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Background:	Non-	small	cell	lung	cancer	(NSCLC)	is	a	common	malignant	tumor.	DNA	
hypermethylation in the promoter region has been served as a potential molecular 
marker for several tumors. The goal of the current study was to assess the diagnostic 
ability	of	mutL	homolog	1	(MLH1)	promoter	methylation	in	NSCLC.
Methods:	A	total	of	111	NSCLC	patients’	paired	tissue	samples	were	obtained	to	ex-
plore the association between MLH1	promoter	methylation	and	NSCLC	by	methylation-	
specific	 polymerase	 chain	 reaction	 (MSP)	 method.	 Public	 databases	 including	 The	
Cancer	 Genome	Atlas	 (TCGA)	 and	Gene	 Expression	Omnibus	 (GEO)	were	 used	 to	
verify our findings.
Results: Our results showed a significantly higher MLH1 methylation frequency in 
tumor	tissue	samples	than	their	paired	adjacent	tissues	(P = .008).	ROC	curve	indicated	
that MLH1	MSP	assay	was	a	sensitive	but	not	a	specific	method	in	the	diagnosis	for	
NSCLC	(sensitivity	=	0.964,	specificity	=	0.135,	AUC	=	0.550).	And	the	association	be-
tween the methylation level and clinical characteristics has no statistical significance. 
TCGA	cohort	evinced	a	higher	methylation	probability	in	tumor	group	compared	with	
nontumor	 group	 (the	 mean	 β	 value:	 −0.449	 [−0.467,	 −0.437]	 vs	 −0.466	 [−0.472,	
−0.437],	P = .011),	which	was	consistent	with	our	results.	Meanwhile,	an	inverse	cor-
relation between MLH1 methylation and MLH1	expression	was	detected	in	TCGA	and	
GEO databases.
Conclusions:	The	MSP	method	for	MLH1 methylation was a sensitive but not a spe-
cific	diagnostic	method	for	NSCLC.
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1  | INTRODUCTION

Lung	 cancer	 is	 the	 most	 common	 cancer	 and	 the	 leading	 cause	 of	
death in the world.1 The global mortality of lung cancer will grow up 
to 3 million in 2035.2	Non-	small	cell	lung	cancer	(NSCLC)	is	the	major	
subtype of lung cancer, accounting for 85% of lung cancer.3 The cur-
rent diagnosis of lung cancer is done by a combination of symptoms, 

signs, laboratory tests,4	and	auxiliary	imaging.5-7	Although	cytological	
diagnosis could provide physician a clear view for the diagnosis of lung 
cancer, it also missed up to half of the lung cancer.8	As	 the	 golden	
standard method, biopsy by bronchoscope, mediastinoscopy, or tho-
racentesis	was	unsuitable	in	the	screening	for	early	NSCLC.9 Most lung 
cancer patients were diagnosed at the advanced stage,10 and thus, the 
5-	year	overall	survival	remains	poor.1
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Non-	small	 cell	 lung	 cancer	 is	 a	 complex	disease	 affected	by	 the	
interactions from genetic, epigenetic, and environmental factors.11	As	
the	most	studied	epigenetic	modification,	DNA	methylation	is	a	prom-
ising tool for the early detection of lung cancer.12,13	The	mutL	homolog	
1	(MLH1)	is	one	of	the	main	members	of	mismatch	repair	(MMR)	gene	
family.14 The loss of MMR function was reported to be correlated with 
carcinogenesis.15	Previous	 studies	demonstrated	 that	aberrant	DNA	
methylation	might	increase	the	expression	of	oncogenes	and	silence	
the	expression	of	tumor	suppressor	genes	during	tumorigenesis.12

Recently, several studies reported aberrant MLH1 promoter 
hypermethylation	 in	 NSCLC	 patients.16-19 However, using MLH1 
methylation	 in	 the	 diagnosis	 for	NSCLC	was	 still	 debatable.	 In	 the	
present	study,	we	obtained	111	NSCLC	to	determine	whether	MLH1 
promoter	methylation	played	a	role	in	NSCLC	in	Han	Chinese.	Data	
mining studies were also performed to elaborate the findings in our 
study.

