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Abstract
Objectives: Thrombospondin 1 (THBS1) is known to play a key role in tumor metas-
tasis,	and	aberrant	DNA	methylation	is	one	of	the	mechanisms	regulating	THBS1. The 
present study investigated whether methylated THBS1	 in	 circulating	 cell-	free	DNA	
from	preoperative	peritoneal	lavage	fluid	(PPLF)	and	peripheral	blood	could	be	used	
as	a	potential	biomarker	for	predicting	peritoneal	dissemination	in	gastric	cancer	(GC)	
patients.
Methods: The status of THBS1	methylation	was	detected	by	quantitative	methylation-	
specific	PCR	(MSP)	in	tumor	tissues,	paired	PPLF,	and	serum	from	92	GC	patients.	The	
correlation between methylated THBS1	levels	and	peritoneal	dissemination	of	GC	was	
studied,	and	its	diagnostic	value	for	predicting	peritoneal	dissemination	was	clarified	
by the receiver operating characteristic (ROC) curve.
Results: Aberrant	THBS1 methylation in tumor tissues was significantly higher than 
that in paracancerous normal tissues (p <	0.0001).	No	THBS1 methylation was found 
in	40	healthy	controls,	and	partial	methylation	was	detected	in	3	of	48	patients	with	
chronic	non-	atrophic	gastritis.	The	frequency	of	THBS1	methylation	in	pairing	PPLF	
and	serum	from	92	GC	patients	was	52.2%	(48/92)	and	58.7%	(54/92),	respectively.	
The results of methylated THBS1	 in	 pairing	PPLF	 and	 serum	were	 similar	 to	 those	
of	tumor	tissues.	Aberrant	THBS1	methylation	in	tumor	tissues	and	pairing	PPLF	or	
serum	was	closely	related	to	peritoneal	dissemination,	tumor	progression,	and	poor	
prognosis (all p < 0.0001).
Conclusion: Circulating methylated THBS1	DNAs	in	PPLF/serum	may	predict	perito-
neal	dissemination,	a	potential	poor	prognostic	factor	for	GC	patients.
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1  |  INTRODUC TION

Gastric	 cancer	 (GC)	 is	 one	 of	 the	 most	 common	 gastrointesti-
nal	 malignancies,	 severely	 threatening	 human	 health.	 According	
to the latest global cancer burden date of the World Health 
Organization's	 International	 Cancer	 Research	 Institute	 (IARC),	
there	were	4.57	million	 new	 cancer	 cases	 including	0.48	million	
GC	patients	and	3	million	cancer	deaths	including	0.37	million	GC	
patients,	which	ranks	as	the	third	in	China.1 Metastasis is the main 
cause	of	death	in	patients	with	advanced	GC.	More	than	40%	of	
GC	patients	will	have	metastasis,	which	seriously	affects	the	treat-
ment,	 and	 the	 5	 years	 survival	 rate	 is	 less	 than	 30%	 among	GC	
patients.1-	3

Peritoneal	 dissemination	 may	 exist	 in	 early	 GC,	 which	 may	
not	 be	 curative	 by	 surgical	 treatment,	 leading	 to	 poor	 prognosis.4 
Peritoneal	metastasis	is	the	most	common	event	in	recurrent	GC.5,6 
Preoperative	peritoneal	 lavage	 fluid	 (PPLF)	 cytology	 is	usually	de-
tected by Papanicolaou staining.7	 However,	 peritoneal	 metastasis	
sometimes	occurs,	even	when	cytological	examination	shows	neg-
ative.	Therefore,	it	is	necessary	to	develop	novel	technologies	or	to	
find potential tumor markers for the diagnosis of peritoneal dissemi-
nation	in	GC	patients,	which	is	also	helpful	to	improve	the	treatment	
of	patients	with	metastatic	GC.	A	series	of	biomarkers	detected	by	
reverse	 transcription-	polymerase	 chain	 reaction	 (RT-	PCR)	 in	 PPLF	
can improve peritoneal dissemination diagnosis. Common biomark-
ers include carcinoembryonic antigen (CEA),8,9 carbohydrate antigen 
125 (CA12-	5),10 cytokeratin 20 (CK20),11 epithelial cell adhesion 
molecule– specific antigen (clone one: Ber-	EP4),12 matrix metallo-
peptidase	7(MMP-	7),	13 Survivin,14	Mucin-	2	(MUC2),15	interleukin-	17	
(IL-	17),16 fatty acid binding protein 1 (FABP1),15 trefoil factor family 
1 (TFF1),15 and mammary serine protease inhibitor (MASPIN).15 Most 
diagnostic biomarkers of peritoneal dissemination are also prognos-
tic	markers.	Positivity	of	multiple	mRNA	markers	could	predict	peri-
toneal	recurrence	and	poor	outcomes	in	GC	patients	with	cytology	
negative.

