and 
non-coding	RNAs.6,8	5-hydroxymethylcytosine	(5-hmC)	is	generat-
ed	by	the	oxidation	of	5-methylcytosine	(5-mC)	through	the	action	
of	 TET	 (Ten-Eleven	 translocation)	 enzymes.	 5-hmC	 is	 responsible	
for regulating gene transcription over short and long terms for the 
maintenance	of	unmethylated	DNA	in	gene	promoters,	and	they	are	
considered	one	of	the	key	molecules	involved	in	the	process	of	DNA	
demethylation.9
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Cells have developed a system that involves a group of small 
non-coding	endogenous	RNAs	(known	as	microRNAs)	to	negatively	
regulate gene expression at the post-transcriptional level by degrad-
ing	or	blocking	mRNA	translation.10 It is estimated that these mole-
cules	regulate	the	expression	of	more	than	50%	of	human	genes,	and	
it	was	estimated	that	approximately	10%	of	miRNAs	are	epigeneti-
cally	regulated	by	DNA	methylation.11,12 It was reported that microR-
NAs	can	act	as	oncogenes	or	tumour	suppressors,	depending	on	the	
cell type in which they are expressed.13 The epigenetic regulation of 
microRNAs	has	been	considered	a	major	bet	of	current	research	due	
to their important roles in the silencing of genes involved in cell pro-
liferation,	differentiation,	apoptosis	and	carcinogenesis.14,15

In	particular,	 the	family	of	microRNAs	called	miR-9,	pres-
ents three independent loci in	DNA,	 including	miR-9-1 located on 
chromosome	1q22,	miR-9-2	located	on	chromosome	5q14.3	and	miR-
9-3	 located	on	chromosome	15q26.	They	are	an	 interesting	 family,	
because	their	association	with	skin	cancer	has	been	demonstrated.16 

The methylene tetrahydrofolate reductase (MTHFR)	gene	is	lo-
cated on chromosome 1 and encodes the methylenetetrahydrofolate re-
ductase	enzyme	involved	in	folate	metabolism.	MTHFR is essential for 
metabolic	pathways	generating	S-adenosylmethionine	(SAM),	which	
is	 the	most	 important	methyl	donor	 for	DNA.17 Most of the studies 
focusing on MTHFR have	considered	polymorphisms,	some	of	which	
have	shown	an	association	with	DNA	methylation	changes.18

The mechanisms governing how external factors affect the 
methylation	profiles	of	the	miR and MTHFR genes have rarely been 
explored.	However,	studies	have	shown	that	a	variety	of	environ-
mental	factors,	including	solar	radiation,	can	influence	microRNA	
expression,	suggesting	that	they	are	valuable	novel	biomarkers	for	
exposure.19,20 For the MTHFR	gene,	 it	was	shown	that	exposure	to	
arsenic	can	change	their	methylation	profile.21

In	 this	 context,	 the	 aim	 of	 this	 study	 was	 to	 investigate	
the	influence	of	sun	exposure	on	global	DNA	methylation	and	hy-
droxymethylation,	as	well	as	at	specific	sites	of	the	miR-9-1,	miR-9-3 
and MTFHR	genes,	in	subjects	with	no	history	of	skin	disease.	The	
basis	of	the	study	was	that	changes	in	epigenetic	profiles	could	be	
used	as	markers	of	changes	related	to	sun	exposure.

METHODS
Ethics statement and subject population 

This study was performed in accordance with the Ethics 
Committee	in	Research	from	Universidade	Federal	da	Paraíba,	Bra-
zil	(protocol	number	430/2011),	and	with	the	Helsinki	Declaration	
of 1975. Twenty-four corpses of both genders of individuals ranging 
from	16–89	years	of	age	at	 the	 time	of	 their	death	were	 included.	
The corpses were obtained from the Service of Death Investigation 
(SDI-	João	Pessoa,	PB,	Brazil).	Written	informed	consent	for	partic-
ipation was obtained from all families. The demographic data and 
general health of each individual were obtained via SDI records and 
transcripts to our database and did not include individuals with 
smoking	habits	or	a	medical	history	of	skin	diseases.	Skin	samples	
were	collected	and	ranked	according	to	Fitzpatrick’s	criteria	by	two	
observers	and	confirmed	by	skin	type	declaration	in	the	record	of	
each individual. 22