2  | METHODS AND MATERIALS

2.1 | Tissue samples

Formalin-	fixed,	 paraffin-	embedded	 (FFPE)	 tissues	 were	 collected	
from	111	NSCLC	patients	 in	Huzhou	People’s	Hospital,	China	 from	
August	 2010	 to	 November	 2013.	 All	 the	 patients	 were	 diagnosed	
by	 pathological	 examination.	 Histological	 classification	 was	 defined	
according to the WHO guidelines, and tumor stage was determined 
according	to	the	UICC	TNM	classification.	Age,	sex,	smoking	history,	
disease stage, tumor location, and histological type for all cases were 
extracted	from	the	medical	records.	The	Ethics	Committee	of	Huzhou	
People’s	Hospital	approved	this	study,	and	written	informed	consent	
was obtained from each participant.

2.2 | DNA extraction and bisulfite conversion

Genomic	DNA	was	isolated	from	FFPE	tissues	using	the	E.Z.N.A.TM	
FFPE	Tissue	Kit	(Omega	Bio-	Tek,	Norcross,	GA,	USA).	DNA	concen-
trations	were	tested	by	Nanodrop2000	spectrophotometer	(Thermal	
Scientific	 Co.	 Ltd.,	 Wilmington,	 DE,	 USA).	 Bisulfite	 treatment	 was	
conducted subsequently to convert unmethylated cytosine to uracil, 
while	the	methylated	one	remained	as	cytosine.	EZ	DNA	Methylation-	
Gold	Kit™	(Zymo	Research,	Orange,	CA,	USA)	was	applied	to	achieve	
this procedure.

2.3 | Methylation- specific polymerase chain reaction 
(MSP)

The	 details	 of	MSP	were	 as	 described	 previously.20 The primer se-
quences were as follows: MLH1	 methylated	 alleles,	 5′-	AACGAATT
AATAGGAAGAGCGGATAGCG-	3′	 (forward)	 and	 5′-	CGTCCCTCCC 
TAAAACGACTACCC-	3′	 (reverse);	 MLH1	 unmethylated	 alleles,	 5′-	
TAAAAATGAATTAATAGGAAGAGTGGATAGTG-	3′	 (forward)	 and	
5′-	AATCTCTTCATCCCTCCCTAAAACA-	3′	 (reverse).	PCR	conditions	
for	both	methylated	(M)	and	unmethylated	(U)	primer	pairs	comprised	

initial	denaturation	at	95°C	for	10	minutes,	followed	by	37	cycles	of	
30	seconds	denaturation	at	95°C,	45	seconds	annealing	at	55°C	and	
30	seconds	extension	at	72°C.	Then,	the	products	were	stored	at	4°C.	
PCR	products	were	subject	to	gel	electrophoresis	through	2.0%	aga-
rose	gel	stained	with	ethidium	bromide,	and	then	being	visualized	with	
UV	illumination	using	a	digital	imaging	system	(Bio-	Rad,	Hercules,	CA,	
USA).

2.4 | Data mining study

DNA	 methylation	 profiles	 (Illumina	 Human	 Methylation	 450K)	 of	
830	 NSCLC	 tissues	 (458	 adenocarcinoma	 [AC]	 and	 372	 squamous	
cell	carcinoma	[SCC])	and	77	nontumor	tissues	(34	AC	and	43	SCC)	
were	downloaded	 from	 the	Web	 site	of	Cancer	Genomics	Browser	
of	`	(UCSC;	https://genome-cancer.ucsc.edu/).	The	average	methyla-
tion	 level	 of	 four	 cytosine-	phosphate-	guanine	 (CpG)	 sites	on	MLH1 
(cg00893636,	cg21490561,	cg11600697,	and	cg23658326)	was	used	
to represent MLH1 methylation. To verify the correlation between 
MLH1	 DNA	methylation	 level	 and	mRNA	 expression,	MLH1	mRNA	
expression	 in	NSCLC	 (522	AC	 and	504	 SCC)	was	 also	 downloaded	
from	cBioPortal	database	(http://www.cbioportal.org/).	Furthermore,	
MLH1	expression	profiles	with	5-	AZA	treatment	were	collected	from	
the	 Gene	 Expression	 Omnibus	 (GEO)	 database	 (www.ncbi.nlm.nih.
gov/geo,	accession	no.	GSE32496).

2.5 | Statistical analysis

Statistical	 analysis	 was	 conducted	 with	 the	 PASW	 statistics	 18.0	
software	(SPSS,	Inc.,	Somers,	NY,	USA).	Chi-	square	test	was	used	to	
detect the methylation differences between tumor tissues and non-
tumor tissues. The diagnostic value of MLH1	methylation	for	NSCLC	
was	 evaluated	 by	 the	 receiver	 operating	 characteristics	 (ROC)	 test.	
Spearman rank test was used to calculate the correlation between 
MLH1	methylation	and	gene	expression.	Differences	were	considered	
statistically significant if P values were <.05.