Recently,	methylation-	specific	PCR	(MSP)	technology	has	been	
successfully	 used	 to	 analyze	methylation	markers	 in	 liquid	 biopsy	
specimens,	 including	PPLF	samples	 for	peritoneal	metastasis	diag-
nosis.17–	19	 Our	 previous	 studies	 suggest	 that	 DNA	methylation	 in	
PPLF	or	serum	may	be	a	potential	marker	 for	detecting	peritoneal	
dissemination	in	GC	patients.20– 25

Thrombospondin 1 (THBS1) is a subunit of the disulfide chain 
homologous trimer protein and a cohesive glycoprotein that medi-
ates	cell-	to-	cell	and	cell-	to-	matrix	interactions.	THBS1 can bind to 
fibrinogen,	fibronectin,	laminin,	type	V	collagen,	and	integrin-	V/-	1,	
which	has	been	proven	to	play	an	important	role	in	angiogenesis,	
platelet	 aggregation,	 and	 tumorigenesis.26	 However,	 the	 role	 of	
THBS1	 in	tumors	remains	somewhat	controversial.	Some	studies	
reveal that THBS1 promotes tumor cell invasion and metastasis 
in	 breast,	 gastric,	 and	 pancreatic	 cancers.27–	29	 Another	 study	
suggests that inhibition of tumor growth by THBS1 is thought to 
be associated with its antiangiogenic activity.30	Aberrant	THBS1 

methylation	was	detected	in	gastric	cardia	adenocarcinoma,	mel-
anoma,	colorectal	cancer,	and	so	on,	which	is	believed	to	promote	
tumorigenesis through its effect on angiogenesis.31– 33 In the pres-
ent	study,	we	explored	the	methylation	status	of	THBS1	in	GC	and	
its	clinicopathological	significance,	especially	the	diagnostic	value	
of methylated THBS1	DNAs	in	liquid	biopsy	samples	for	peritoneal	
dissemination.

2  |  MATERIAL S AND METHODS

2.1  |  Clinical tissue specimens and related 
information collection

The studies were performed in accordance with the Declaration of 
Helsinki	and	approved	by	the	Medical	Ethics	Committee	at	Zhejiang	
Cancer	Hospital	 (Ethical	Certification	No.	zjzlyy	 [2013]-	03–	79,	zjz-
lyy	[2015]-	02–	125,	and	zjzlyy-	IRB-	2019–	98),	and	signed	written	in-
formed consent was provided by patients and their families.

92	 histopathologically	 confirmed	 primary	 GC	 patients	 were	
included	 in	 this	 study,	 which	 were	 recruited	 in	 Zhejiang	 Cancer	
Hospital,	 Zhejiang	 Provincial	 People's	Hospital,	 and	Chunan	 First	
People's	 Hospital	 between	 January	 2008	 and	 December	 2009.	
Details	of	these	patients	are	summarized	below	(Table	1).	None	of	
these	GC	cases	received	any	treatment	prior	to	surgery.	Collected	
tumor tissue samples were confirmed by histopathological diagno-
sis	 as	 primary	 GC,	 and	 paired	 paracancerous	 histological	 normal	
tissues	(PCHNTs)	must	be	at	least	5	cm	from	the	tumor	boundary.	
PPLF	from	92	GC	patients	was	collected	in	the	operating	room,	as	
described	 previously,21,24 clarified by centrifugation at 1500 rpm 
for	10	min	at	4°C.	DNAs	from	PPLF	specimens	were	extracted	for	
analysis of THBS1	 gene	 methylation,	 and	 some	 sediments	 were	
coated on one or more glass slides and stained with Papanicolaou 
(Lafayette).	 The	 cytological	 examination	was	 performed	 by	 cyto-
pathologists	 based	 on	 the	 cell	 characteristics.	 In	 addition,	 paired	
blood	samples	were	collected	from	all	recruited	GC	patients.	As	a	
measure	of	prognosis	in	cancer	patients,	we	analyzed	disease-	free	
survival	(DFS)	in	patients	with	GC,	defined	as	the	time	from	surgery	
to	the	first	postoperative	recurrence,	or	death	by	GC,	or	a	last	con-
tact.	The	cross-	sectional	 imaging	and	serum	tumor	markers,	 such	
as CEA,	CA199,	CA72-	4,	and	pepsinogen,	were	used	to	monitor	the	
recurrence	and	metastasis	of	GC	patients.	The	follow-	up	of	all	en-
rolled	GC	patients	was	performed	periodically	until	the	end	date	of	
the project.