Sample collection and genomic DNA extraction

Skin	samples	were	collected	from	the	24	corpses	by	punch	(5-
mm	diameter)	from	the	outer	forearm	(sun-exposed	area)	and	inner	
arm	(sun-protected	area)	of	each	corpse,	up	to	10	hours	after	death.	
Immediately	after	removal,	the	samples	(epidermis	and	dermis)	were	
stored	in	a	tube	containing	800µL	of	RNAholder	(Bioagency,	São	Pau-
lo,	 SP,	Brazil)	 and	 frozen	at	−20°C	until	DNA	extraction.	After,	 the	
genomic	DNA	was	purified	using	the	TRIZOL	reagent	 (Invitrogen,	
Carlsband,	CA,	USA)	following	the	manufacturer’s	recommendation	
and	using	a	tissue	homogeniser.	DNA	quantification	was	performed	
using	a	NanoDrop	spectrophotometer	(Thermo	Scientific).	The	sam-
ples	were	then	frozen	at	−20°C until further analysis. 

 

 Global DNA methylation and hydroxymethylation quan-

tification

Global	 DNA	 methylation	 and	 hydroxymethylation	 levels	
were	 assessed	with	 an	 ELISA-based	 technique.	 Briefly,	wells	were	
coated	with	50ng	of	DNA	diluted	in	Coating	solution.	The	methylat-
ed	and	hydroxymethylated	fraction	of	DNA	was	detected	separate-
ly,	using	the	respective	capture	monoclonal	antibodies	[5-mC-	1:125	
(Merck	Millipore)	 and	 5-hmC-	 1:2000	 (Epigentek)].	 Coating,	Wash,	
Stop	and	Blocking	Solutions	and	detection	antibodies	were	provided	
by	the	Protein	Detector	Kit™	ELISA	(KPL	Inc.),	and	used	according	to	
the manufacturer’s recommendations. The optical density was read at 
405nm	using	a	microplate	reader	Multiskan	GO	™	Microplate	Spec-
trophotometer	(Thermo	Fisher	Scientific	Inc.).	The	amount	of	methyl-
ated	DNA	is	proportional	to	the	OD	intensity	measured.	The	relative	
percentage	of	global	DNA	methylation	and	hydroxymethylation	was	
derived by subtracting the optical density of the positive controls 
for	both	studied	modifications	–	methylated	or	hydroxymethylated	
DNA	(5-Methylcytosine	&	5-hydroxymethylcytosine	DNA	Standard	
Set-Zymo	 Research)	 –	 on	 the	 optical	 density	 of	 each	 sample.23 All	
analyses were performed in duplicate and the average was reported.

 DNA methylation analysis of the promoters of the miR-9-
1, miR-9-3 and MTHFR genes

DNA	methylation	 analysis	 of	 specific	 sites	was	 performed	
using	 methylation-specific	 PCR	 (MSP).	 Bisulfite	 modification	 of	
genomic	DNA	 (500ng)	was	performed	with	 the	CpGenome™	Tur-
bo	 Bisulfite	 Modification	 Kit	 (Merck	 Millipore),	 according	 to	 the	
manufacturer’s instructions. Each MSP reaction incorporated 100ng 
of	bisulfite-modified	DNA,	1µL	(10µM)	of	each	primer,	and	1	×	Go	
Taq	Hot	Start	Green	Master	Mix	 (Promega	Corporations,	Madison,	
WI,	USA)	in	a	final	reaction	of	25µL.	Fragments	were	amplified	with	
specific	 primers	 for	 either	methylated	 or	 unmethylated	 targets,	 as	
previously described.24,25	 (Table	 1).	 Methylated	 DNA	 (Methylated	
Control	DNA,	Sigma	Aldrich)	and	unmethylated	DNA	(CpGenome	
Universal	Unmethylated	DNA,	Merck	Millipore)	were	modified,	as	
previously	described,	and	amplified	by	PCR	as	control	reactions	with	
primers	 for	 the	 methylated	 and	 unmethylated	 conditions,	 respec-
tively.	All	reactions	were	performed	in	duplicate,	and	amplified	PCR	
samples	(10µL)	were	loaded	in	6%	polyacrylamide	gels	and	subjected	
to	electrophoresis.	DNA	bands	were	detected	after	silver	staining.	
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Statistical analysis