3  | RESULTS

In	the	current	study,	we	recruited	111	NSCLC	patients	(38	females	
and	73	males)	 to	 investigate	 the	 role	of	MLH1 methylation in the 
diagnosis	 for	NSCLC.	The	median	age	at	diagnosis	of	our	patients	
was	64	years	 (range:	33-	82	years).	 There	were	79%	patients	with	
stage	 I	+	II	 and	 21%	 patients	 with	 stage	 III	+	IV.	 And	 61	 patients	
were	 smokers,	 and	 50	 were	 nonsmokers.	 Four	Methyl450K	 CpG	
sites	 (cg00893636,	 cg21490561,	 cg11600697,	 and	 cg23658326)	
were	located	in	the	tested	fragment	(91	bp,	hg19,	chr3:37034751-
	37034841,	Figure	1).

As	shown	 in	Figure	2,	 the	methylation	status	of	MLH1 promoter 
in	111	tumor	tissues	and	corresponding	adjacent	non-	neoplastic	lung	
tissues	were	tested	by	MSP	method.	MLH1 methylation was detected 
in	107	of	111	(96%)	NSCLC	tumor	tissues	and	96	of	111	(86%)	the	
paired adjacent nontumor tissues, respectively. There was a significant 
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difference of MLH1	methylation	between	NSCLC	tumor	 tissues	and	
adjacent	lung	tissues	(P = .008).

There	was	a	sensitivity	of	0.964,	a	specificity	of	0.135,	and	an	AUC	
of	0.550	 (0.474,	0.625)	using	MLH1 methylation in the prediction for 
NSCLC.	This	suggested	that	MLH1	MSP	assay	was	a	sensitive	but	not	
specific	method	in	the	diagnosis	for	NSCLC.	According	to	the	histological	
types, methylation of MLH1	was	detected	in	67	of	69	(97%)	AC	samples	
and	40	of	42	(95%)	SCC	samples.	Therefore,	our	results	did	not	support	
MLH1	methylation	as	a	differential	biomarker	between	AC	and	SCC.

Subsequently,	we	examined	the	correlation	between	MLH1 methyl-
ation	and	the	clinicopathological	features	of	NSCLC	patients.	And	there	
was no significant correlation between MLH1 methylation and clinical 
phenotypes	(including	gender,	age,	smoke	history,	tumor	location,	his-
tological	type,	and	clinical	stage)	in	tumor	tissues	(all	P > .05,	Table	1).

Date	extracted	from	The	Cancer	Genome	Atlas	(TCGA)	database	
also validated that MLH1 methylation levels in tumor tissues were 
higher	than	that	in	nontumor	tissues	(the	mean	β	value:	−0.449	[−0.467,	
−0.437]	vs	−0.466	[−0.472,	−0.437],	P = .011,	Figure	3).	Besides,	we	
analyzed	 the	methylation	 level	 in	AC	and	SCC	patient,	 respectively.	

Interestingly, our results showed a significant association of MLH1 
methylation	with	SCC	risk	(the	mean	β	value:	−0.468	(−0.470,	−0.464)	
vs	−0.471	 (−0.474,	 −0.470),	P < .001,	 Figure	3)	 but	 not	AC	 risk	 (the	
mean β	value:	−0.439	 (−0.445,	−0.433)	vs	−0.436	 (−0.441,	−0.431),	
P = .056,	Figure	3).	To	noted,	there	was	a	negative	correlation	between	
MLH1	 expression	 and	 MLH1	 methylation	 (AC:	 P = .008, r	=	−.124;	
SCC: P < .0001, r	=	−.296,	Figure	4).	Furthermore,	GEO	data	showed	
that there was a trend of increased MLH1	expression	 in	NSCLC	cell	
lines	 (A549,	H1993,	 and	H2073)	 after	 5′-	aza-	deoxycytidine	 (5AZA)	
treatment	(Fold	change	>1.03,	Figure	5).