Besides	 that,	 antral	 mucosa	 biopsy	 specimens	 from	 88	 non-	
cancer volunteers were randomly collected by gastroscopy served as 
controls	(54	male	and	34	female;	mean	age	52.9	years).	Among	these	
volunteers,	48	patients	were	diagnosed	with	chronic,	non-	atrophic	
gastritis,	and	40	people	were	diagnosed	with	health	checkup	with-
out other digestive system diseases. Paired blood samples and re-
lated	information	were	collected	from	88	non-	cancer	volunteers.	All	
volunteers provided written informed consent.
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TA B L E  1 Clinicopathological	correlations	of	THBS1	methylation	in	GC	tissues,	paired	PPLF	and	serum

Clinicopathological
parameters Number of cases

GC tissues

χ2 p- values

PPLF

χ2 p- values

Serum

χ2 p- valuesU M U M U M

Gender

Male 53 22 31 0.087 22 31 0.002 24 29 0.324

Female 39 15 24 0.832 16 23 1.000 20 19 0.674

Age	at	diagnosis

<60 68 26 42 0.426 26 42 1.013 30 38 1.437

≥60 24 11 13 0.629 12 12 0.343 14 10 0.246

H. pylori infection

Negative 50 22 28 0.652 21 29 0.022 26 24 0.765

Positive 42 15 27 0.523 17 25 1.000 18 24 0.409

Lesion	site

Cardia 30 11 19 0.233 11 19 0.395 15 15 0.084

Body/antrum 62 26 36 0.658 27 35 0.653 29 33 0.826

Tumor	size

<5 cm 60 30 30 6.866 31 29 7.640 34 26 5.403

≥5	cm 32 7 25 0.013 7 25 0.007 10 22 0.028

Growth	type

Swell 20 11 9 2.323 12 8 3.684 13 7 3.021

Infiltration 72 26 46 0.197 26 46 0.073 31 41 0.128

Differentiation

Well/moderate 62 33 29 13.382 33 29 11.146 39 23 17.321

Poor 30 4 26 0.000 5 25 0.001 5 25 0.000

PPLF	cytology

Negative 53 32 21 21.134 33 20 22.655 37 16 24.218

Positive 39 5 34 0.000 5 34 0.000 7 32 0.000

Lymphatic	invasion

Negative 67 33 34 8.374 33 34 6.427 39 28 10.652

Positive 25 4 21 0.004 5 20 0.016 5 20 0.002

Venous	invasion

Negative 69 34 35 9.419 35 34 10.103 41 28 14.869

Positive 23 3 20 0.003 3 20 0.001 3 20 0.000

T stage

T1/T2 38 24 14 14.171 26 12 19.636 28 10 17.348

T3/T4 54 13 41 0.000 12 42 0.000 16 38 0.000

Lymph	node	metastasis

N0 46 29 17 19.937 30 16 21.700 34 12 25.091

N1-	3 46 8 38 0.000 8 38 0.000 10 36 0.000

Distant metastasis

M0 85 37 48 3.447 38 47 5.332 44 41 5.026

M1 7 0 7 0.039 0 7 0.039 0 7 0.013

Clinical stage

Stage	I/II 46 30 16 23.915 31 15 25.825 34 12 25.091

Stage	III/IV 46 7 39 0.000 7 39 0.000 10 36 0.000
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2.2  |  PCR diagnosis of Helicobacter pylori (H. 
pylori or Hp) infection

DNAs	 were	 extracted	 from	 gastric	 biopsies	 from	 88	 volunteers	
and	 tumor	 tissues	 from	 92	 GC	 patients,	 as	 described	 previously,	
with minor modifications.34	DNA	was	amplified	using	primers	spe-
cific	 for	 cytotoxin-	associated	 antigen	 A	 (CagA),	 and	 for	 H.	 pylori 
16S	ribosomal	RNA	(16S rRNA).	The	primer	sequence	of	CagA was 
as	 follows:	 forward:	 5'-	TTGACCAACAACCACAAACCGAAG-	3';	
reverse:	 5'-	CTTCCCTTAA	 TTGCGAGATTCC-	3'.35	 For	 H.	 py-
lori 16S rRNA,	 the	 forward	 sequence	 was	 as	 follows:	 Hp1-	5'-	
CTGGAGAGACTAAGCCCTCC-	3';	 Hp2-	5'-	ATTACTGACGCTG	
ATTGTGC-	3'.36 H. pylori infection is identified when one of the two 
tests is positive.