To	 evaluate	 the	 differences	 in	 DNA	 methylation	 among	
sun-exposed	and	sun-protected	skin	areas,	a	paired	non-parametric	
McNemar	test	was	used	for	specific	methylation	and	a	paired	t-test	
was used for global methylation and hydroxymethylation. Differ-
ences between methylation and hydroxymethylation levels in the 
skin	were	analysed	with	a	t-test,	while	a	Pearson	correlation	test	was	
used	for	correlation	analysis.	Additional	tests	to	evaluate	the	influ-
ence	on	age,	gender	and	skin	type	were	performed	using	t-tests	and	
ANOVA.	All	analyses	were	performed	using	Bioestat	5.0	software	
(Pará-	Brazil)	at	a	5%	level	of	significance.

RESULTS
Demographic	and	skin	type	data	are	shown	in	table	2.
Global DNA methylation and hydroxymethylation

Quantification	 of	 5-mC	 and	 5-hmC	 levels	 showed	 no	
significant	difference	between	 the	 sun-exposed	and	sun-protected	
skin	areas	 (5-mC	=	16.9	%	and	17.3%;	5-hmC	=	11.4%	and	11.3%;	 
p	>	0.05).	However,	5-mC	levels	were	higher	in	comparison	to	5-hmC	
levels	(p	<	0.0001)	in	skin	cells.	In	addition,	a	significant	correlation	
was	found	between	%methylation	and	%hydroxymethylation	(p	<	
0.0001)	 (Figure	1A).	Females	presented	a	higher	methylation	 level	
(18.4%)	 in	comparison	to	 that	of	men	(15.1%)	 (p	=	0.03),	while	no	
differences	were	observed	for	DNA	hydroxymethylation	(p	>	0.05)	
(Figure	 1B).	 In	 relation	 to	 age	 and	 skin	 type,	 no	differences	were	
observed	for	both	DNA	methylation	and	hydroxymethylation	(p	>	
0.05)	(Figure	1C	and	D).

DNA methylation at specific sites

miR-9-1- no	significant	differences	were	observed	between	
areas,	 given	 that,	 out	 of	 a	 total	 of	 17	 samples,	 only	 six	 (35.3%)	

showed differences between sun-exposed and sun-protected areas 
[2	methylated	 in	SE	 (11.8%)	and	4	methylated	 in	SP	 (23.5%)],	and	
most	(64.7%)	had	the	same	condition	for	both	areas	[7	methylated	
(41.2%)	and	4	unmethylated	(23.5%);	p	=	0.68]	(Figure	2A,	B	and	G).	

miR-9-3- no	significant	differences	were	observed	between	
areas,	 given	 that,	 out	 of	 a	 total	 of	 21	 samples,	 only	 five	 (23.8%)	
showed differences between sun-exposed and sun-protected areas 
[1	methylated	in	SE	(4.8%)	and	4	methylated	in	SP	(19%)],	and	most	
had	the	same	condition	for	both	areas	[16	unmethylated	(76.2%)	(p	
=	0.37)]	(Fig.	2C,	D	and	H).	

MTHFR- no	significant	differences	were	found	between	ar-
eas,	given	that,	out	of	a	total	of	14	samples,	only	one	(7.2%)	showed	
differences between sun-exposed and sun-protected areas (1 meth-
ylated	in	SP	and	unmethylated	in	SE),	and	most	had	the	same	condi-
tion	for	both	areas	[13	methylated	(92.8%)	(p	=	1)]	(Fig.	2E,	F	and	I).	

Figure	2	shows	the	analysis	of	the	three	genes,	emphasizing	
the	frequency	of	discordant	samples	(samples	with	different	profiles	
in	 sun-exposed	 and	 sun-protected	 areas)	 and	 concordant	 samples	
(samples	with	same	profile	in	sun-exposed	and	sun-protected	areas).

DISCUSSION
Although	UV	radiation	is	crucial	for	the	synthesis	of	vita-

min	D	in	the	skin	and	other	physiological	aspects	of	human	life,	it	
has currently been considered one of the most potent carcinogens 
to which the human population is exposed.26	Furthermore,	the	in-
tensity of ultraviolet UV sun radiation on the Earth’s surface has 
been consistently increasing and correlates with an increased inci-
dence	of	skin	cancer.27	Therefore,	the	detection	of	genomic	changes	
in	non-tumoural	cells	may	be	a	powerful	marker	to	predict	a	ma-
lignant state. 