4  | DISCUSSION

A	 number	 of	 studies	 found	 a	 handful	 of	 genes	with	 aberrant	DNA	
methylation in lung cancers,21-23	 implying	 a	 potential	 role	 of	 DNA	
methylation in the prediction for lung cancer. MLH1 is a tumor sup-
pressor	gene	involved	in	DNA	mismatch	repair,	which	could	correct	
the	DNA	replication.24 Therefore, genetic and epigenetic alterations 

F IGURE  1 Genomic position and 
functional annotation of the amplified 
fragment	from	University	of	California	
Santa	Cruz	genome	browser.	The	MSP	
primers	were	underlined.	F:	forward	primer;	
R: reverse primer

F IGURE  2 Representative	methylation-	
specific	polymerase	profiles	in	non-	
small cell lung cancer tumor tissues and 
their	adjacent	non-	tumor	tissues.	T:	
tumor	tissue;	N:	non-	tumor	tissue;	M:	
methylation;	U:	unmethylation
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in	this	process	might	have	wide-	ranging	biological	consequences	and	
even induce the carcinogenesis.25	Previous	studies	on	MLH1 methyla-
tion were mainly involved in endometrial cancer,26 colorectal carci-
nomas,27 as well as gastric cancer.28	As	for	the	disease	of	respiratory	
system, the deregulation of MLH1-	associated	pathways	through	pro-
moter hypermethylation was found to be linked to increased cancer 
cell migration and tumor invasiveness in laryngeal SCC.29	Additionally,	
a	 previous	 animal	 experiment	 demonstrated	 that	 DNA	 mismatch	
repair deficiency accelerated the development of lung neoplasm in 
mice.30	 In	 the	present	 study,	we	explored	 the	 relationship	between	

MLH1	methylation	and	NSCLC	in	a	Chinese	cohort	in	attempt	to	eval-
uate	it	as	a	diagnostic	biomarker	for	NSCLC.

Our study showed a significant difference of MLH1 methylation be-
tween	tumor	tissues	and	adjacent	lung	tissues.	Further	bioinformatics	
analyses confirmed MLH1 methylation was higher in malignant lung 
tissues, and found an inverse correlation of MLH1 methylation with 
its	gene	expression.	Our	study	suggested	that	MLH1 methylation had 
a	 potential	 diagnosis	 value	 for	 NSCLC.	 Our	 ROC	 test	 indicated	 that	
MLH1	MSP	method	is	a	sensitive	but	not	specific	diagnostic	method	for	
NSCLC.	Previous	studies	showed	a	panel	of	biomarkers	for	NSCLC.31-34 
Recently,	miRNA	appeared	to	be	valuable	diagnostic	candidate	biomark-
ers	which	were	employed	for	the	diagnosis	of	NSCLC	in	early	stages.35	A	
diagnostic	test	based	on	miRNA-	944	and	miRNA-	3662	showed	75.7%	
sensitivity	and	82.3%	specificity	(AUC	=	0.898)	in	distinguishing	NSCLC	
from healthy individuals.36 In addition, a panel of CDO1,	HOXA9,	AJAP1, 
PTGDR, UNCX, and MARCH11 methylation could be potential biomark-
ers	for	early	detection	of	NSCLC	with	high	sensitivity	and	specificity.37 
And	frequent	simultaneous	methylation	of	DLEC1, ITGA9, and MLH1 in 
more	than	50%	NSCLC	patients	indicated	the	possibility	of	considering	
them	as	a	panel	of	epigenetic	markers	in	NSCLC.31	Future	study	might	
be performed to evaluate aberrant MLH1 methylation as a supplemen-
tal	component	in	the	diagnostic	panel	for	NSCLC.

The	results	of	our	MSP	study	and	TCGA	data	analysis	about	MLH1 
methylation	in	historic	subtypes	of	NSCLC	(AC	and	SCC)	have	discrep-
ancy with the literature recordation. Walter et al38 have demonstrated 
that	members	of	the	DNA-	repair	pathway,	such	as	MLH1, were cor-
related significantly with lung tumors classification in German. Gomes 
et al18 found MLH1 methylation pattern seemed to vary substantially 
by	histological	type,	with	a	higher	methylation	in	SCC	in	Portuguese.	
However, Geng et al39 found no significant differences in MLH1 meth-
ylation	between	AC	and	SCC	in	Chinese	population.	Coincidentally,	in	
our	case-	control	study	in	Chinese,	MLH1 methylation difference was 
not	statistical	significance	between	AC	and	SCC.	Additionally,	TCGA	
clinical data showed that MLH1 methylation was related to SCC risk 
but	not	AC	risk.	Notably,	the	NSCLC	patients	in	TCGA	database	were	
from all over the world. Thus, we speculated that racial disparities may 
play	a	role	in	the	mixed	results	of	DNA	methylation	in	NSCLC	subtype.	
Subsequently,	more	experiments	would	be	repeated	in	different	eth-
nic groups to define the application range of our biomarker.