2.3  |  Quantitative MSP analysis

DNAs	were	extracted	from	gastric	biopsies	from	88	volunteers	and	
tumor	 tissues	 from	 92	 GC	 patients,	 as	 described	 previously,21– 24 
wherein the collected target cells were treated with 200 μg/ml pro-
teinase	K	 (Sigma-	Aldrich	 Inc.,	P	O	Box	355,	Milwaukee,	Wisconsin	
53201)	 at	 42°C	 for	 72	 h.	 The	DNA	 in	 serum	was	 extracted	 using	
the	 AxyPrep	 Blood	 Genomic	 DNA	Mini	 Kit	 (Axygen	 Biosciences,	
33210	Central	Avenue,	Union	City,	CA	94587).	Bisulfite	modifica-
tion	 of	 genomic	 DNAs	 was	 performed	 by	 EZ	 DNA	 Methylation-	
Gold™	 Kit	 (Zymo	 Research,	 625	 West	 Katella	 Avenue,	 Suite	 30	
Orange,	 CA	 92867–	4619)	 following	 the	 operating	 manual's	 in-
structions.	 The	 specific	 primers	 for	 the	 methylation	 and	 non-	
methylation of THBS1 gene were designed as reported previously.37 
The	primer	 sequences	of	THBS1 methylation were as follows: for-
ward:	 5'-	TTGAGTACGTTAAGGTTGCGTGGGC-	3',	 reverse:	 5'-	TA	
AAAACACTAAAACTACCAATACACCAAA-	3';	the	size	of	the	ampli-
fication product is 212 bp.37	 The	 primer	 sequences	 of	THBS1 un-
methylation	were	as	 follows:	 forward:	5'-	GGTTGAGTATGTTAAGG
TTGTGTGGGT-	3',	 reverse:	 5'-	TAAAAACACTAAAACTACCAATACA
CCAAA-	3';	the	size	of	amplification	products	is	230	bp.37 Modified 
DNA	samples	were	analyzed	by	quantitative	MSP	on	ABI7500	PCR	
(Applied	 Biosystems,	 850	 Lincoln	 Centre	 Drive,	 94404)	 by	 SYBR	
Premix	 Taq	 ExTaq	 Kit	 (TaKaRa	 Bio	 Inc.,	 Nojihigashi	 7–	4–	38).	 The	
proportion of THBS1 methylation in the samples was calculated ac-
cording to our previous reports.20– 25	 In	the	present	study,	the	cut-
off threshold for THBS1	methylation	was	set	to	20%	based	on	the	
control	normal	samples	and	the	internal	quality	controls	provided	in	
quantitative	MSP	analysis.

2.4  |  Statistical analysis

Statistical	 Product	 and	 Service	 Solutions	 (SPSS)	 23.0	 statistical	
software	(SPSS	Inc.)	was	adopted	for	all	data	analyses.	The	differ-
ence	among	groups	was	analyzed	using	the	paired	t test for nor-
mal	distribution	by	Fisher's	exact	test.	The	Kaplan-	Meier	method	

was	 adopted	 for	 survival	 analysis	 in	 patients	 with	 GC,	 and	 the	
log-	rank	 test	was	used	 for	assessing	 significance.	The	 identified	
prognostic factors were determined by univariate analysis with 
the	Cox	 regression	model	 (proportional	hazards	model),	 and	 the	
combined effects were explored by multivariate analysis with the 
Cox regression model. p-	value	<0.05 was considered statistically 
significant.

3  |  RESULTS

3.1  |  Frequency of THBS1 methylation in GC 
tissues, paired blood, and PPLF samples

The incidence of THBS1	promoter	methylation	was	first	analyzed	in	
GC	 tissues	 and	paired	 adjacent	 normal	 tissues	 and	was	 estimated	
as	 59.8%	 (55/92)	 and	 15.2%	 (14/92)	 for	 paired	 PCHNT	 tissues	
(p <	0.0001).	Also,	the	levels	of	THBS1	methylation	in	the	non-	cancer	
control group were examined. The results showed that THBS1 meth-
ylation	 was	 detected	 in	 6.3%	 (3/48)	 patients	 with	 chronic	 non-	
atrophic	gastritis,	while	no	methylation	was	detected	in	40	healthy	
individuals. The incidence of THBS1 methylation was significantly 
higher	 in	 GC	 tissues	 than	 that	 in	 the	 non-	cancer	 control	 group	
(p <	0.0001),	with	no	significant	difference	found	in	the	incidence	of	
THBS1	methylation	between	PCHNTs	and	controls	(p>0.05). These 
results suggested that THBS1 methylation may be a potential marker 
for	GC	patients.