Table 1: Primers sequences and MSP analysis conditions for miR-9-1, miR-9-3 and MTHFR genes.24,25 

Primer (5’-3’) F/R Fragment Size (bp) Anneling Temperature (°C) Cycles
110 55 (40 sec) 35

miR-9-1 tataagggtttcgtttcgtttttaac	(M)
acccgtcaccgaaaaaaa	(M)

110 60	(40	sec) 35
ggttttgttttgtttttaatgt	(U)
caaccaaaaccctaccttcaac	(U)

116 58	(1	min) 35
miR-9-3 attggtcgatttttggattgac	(M)

cgcttaaaaaacctcgaacg	(M)
116 55	(1	min) 35

gattggttgatttttggattgat	(U)
caaaacacttaaaaaacctcaaaca	(U)

180 58	(40	sec) 40
MTHFR tagatttaggtaggtgaagtagggtagac(M)

gaaaaactaataaaaaacggacgaa(M)
180 58	(40	sec) 40

tttaggtatgtgaaatagggtagatgt	(U)
caaaaaactaataaaaaaccaacaaa	(U)

*F-Forward,	R-Reverse,	M-methylated,	U-unmethylated,	MSP-	Methylation	Specific	PCR.
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Global DNA methylation and hydroxymethylation 

In	 the	present	 study,	differences	 in	global	DNA	methyla-
tion	levels	between	sun-exposed	and	sun-protected	skin	areas	were	
not	observed	(Figure	1).	Studies	investigating	the	influence	of	sun	
radiation	on	skin	cells	are	scarce	and	data	are	still	controversial.	It	
has	also	been	shown	that	the	human	keratinocytes	chronically	ex-
posed	to	UV	radiation	have	no	recognisable	global	effect	on	DNA	

methylation patterns.28	In	contrast,	in	samples	obtained	from	human	
sun-exposed	arm	areas,	the	global	DNA	hypomethylated	condition	
appeared	to	be	more	frequent	in	comparison	to	that	of	sun-protect-
ed	skin	areas,	which	was	more	pronounced	in	the	epidermis.29,30 In 
the	present	study,	it	was	not	possible	to	separate	dermis	and	epider-
mis	and,	therefore,	the	levels	of	global	DNA	5-mC	and	5-hmc	for	

Table 2: Demographic and skin type data in studied population 

DNA modification /Gene n
Age
(Mean ± SD)

Gender
(Male/Female)

Skin Type 
(number of individuals for each skin type) 

Global	DNA
methylation and hydroxymethylation

24 57,9	±	21,6 11/13 09-	type	III;	10-	type	IV;	05-	type	V

miR-9-1 17 57,8	±	20,9 7/10 06-	type	III;	07-	type	IV;	04-	type	V
miR-9-3 21 56,1	±	21,3 10/11 08-	type	III;	09-	type	IV;	04-	type	V
MTHFR 14 58,5	±	21,8 5/9 06-	type	III;	04-	type	IV;	04-	type	V

Type III:	light	brown,	type IV: moderate brown and type V:	dark	brown.	We	collected	samples	from	24	corpses,	but	some	samples	are	not	available	for	amplification	or	showed	no	frag-
ments	after	PCR	amplification,	and	were	excluded	from	the	study.	