Tumor	suppressor	genes	(TSG)	methylation	in	the	CpG	island	has	
an	effect	on	gene	expression	silencing.40	The	mRNA	expression	data	
showed that MLH1	mRNA	 expression	was	 inversely	 correlated	with	
MLH1 methylation. Meanwhile, GEO data showed that demethylation 
with	5AZA	treatment	caused	a	trend	of	increased	MLH1	expression	in	
lung cancer cell lines. Wang et al41 found that MLH1 promoter methyl-
ation	was	inversely	related	to	mRNA	expression	and	protein	expression	
in	Taiwan	population.	Also,	a	meta-	analysis	found	that	the	decreased	
protein	expression	was	correlated	with	MLH1 promoter hypermethyl-
ation.42 However, MLH1 methylation did not correlate with MLH1	ex-
pression	 in	Portugal	population,18	Poland	population,31	and	Australia	
population.16	Hence,	population-	based	differences	might	exist	for	the	
effect of MLH1 methylation on MLH1	 expression.	Further	 studies	 in	
different populations should be performed to verify the findings. In 

F IGURE  3 Comparisons	of	mutL	homolog	1	methylation	levels	
between	non-	small	cell	lung	cancer	tumor	tissues	and	non-	tumor	
tissues.	T,	tumor	tissues;	N,	non-	tumor	tissues;	AC,	adenocarcinoma;	
SCC, squamous cell carcinoma. Statistical values and the bar were 
presented as median with interquartile range

TABLE  1 Association	between	mutL	homolog	1	promoter	
methylation	and	clinical	characteristics	in	non-	small	cell	lung	cancer	
patients

Characteristics N M/U Spearman’s r P value

Gender

Male 73 71/2 −.064 .503

Female 38 36/2

Age

≤	65 62 61/1 −.12 .29

>	65 49 46/3

Smoke history

Smoker 61 58/3 −.078 .416

Nonsmoker 50 49/1

Tumor location

Left	lung 46 45/1 −.065 .501

Right lung 65 62/3

Histological type

Squamous 
carcinoma

42 40/2 .048 .613

Adenocarcinoma 69 67/2

Clinical stage

I + II 88 85/3 −.02 .832

III	+	IV 23 22/1

N,	numbers;	M,	methylation;	U,	unmethylation.
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addition, the methylation evaluation of MLH1 was based on one region 
in	most	studies,	which	might	not	stand	for	the	whole	gene.	According	
to	our	analysis	of	public	database	(http://mexpress.be/),	MLH1	expres-
sion was not always inversely correlated with the methylation levels 
of all the CpG loci at MLH1,	especially	in	lung	AC	(Table	S1).	Thus,	the	
diversity in the studied region of MLH1 gene and the heterogeneity 
in	histological	type	might	also	explain	the	discrepancy	between	MLH1 
methylation	 and	 gene	 expression	 among	 different	 studies.	 Besides	
DNA	methylation,	other	factor	(miR-	31-	5p)	could	inhibit	directly	MLH1 
expression	 in	NSCLC	 cell	 lines.43 Thus, the complete mechanism of 
MLH1	in	NSCLC	should	be	further	explored	in	the	future.

There were some limitations in the current study. Due to the in-
sufficient	 concentration	 of	 mRNA	 and	 limited	 tissue	 samples,	 we	
were unable to carry out the correlation analysis of MLH1	expression	
with MLH1 methylation in our patients. Secondly, there was only one 

positive gene found in the present study, and more candidate genes 
should be detected and verified in future. Thirdly, limited CpG sites in a 
certain region of MLH1 were routinely selected to assess the methyla-
tion level which could not represent the methylation level of the whole 
gene, and it might be the cause of the nonconformity between MLH1 
methylation and MLH1	expression.	Finally,	further	studies	should	be	
performed	by	quantitative	MSP,	as	MSP	is	a	qualitative	approach	with	
a low sensitivity in methylation detection.42,44

In	conclusion,	the	MSP	method	for	MLH1 methylation was a sen-
sitive	 but	 not	 a	 specific	 diagnostic	method	 for	NSCLC.	And	 further	
studies should be performed to find more promising diagnostic bio-
markers	for	NSCLC.
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