The incidence of THBS1	methylation	was	subsequently	exam-
ined	in	paired	PPLF	and	serum	samples.	The	results	showed	that	
98.2%	(54/55)	GC	patients	with	THBS1 methylation exhibited the 
same	 alteration	 in	 their	 PPLF	DNAs,	 and	 87.3%	 (48/54)	 GC	 pa-
tients with THBS1 methylation demonstrated the identical alter-
ation	in	corresponding	serum	DNAs,	while	no	THBS1 methylation 
was	detected	 in	corresponding	PPLF	and	serum	specimens	 in	37	
GC	 patients	 with	 negative	 THBS1 methylation in tumor tissues 
(Figure	1).

Among	54	GC	patients	with	positive	THBS1	methylation	in	PPLF	
samples,	 72.2%	 (39/54)	 patients	 showed	 positive	 PPLF	 cytology,	
and	97.1%	(33/34)	patients	with	both	positive	cytology	and	THBS1 
methylation in tumor tissues showed THBS1 methylation in paired 
PPLF	samples.	The	correlation	analysis	revealed	that	THBS1 meth-
ylation	 in	 PPLF	was	 positively	 correlated	with	THBS1 methylation 
in tumor tissue (γ =	0.9673,	p < 0.0001) and THBS1 methylation in 
serum was also positively correlated with methylation in the tumor 
tissue (γ =	0.9521,	p <	0.0001)	(Figure	2).

The accuracy of methylated THBS1	DNAs	 in	PPLF	samples	 for	
the	 diagnosis	 of	 GC	 peritoneal	 dissemination	 was	 63.0%	 (34/54),	
with	a	sensitivity	of	87.2%	(34/39)	and	a	specificity	of	100%	(34/34).	
Moreover,	 the	 accuracy	 of	methylated	THBS1	DNAs	 in	 the	 serum	
samples	for	the	diagnosis	of	GC	peritoneal	dissemination	was	66.7%	
(32/48),	with	a	sensitivity	of	82.1%	(32/39)	and	a	specificity	of	100%	
(32/32).	Strikingly,	positive	PPLF	cytology	was	served	as	a	gold	stan-
dard,	and	the	diagnostic	value	of	THBS1	methylation	in	GC	tissues,	
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paired	PPLF,	and	serum	for	the	peritoneal	dissemination	of	GC	was	
determined	based	on	the	ROC	curves,	of	which	the	Aζ value of the 
ROC	 curve	was	 0.8234	 for	 tumor	 tissues	 (Figure	 3A),	 0.8331	 for	
PPLF	(Figure	3B),	and	0.8053	for	serum	(Figure	3C)	compared	with	
positive	PPLF	cytology.	The	results	showed	that	THBS1 methylation 
in	PPLF	and	serum	is	of	high	diagnostic	value	for	peritoneal	dissem-
ination,	suggesting	that	THBS1	methylation	in	liquid	biopsy	samples	
served as a novel marker for peritoneal dissemination in patients 
with	GC.

3.2  |  Level of THBS1 methylation is closely related 
to progression in GC patients

The clinicopathological correlation analysis of THBS1 methylation in 
GC	tissues,	paired	PPLF,	and	serum	was	summarized	below	(Table	1).	
Results showed that THBS1	methylation	levels	in	GC	tissues,	paired	
PPLF,	and	serum	were	significantly	associated	with	tumor	size,	his-
tological	differentiation,	 lymphatic	 invasion,	venous	 invasion,	 inva-
sive	depth,	lymph	node	involvement,	distant	metastasis,	and	clinical	

F I G U R E  1 Comparison	of	THBS1	methylation	in	GC	tissues,	paired	preoperative	peritoneal	lavage	fluid	(PPLF),	and	serum	samples	(T:	
tumor	tissues;	P:	preoperative	peritoneal	lavage	fluid	(PPLF);	and	S:	serum).	The	figure	only	showed	%	methylation	of	tumor	tissue	in	GC,	and	
Ⅰ-	Ⅳ represent the clinical staging
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staging,	respectively	(all	p <	0.05).	Specifically,	high	levels	of	THBS1 
methylation	 in	 PPLF	 and	 serum	were	 closely	 associated	 with	 the	
positive	results	predicted	by	peritoneal	lavage	cytology	(PLC),	sug-
gesting that THBS1	methylation	in	liquid	biopsy	samples	could	serve	
as	a	valuable	marker	for	peritoneal	dissemination	 in	GC.	However,	
abnormal THBS1	methylation	in	tumor	tissue	or	PPLF/serum	was	not	
associated	with	gender,	age	of	diagnosis,	H. pylori	infection,	and	le-
sion site and growth type (all p>0.05).