FIGure 1:	Global	DNA	methylation	 and	 hydroxymethylation	 levels	 in	 skin	 tissues.	Data	 are	 presented	 as	mean	 and	 standard	deviation.	 
A -	Methylation	and	hydroxymethylation	among	sun-exposed	and	sun-protected	skin	areas	(p>0.05;	Paired	t	test).	Methylation	versus	hy-
droxymethylation	 in	 the	 skin	 (*p<0.0001;	 T	 test).	 Correlation	 of	methylation	 and	 hydroxymethylation	 (#p<0.0001;	 Pearson	 Correlation).	 
B -	Global	DNA	methylation	and	hydroxymethylation	between	genders	(p=0.03;	T	test).	C -	Global	DNA	methylation	and	hydroxymeth-
ylation	 among	 skin	 types	 (p>0.05;	ANOVA).	D - Global	DNA	methylation	 and	hydroxymethylation	 between	 age	 (p>0.05;	 T	 test).	 n=24,	 
SE	-	sun-exposed,	SP	-	sun-protected,	III-light	brown,	IV-	moderate	brown,	V-dark	brown.
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FIGure 2:	 DNA	 methylation	 analy-
sis	 of	 miR-9-,	 miR-9-3	 and	MTHFR	
promoters	of	skin	tissues.	A - Bands 
of	 positive	 (methylated)	 and	 nega-
tive	 (unmethylated)	 control	 DNA,	
showing	 specific	 amplification	 for	
methylated and unmethylated con-
ditions for miR-9-1. B - Bands of 
two representative samples (1 and 
2)	 obtained	 after	 polymerase	 chain	
reaction	 (110	bp).	C - Bands of pos-
itive	(methylated)	and	negative	(un-
methylated)	 control	 DNA,	 showing	
specific	 amplification	 for	 methylat-
ed and unmethylated conditions for 
miR-9-3. D - Bands of two represen-
tative	 samples	 (1	 and	 2)	 obtained	
after polymerase chain reaction (116 
bp).	 E - Bands of positive (methyl-
ated)	 and	 negative	 (unmethylated)	
control	 DNA,	 showing	 specific	 am-
plification	 for	 methylated	 and	 un-
methylated conditions for MTHFR.  
F - Bands of two representative 
samples obtained after poly-
merase	 chain	 reaction	 (180	 bp).	 
G - Methylation	 frequency	 for	miR-
9-1	 (n=17,	 p>0.05;	 McNemar).	 H - 
Methylation	 frequency	 for	 miR-9-3	
(n=21,	p>0.05;	McNemar).	 I - Meth-
ylation	frequency	for	MTHFR	(n=14,	
p>0.05;	 McNemar).	 J - Methylation 
frequency	 of	 concordant	 samples	
(samples	with	the	most	frequent	pro-
file	in	both	sun-exposed	and	sun-pro-
tected areas: methylated for miR-9-1 
and MTHFR genes and unmethylat-
ed	for	miR-9-3	gene)	and	discordant	
samples (samples with different 
profile	 in	sun-exposed	and	sun-pro-
tected	 areas).	 NC-	 negative	 control,	
PC-	positive	control,	M	-	methylated,	
U	-	unmethylated,	SE	-	sun-exposed,	
SP - sun-protected. 
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keratinocytes	and	fibroblasts	were	analysed	 together.	 In	contrast,	
we	 analysed	 samples	 of	 individuals	 that	 represent	 the	 Brazilian	
population,	classified	as	light,	moderate	and	dark	brown	(types	III,	
IV	and	V)	according	to	Fitzpatrick’s	criteria,	while	the	studies	above	
cited analysed Caucasian sample as type II. 22 This	 type	of	 skin	 is	
more	sensitive	to	the	sun	and,	therefore,	more	likely	to	undergo	epi-
genetic changes.

We	detected	differences	in	relation	to	gender	with	women,	
showing	higher	global	methylation	levels	than	men	(Figure	1).	God-
deris et al.31	observed	no	significant	differences	in	global	DNA	meth-
ylation	levels	 in	the	blood	and	saliva	between	males	and	females;	
however,	the	sample	size	was	limited	(4	males	and	10	females).	In	
relation	to	skin	tissue,	the	hypermethylation	of	CpG	sites	associated	
with female gender in women over 50 years was observed. It was 
suggested	that	menopause	would	be	involved	in	this	process,	as	it	
causes	 accelerated	 aging,	 related	 to	 estrogen	 signaling.32-34 In this 
study,	the	proportion	of	young	women	(<45)	was	lower	(n=3)	than	
older	women	(>45)	(n=10),	which	could	explain	the	observed	hyper-
methylation,	although	in	this	case	in	a	global	scale.

Furthermore,	there	were	no	detectable	differences	in	global	
methylation	levels	in	relation	to	age	and	skin	type	(Figure	1).	It	was	
already shown on a genome-scale level that aging is more associated 
with	methylation	changes	at	specific	sites	than	on	the	global	DNA	pro-
file,	which	was	more	pronounced	in	the	epidermis.29,32,35	In	contrast,	
Vandiver et al.30	 identify	changes	across	large	block	regions	encom-
passing	~	20%	of	the	genome;	however,	their	finding	of	hypomethyla-
tion	in	epidermal	tissue	occurs	only	with	chronic	exposure,	not	aging	
alone. Some authors suggested that methylation variability in aging 
were accompanied by a reduced connectivity of transcriptional net-
works.	In	the	present	study,	the	small	sample	size,	especially	of	young	
people,	and	the	inseparability	of	the	dermis	and	epidermis	may	have	
influenced	the	results,	thus	preventing	the	confirmation	of	the	above	
assumptions	for	the	epigenetics	of	skin	aging.

In	 relation	 to	 hydroxymethylation,	 to	 the	 best	 of	 our	
knowledge,	this	is	the	first	study	to	report	levels	of	global	DNA	hy-
droxymethylation	in	sun-exposed	and	sun-protected	skin	areas	and	
to	reveal	that	there	are	no	differences	between	them	(Figure	1).	Stud-
ies	focussing	on	the	influence	of	environmental	factors	on	the	global	



DNA	hydroxymethylation	profile	 are	 relatively	unexplored;	how-
ever,	a	recent	study	showed	that	exposure	to	arsenic	 is	associated	
with changes at these levels.21 The levels of 5-hmC have previously 
been	shown	to	be	an	important	hallmark	of	human	melanoma,	 in	
which there is a reduction of 5-hmC levels in comparison to that 
in mature melanocytes.36	 In	 addition,	 hydroxymethylcytosine	 is	 a	
useful	marker	 to	differentiate	between	malignant	melanomas	and	
benign melanocytic nevi. 37

In	the	present	study,	it	was	shown	that	global	DNA	methyl-
ation levels are higher in comparison to hydroxymethylation levels 
(p	<	0.0001;	Figure	1).	In	fact,	DNA	methylation	is	the	predominant	
epigenetic	modification	and,	much	like	5-mC	and	the	5-hmC,	it	is	also	
tissue-specific.38 We also detected a correlation between 5-mC and 
5-hmC	levels	in	the	skin	tissue	(p	<	0.0001;	Figure	1).	Godderis	et al.31 
observed	that	global	DNA	methylation	and	hydroxymethylation	lev-
els were correlated in saliva but not in blood. It was previously pro-
posed that the balance between 5-mC and 5-hmC levels is involved in 
the balance between cell pluripotency and lineage commitment.39 The 
correlation of the two bases support the hypothesis that the 5-hmC 
acts as an intermediary of active demethylation of 5-mC. 

It	is	known	that	both	global	and	site-specific	DNA	methyla-
tion	profiles	are	influenced	by	aging.40,41	Currently,	global	DNA	hy-
droxymethylation is being characterised as a strong and reproducible 
trademark	of	chronological	age,	potentially	acting	on	the	assessment	
of health and disease prevention.42 Truong et al.43 recently reported 
that the level of hydroxymethylation in peripheral blood T cells 
from	humans	is	dependent	on	age,	and	is	associated	with	a	gradual	
decrease	of	TET3	expression	 levels	during	aging.	However,	 in	our	
study,	we	detected	no	influence	of	age	on	DNA	global	methylation	
and	hydroxymethylation	levels	in	skin	tissue	(Figure	1).	In	relation	
to	skin	tissue,	it	was	previously	suggested	that	age-related	changes	
are	more	pronounced	at	specific	sites	than	on	the	global	DNA	profile,	
which may also be true for hydroxymethylation levels.29,32

DNA methylation at specific sites

For the miR-9-1 gene,	 our	 data	 show	 that	 the	methylated	
condition	 for	both	sun-exposed	and	sun-protected	skin	areas	was	
the	most	frequent	(41.2%);	however,	23.5%	of	the	samples	showed	
an	unmethylated	condition.	Given	the	lack	of	influence	of	sun	expo-
sure	on	this	profile,	the	differences	could	be	explained	by	age,	skin	
type	 or	 gender.	However,	 it	was	 also	 observed	 that	 age	 and	 skin	
type	did	not	influence	this	profile,	because,	for	the	methylated	sam-
ples	(41.2%)	in	individuals	ranging	from	30	to	89	years	of	age,	17.6%	
presented	skin	type	III,	11.8%	skin	type	IV	and	11.8%	skin	type	V.	