Among	92	GC	patients,	39	(42.4%)	showed	positive	PPLF	cytol-
ogy,	which	was	significantly	related	to	the	TNM	staging	(Table	1).	Of	
54	GC	patients	with	stage	T3/T4,	35	showed	positive	PPLF	cytology,	
with	a	positive	rate	of	64.8%.	The	positive	rate	of	cytology	in	stage	
T1/T2	was	only	10.5%	(4/38),	which	was	significantly	different	from	
that in T3/T4 stage (p <	0.0001).	Furthermore,	 the	PPLF	cytology	
positive	 rate	 was	 82.6%	 (38/46),	 significantly	 higher	 than	 that	 in	
those	with	lymph	node	negative,	whose	PPLF	cytology	positive	rate	
was	2.2%	(1/46),	indicating	a	significant	difference	between	the	two	

groups (p <	0.0001).	The	positive	rate	of	PPLF	cytology	was	100%	
in	GC	patients	with	the	M1	stage.	These	results	suggested	that	the	
positive	 rate	 of	 PPLF	 cytology	 increases	 proportionally	when	 the	
tumor invades the deep layers of the gastric wall or lymph nodes and 
when the tumor loses differentiation.

3.3  |  Circulating methylated THBS1 DNAs is 
a novel adverse prognostic factor in GC patients

Univariate analysis showed that THBS1 methylation levels in tumor 
tissues	or	PPLF	or	serum	were	significantly	associated	with	adverse	
prognosis	in	GC	(all	p <	0.0001).	Moreover,	tumor	size	(p =	0.003),	
growth type (p =	 0.004),	 histological	 differentiation	 (p <	 0.0001),	
venous invasion (p =	 0.001),	 THBS1 methylation in tumor tissues 
(p <	0.0001),	or	PPLF	(p <	0.0001),	or	serum	(p <	0.0001),	and	PLC	
positive (p <	0.0001)	were	significantly	correlated	with	DFS	of	GC	
patients	 (Table	 2).	 However,	 no	 significant	 correlation	was	 estab-
lished	between	the	DFS	of	GC	patients	and	gender	(p =	0.625),	age	
(p =	0.228),	H. pylori infection (p =	0.414),	and	tumor	site	(p =	0.783)	
(Table 2).

The	average	time	of	DFS	was	25.1	months	in	55	GC	patients	with	
THBS1	methylation	and	35.1	months	 in	37	GC	patients	with	THBS1 
unmethylation	 in	 tumor	 tissues,	 indicating	 a	 significant	 difference	
(p < 0.01). THBS1	methylation	 levels	 in	GC	 tissues,	PPLF,	or	 serum	
were	significantly	associated	with	adverse	prognosis	in	GC	and	wors-
ened with the increase in THBS1	methylation	degree	(Figure	3D–	F).

Multivariate survival analysis revealed an independent survival 
disadvantage	 in	GC	patients	with	THBS1 methylation in tumor tis-
sue,	PPLF,	or	serum	specimens	(p <	0.01)	(Table	3).	In	addition,	PLC-	
positive (p = 0.000) or growth type (p = 0.009) parameter could be 
an	independent	influencing	factor	of	prognosis	in	GC	patients	after	
surgery	 (Table	 3).	 However,	 no	 significant	 association	 was	 estab-
lished	between	DFS	of	GC	patients	and	gender	 (p = 0.664) or age 
(p = 0.381) or H. pylori infection (p = 0.920) or tumor site (p =	0.873)	
or	tumor	size	(p = 0.063) or histological differentiation (p =	0.733)	or	
venous invasion (p = 0.089) (Table 3).

4  |  DISCUSSION

The	prognosis	of	patients	with	advanced	GC	is	poor	even	after	radi-
cal surgery.1– 3 Peritoneal dissemination is the most common type 
of	 spread,	mainly	 caused	by	 the	 seeding	of	 free	 cancer	 cells	 from	
the	primary	GC.	The	peritoneum	 is	 also	 the	most	 frequent	 site	of	
recurrence	 in	 GC	 patients	 who	 underwent	 curative	 resection.5,6 
The	examination	of	free	tumor	cells	in	PPLF	in	GC	patients	revealed	
peritoneal	dissemination,	predicted	peritoneal	recurrence	and	prog-
nosis,	 and	 selected	 proper	 treatments.7,38	Currently,	 cytology	 and	
molecular biology are the two most popular methods for the detec-
tion of peritoneal dissemination.7–	25