However,	gender	may	be	a	factor	that	influences	the	DNA	
methylation	profile	of	this	gene,	as	we	observed	that	the	methylated	
profile	included	29.4%	of	women	out	of	a	total	of	41.2%	of	individ-
uals.	However,	a	study	with	a	larger	sample	size	is	required	to	val-
idate this hypothesis. Our group has previously demonstrated that 
the	methylated	profile	of	miR-137	in	skin	samples	is	also	associated	
with the female gender.44 In	fact,	the	female	gender	has	proven	to	be	
positively	associated	with	DNA	methylation	for	some	genes. Here,	
we	 also	 detected	 hypermethylation	 in	 global	methylation,	 which	
could	be	associated	with	aging	(menopause),	as	discussed	above.45,46 
For	unmethylated	samples,	we	observed	that	aging,	gender	or	skin	

type	did	not	 influence	 this	profile.	Other	 intrinsic	 factors,	 such	as	
genetic polymorphisms or even a combination of several intrinsic 
factors,	could	explain	the	variability	in	methylated	and	unmethylat-
ed miR-9-1 profiles	among	the	skin	samples	of	individuals.18,47

For	samples	with	different	methylation	profiles	between	ar-
eas	(35.3%),	both	methylated	(11.8%)	and	unmethylated	(23.5%)	pro-
files	were	observed	in	sun-exposed	skin	areas.	This	suggests	that	fac-
tors	in	addition	to	sun	exposure,	such	as	exposure	to	chemical	agents,	
occupation	and	habits,	may	have	influenced	the	methylation	profile.	
However,	there	is	insufficient	information	to	validate	this	hypothesis.	

Cheng & Cho48 suggest that dermatologists are practiced 
skeptics	 of	 the	 dogma	 ‘‘one	 genome	 per	 individual”,	 given	 that	
genetic	 diversity	 within	 individuals	 is	 routinely	 revealed	 in	 skin	
cells.	For	example,	 there	are	mosaic	presentation	conditions,	 such	
as incontinentia pigmenti,	McCune-Albright	disease,	localized	lesions	
of	neurofibromatosis,	Darier	disease,	and	even	 the	abundant	nevi	
harbouring	BRAF	mutations.48 We dare to say “one epigenome per 
individual”	is	even	more	pronounced,	since	the	epigenome	is	influ-
enced	by	both	intrinsic	and	extrinsic	factors,	since	every	individual	
and	 each	 tissue/cell	 is	 exposed	 to	 different	 conditions,	 and	 since	
the combination of these factors can lead to a variety of epigenome 
profiles.	We	suggest	this	is	the	basis	for	the	miR-9-1 epigenetic pro-
file,	given	the	presence	of	four	observed	methylation	profiles,	indi-
cating that other environmental factors in addition to sun exposure 
can	 influence	 the	methylation	profile	 of	 this	 gene	 (Figure	 2).	Our	
experience	in	studying	the	epigenome	of	skin	cells	shows	that	the	
methylation	status	of	a	particular	microRNA	can	be	influenced	by	
a variety of factors in addition to sun exposure and gender. This 
is based on evidence that in addition to the four different miR-9-1 
methylation	profiles	among	the	individuals	analysed	in	the	present	
study,	 there	were	 five	 different	miR-137 methylation	 profiles	 pre-
viously observed in a sample of 30 individuals.44	Therefore,	 epig-
enome	profiles	can	vary	both	among	various	cell	types	and	within	
a	particular	individual,	which	may	then	lead	to	unique	epigenome	
profiles	associated	with	a	particular	disease	state.	This	finding	rein-
forces	the	issue	of	the	significant	influence	of	intrinsic	and	extrinsic	
factors	on	epigenetic	profiles,	and	it	should	be	used	as	a	basis	for	the	
individualization	of	drug	therapies.