In	 previous	 studies,	 aberrant	 DNA	 promoter	 methylation	 of	
tumor-	related	 genes	 has	 been	 identified	 in	 the	 body	 fluids	 for	

F I G U R E  2 Correlation	analysis	of	THBS1 methylation results 
between	GC	tissues	and	paired	PPLF	or	paired	serum	(A:	
correlation of THBS1	methylation	results	between	GC	tissues	
and	paired	PPLF	(γ =	0.9673,	p < 0.0001); B: correlation of 
THBS1	methylation	results	between	GC	tissues	and	paired	serum	
(γ =	0.9521,	p < 0.0001))
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peritoneal	 dissemination	 in	 GC	 patients.20– 24 Promoter methyla-
tion of THBS1	gene	has	been	studied	in	various	malignancies,	such	
as	 colorectal	 cancer,	melanoma,	 and	GC	 tissues.31– 33	Quantitative	
MSP	technology	has	high	sensitivity	and	specificity	and	can	be	used	
to	detect	the	methylation	levels	of	tumor-	related	genes	in	liquid	bi-
opsy	samples	of	tumor	patients	for	tumor	screening,	early	diagnosis,	
metastasis	warning,	recurrence	monitoring,	and	prognostic	assess-
ment.18,39	 In	 this	study,	we	did	not	 find	any	abnormal	methylation	

of the THBS1	 gene	 in	 the	 serum	 or	 PPLF	DNAs	 in	 tumor	 tissues.	
Moreover,	quantitative	MSP	can	detect	THBS1 methylation in small 
amounts	of	tumor	DNAs	in	serum	samples.

The	RT-	PCR	techniques	have	been	used	to	detect	tumor	mark-
ers	 in	 PPLF	 or	 blood	 samples	 of	 GC	 patients	 to	 evaluate	 perito-
neal dissemination. Previous studies focused on detecting several 
tumor-	specific	genes,	such	as	CEA,	CA12-	5,	CK20,	Ber-	EP4,	MMP-	7,	
Survivin,	MUC2,	 IL-	17,	 FABP1,	 TFF1,	 and	MASPIN.8– 15	 Quantitative	

F I G U R E  3 Diagnostic	value	of	THBS1	methylation	in	GC	tissues,	PPLF,	and	serum	for	the	peritoneal	dissemination	of	GC	and	its	effect	
on	patient	prognosis	(A–	C):	The	diagnostic	value	of	THBS1	methylation	in	GC	tissues,	paired	PPLF,	and	serum	for	peritoneal	dissemination	
of	GC	was	determined	by	ROC	curves,	of	which	the	Aζ	value	of	the	ROC	curve	was	0.8234	for	GC	tissues,	0.8331	for	PPLF,	and	0.8053	for	
serum	compared	with	positive	PPLF	cytology.	(D–	F):	THBS1	methylation	in	GC	tissues,	PPLF,	and	serum	correlated	with	patient	prognosis.	
Cumulative	DFS	curves	were	plotted	against	THBS1	methylation	level	in	GC	tissues	(D),	PPLF	(E),	and	serum	(F).	In	D,	E,	and	F,	Kaplan-	Meier	
analysis	was	used,	and	all	parameters	were	p < 0.0001
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MSP	method	based	on	the	detection	of	DNA	methylation	seems	to	
have	advantages	over	RT-	PCR	detection	of	gene	transcription	levels.	
The	DNA	extracted	from	tumor	tissues,	PPLF,	or	serum	samples	is	
stable	and	amplified	by	PCR	 techniques.	Abnormal	DNA	methyla-
tion	represents	a	chemically	and	biologically	stable	cancer-	specific	
biomarker that is readily detected and independent of levels of gene 
expression.40	Moreover,	quantitative	MSP	method	for	the	detection	
of	DNA	methylation	is	only	suitable	for	tumor	tissue,	PPLF,	or	serum	
specimens	with	DNA	changes,	which	also	demonstrates	the	specific-
ity	of	DNA	methylation	detection.40	On	the	other	hand,	due	to	the	
easy	degradation	of	the	mRNA,	various	factors,	such	as	the	sample	
preservation	and	the	careless	operation	of	the	researchers,	will	af-
fect	the	detection	results	of	the	mRNA.

In	 this	 study,	 the	 detection	 of	 THBS1	 methylation	 in	 GC	 was	
feasible,	 with	 highly	 consistent	 levels	 of	 THBS1 methylation de-
tected	 in	 serum,	 PPLF,	 and	 tumor	 tissues	 in	 the	 same	 patient.	 In	
addition,	 the	 status	 of	 THBS1 methylation has a high correlation 

with	 clinicopathological	 parameters;	 that	 is,	 it	 can	 predict	 perito-
neal dissemination and is more sensitive than peritoneal cytology. 
Some	studies	have	 shown	 that	THBS1 methylation is an early and 
frequent	event	in	various	tumors	that	can	occur	at	each	stage	in	the	
tumor and gradually increases as tumor progresses.31– 33 Our results 
suggested that THBS1 methylation is a new marker for the diagnosis 
of peritoneal transmission and can serve as a novel prognostic bio-
marker	for	GC	patients.	The	current	results	confirmed	that	circulat-
ing methylated THBS1	DNAs	is	a	potential	poor	prognostic	factor	in	
GC	patients.

In	conclusion,	this	was	the	first	prospective	study	of	the	epigen-
etic changes of the THBS1 gene predicting the peritoneal dissemina-
tion	in	GC	patients.	Intriguingly,	THBS1 methylation was detected in 
DNAs	extracted	from	preoperative	serum	samples	 in	GC	patients,	
which was highly consistent with THBS1 methylation results de-
tected	in	PPLF	and	tumor	tissues	in	the	same	patient.	Also,	the	de-
tection of THBS1 promoter methylation is sensitive to the peritoneal 

TA B L E  2 Univariate	survival	analysis	of	clinicopathologic	data	of	
92	GC	cases

Variables
Hazard 
ratio

95% confidence 
interval p- value

Gender

(Female/Male) 1.162 0.636– 2.125 0.625

Age

(<60/≥60) 0.638 0.307–	1.325 0.228

H. pylori infection

(Negative/Positive) 1.276 0.711–	2.289 0.414

Tumor	size

(<5	cm/≥5	cm) 2.425 1.350– 4.359 0.003

Growth	type

(swell/infiltration) 18.241 2.509– 132.612 0.004

Histological differentiation

(well and moderate/
poor)

3.470 1.915– 6.288 0.000

Lesion	site

(body and antrum/
cardia)

0.918 0.498– 1.690 0.783

Venous	invasion

(Negative/Positive) 2.834 1.546– 5.193 0.001

PLC

(Negative/Positive) 27.139 10.822– 68.058 0.000

THBS1	in	tumor	tissues

(UM/M) 7.191 3.326– 15.551 0.000

THBS1	methylation	in	PPLF

(UM/M) 7.283 3.478–	15.250 0.000

THBS1	in	serum

(UM/M) 6.627 3.186– 12.599 0.000

Abbreviations:	PLC,	Peritoneal	lavage	cytology;	PPLF,	Preoperative	
peritoneal	lavage	fluid;	M,	Methylation;	UM,	Unmethylation.

TA B L E  3 Multivariate	survival	analysis	of	clinicopathologic	data	
of	92	GC	cases

Variables
Hazard 
ratio

95% confidence 
interval p- value

Gender

(Female/Male) 1.152 0.608– 2.181 0.664

AGE

(<60/≥60) 0.705 0.323– 1.540 0.381

H. pylori infection

(Negative/Positive) 0.968 0.513–	1.827 0.920

Tumor	size

(<5	cm/≥5	cm) 1.837 0.967–	3.488 0.063

Growth	type

(Swell/Infiltration) 14.639 1.945–	110.147 0.009

Histological differentiation

(Well and moderate/
Poor)

1.132 0.556– 2.304 0.733

Lesion	site

(Body and antrum/
Cardia)

1.055 0.547–	2.036 0.873

Venous	invasion

(Negative/Positive) 1.852 0.910–	3.768 0.089

PLC

(Negative/Positive) 47.165 13.436– 165.568 0.000

THBS1	in	tumor	tissues

(UM/M) 4.377 1.880– 10.190 0.001

THBS1	methylation	in	PPLF

(UM/M) 4.015 1.923– 8.381 0.000

THBS1	in	serum

(UM/M) 3.838 1.691–	8.710 0.001

Abbreviations:	PLC,	Peritoneal	lavage	cytology;	PPLF,	Preoperative	
peritoneal	lavage	fluid;	M,	Methylation;	UM,	Unmethylation.
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dissemination	compared	with	peritoneal	cytology.	Abnormal	THBS1 
methylation was readily detected in preoperative serum samples in 
GC	patients	with	peritoneal	dissemination,	and	it	 is	therefore	con-
sidered a valuable biomarker for assessing the risk of peritoneal dis-
semination and the early diagnosis of peritoneal micrometastasis. 
All	 in	 all,	 it	 is	 potentially	 significant	 for	 evaluating	 the	high	 risk	of	
peritoneal dissemination and monitoring the clinical treatment and 
prognosis	of	GC	patients.
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