Our	data	shows	that	sunlight	exposure	does	not	influence	
the	 DNA	methylation	 profiles	 of	 the	miR-9-3 and MTHFR genes 
based	 on	 the	 similar	 frequencies	 of	 the	 unmethylated	 and	meth-
ylated	conditions	 for	both	skin	areas	 for	miR-9-3 and MTHFR, re-
spectively	 (Figure	2). The	high	 frequencies	of	 those	profiles	 show	
that	age,	gender	and	skin	type	also	do	not	influence	the	methylation	
profile	 of	 these	 genes.	Although	 some	 studies	 show	a	 correlation	
with age and gender44	in	skin	tissue,	it	is	known	that	these	changes	
occur	in	a	very	specific	way,	that	is,	some	genes	are	more	susceptible	
than others to these factors. 29,32,40,44

A	 comparison	of	 the	 frequency	of	 concordant	 and	discor-
dant	 profiles	 among	 skin	 areas	 for	 the	 three	 genes	 revealed	 that	
miR-9-1 may be the most susceptible to intrinsic or extrinsic factors. 
Although	miR-9-1	 showed	no	difference	between	 skin	 type	areas,	
it	showed	the	highest	frequency	of	differences	among	sun-exposed	
and	sun-protected	skin	areas	(35.3%),	and	its	methylation	status	was	
distributed	in	four	profiles,	suggesting	that	this	gene	may	be	suscep-
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tible	to	intrinsic	or	extrinsic	factors,	including	gender.	
Furthermore,	the	methylation	analysis	for	the	miR-9-3 and 

MTHFR	genes	showed	that	unmethylated	and	methylated	DNA	is	
a	common	profile	of	skin	cells	for	these	genes	(Fig.	2H	and	I),	re-
spectively,	because	it	was	observed	in	both	areas	and	in	more	than	
70%	of	the	cases,	in	contrast	to	miR-9-1	(Figure	2).	In	contrast	to	miR-
9-1	profiles,	those	of	miR-9-3 and MTHFR showed a homogeneity 
among	cells	in	the	dermis	and	epidermis.	Therefore,	the	separation	
of the epidermis and dermis could elucidate whether or not sun ex-
posure	influences	the	methylation	profile	of	miR-9-1.

According	to	controversial	data	that	UV	radiation	can	lead	
to	 global	 methylation	 changes,	 this	 is	 also	 true	 for	 specific	 sites,	
since some studies have shown differences among sun-exposed 
and	 sun-protected	 skin	 areas,	while	 others	 have	 not.28,29,30 In rela-
tion	to	specific	sites,	the	literature	indicates	that	changes	in	the	DNA	
methylation	status	in	sun-exposed	areas	occur	in	a	specific	way	in	
the	genome,	as	it	has	already	been	shown	that	some	genes	seem	to	
change with sun exposure (CDH1 and KRT75),	and	other	genes	are	
not	 influenced	 (cell	 adhesion,	 cell	 cycle,	 cytokeratin,	 micro-RNAs	
and	matrix	metalloproteinase	genes).29,44,49	In	fact,	genes	are	not	sus-
ceptible to environmental factors of the same intensity and even the 
genes evaluated in this study may present others CpG sites that are 

more	susceptible	to	solar	radiation,	as	already	shown	in	the	case	of	
smoking	for	example.50

Inconsistencies among studies can be explained by the stud-
ied	skin	types/ethnicity	(Grönniger	et al.29 and Vandiver et al.30 stud-
ied	Caucasians	(skin	type	II),	in	contrast	with	our	studies	(previous41 
and	present),	which	were	performed	with	skin	type	III,	IV	and	V);	
population	exposure	levels	(we	do	not	know	the	dress	habits	of	the	
studied	population);	study	designs	(Grönniger	et al.29 and Vandiver 
et al.30	 separated	dermis	and	epidermis,	while	our	 research	group	
did	not;	Grönniger	et al. and Vandiver et al.30	performed	Array-based	
methylation	analysis	and	Bisulfite	sequencing,	as	compared	to	ELI-
SA	and	MSP	performed	by	our	group).

CONCLUSION
It can therefore be concluded that sun exposure does not 

influence	the	DNA	methylation	status	at	specific	sites	of	the	miR-9-1,	
miR-9-3 and MTHFR genes,	as	well	as	the	global	DNA	methylation	
and	hydroxymethylation	levels	in	individuals	with	light,	moderate	
or	brown	 skin	 types.	However,	 female-related	global	methylation	
levels	were	 detected.	 In	 addition,	 global	methylation	 levels	were	
higher	in	comparison	to	hydroxymethylation	levels,	and	the	5-mC	
and	5-hmC	levels	are	correlated	in	skin	tissues.	q
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