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Abstract
Background: Despite	 advances	 in	 multiple	 disciplinary	 diagnoses	 and	 treat-
ments,	 the	 prognosis	 of	 hepatocellular	 carcinoma	 (HCC)	 remains	 poor.	 Some	
evidence	has	identified	that	the	aberrant	expression	of	tropomyosins	(TPMs)	is	
involved	with	some	cancers	development.	However,	prognostic	values	of	TPMs	
in	HCC	have	not	been	thoroughly	investigated.
Methods: Original	 TPM1–	4  mRNA	 expression	 of	 TCGA	 HCC	 data	 and	 GTEx	
was	 downloaded	 from	 UCSC	 XENA.	 Oncomine	 database	 and	 GSE46408	 were	
used	for	verification.	Clinical	stages	and	survival	analysis	of	TPM1–	4	in	HCC	were	
performed	by	GEPIA2.	cBioPortal	was	utilized	to	assess	TPM1–	4 gene	alteration	
in	HCC.	TIMER2.0	was	used	for	investigating	the	relevance	of	TPM1–	4	to	tumor-	
infiltrating	immune	cells	in	HCC.	Additionally,	we	constructed	a	TPM1–	4	prog-
nostic	model	to	explore	the	value	of	TPM1–	4	for	prognostic	evaluation	in	HCC.	
LinkedOmics	was	applied	to	elucidate	TPM3	co-	expression	networks	in	HCC.
Results: This	present	study	showed	that	TPM1–	4	was	upregulated	 in	all	HCC	
tissues,	 and	 TPM3	 overexpression	 was	 correlated	 with	 poor	 survival	 outcomes	
in	patients	with	HCC.	Besides,	TPM3	amplification	was	the	main	altered	type	in	
TPM1–	4 genetic	alteration,	which	affected	 the	prognosis	of	HCC	patients.	The	
risk	model	revealed	that	TPM1,	TPM2,	and	TPM3	were	applied	to	risk	assessment	
of	HCC	prognosis,	among	which	TPM3	expression	was	significantly	higher	in	the	
high-	risk	group	than	that	in	the	low-	risk	group.	Univariate	and	multivariate	cox	
regression	analyses	indicated	that	TPM3 may	be	an	independent	prognostic	fac-
tor	of	HCC	prognosis.	In	addition,	TPM3	co-	expression	genes	mainly	participated	
in	the	cell	cycle	by	maintaining	microtubule	cytoskeleton	in	HCC	progression.	
TPM1–	4	was	associated	with	some	tumor-	infiltrating	immune	cells	in	HCC.
Conclusion: Our	study	detected	that	the	expression	level	of	TPM1–	4	was	all	re-
markably	elevated	in	HCC,	suggesting	that	TPM1–	4 may	serve	an	important	role	
in	 HCC	 development.	 High	 TPM3	 expression	 was	 found	 to	 be	 correlated	 with	
poor	 overall	 survival,	 and	 TPM3  may	 be	 an	 independent	 prognostic	 factor	 for	
HCC.
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1 	 | 	 INTRODUCTION

Primary	 liver	 cancer	 is	 the	 sixth	 most	 frequent	 malig-
nancy	and	the	third	leading	cause	of	cancer-	related	death	
worldwide,	second	only	to	lung	cancer	and	colorectal	can-
cer.1	 Hepatocellular	 carcinoma	 (HCC)	 is	 the	 dominant	
histologic	 type	 of	 liver	 cancer	 and	 accounts	 for	 around	
75%–	85%	 of	 the	 total	 liver	 cancer	 cases.2	 It	 is	 estimated	
that	there	were	approximately	900,000	million	new	cases	
of	primary	liver	cancer	and	800,000	deaths	from	primary	
liver	 cancer	 globally	 in	 2020	 according	 to	 GLOBOCAN	
2020	database.1	Statistically,	the	incidence	of	liver	cancer	
in	China	accounts	for	about	55%	of	all	worldwide	cases,	
which	is	still	a	serious	threat	to	public	health.2	Despite	ad-
vances	in	multiple	disciplinary	diagnosis	and	treatments,	
the	 prognosis	 of	 HCC	 patients	 remains	 poor	 due	 to	 the	
high	 possibility	 of	 recurrence	 and	 metastasis.3,4  Thus,	
further	exploration	for	underlying	molecular	mechanism	
may	 provide	 new	 promising	 diagnostic	 and	 therapeutic	
strategies	for	HCC.

As	 first	 described	 in	 1946,5	 tropomyosin	 (TPM)	 is	 a	
two-	chained	 α-	helical	 coiled-	coil	 actin-	binding	 protein	
that	is	widely	expressed	in	muscle	and	nonmuscle	cells.6	
Apart	from	stabilizing	the	cell	skeleton,7 TPM	has	been	
also	 confirmed	 to	 participate	 in	 some	 physiologic	 pro-
cesses	like	cytoplasmic	division,	cell	motility,	cell	apop-
tosis,	 and	 signal	 transduction.8	 At	 present,	 four	 TPM	
genes	have	been	 identified	 in	mammals,	named	TPM1,	
TPM2,	 TPM3,	 and	 TPM4.9	 Previous	 studies	 show	 that	
TPM	mutation	in	muscle	cells	is	associated	with	a	variety	
of	 muscle	 diseases	 including	 familial	 hypertrophic	 car-
diomyopathy,10 myasthenia	gravis,11	and	arteriosclerosis	
obliterans.12	 In	 addition,	 abnormal	 expression	 of	 TPM	
has	 been	 reported	 to	 involve	 with	 tumorigenesis	 and	
tumor	progression.13 TPM1	is	regarded	as	a	 tumor	sup-
pressor	and	overexpression	of	TPM1	can	 induce	cancer	
cell	apoptosis	in	the	progression	of	cancer.14 TPM2 may	
be	a	biomarker	candidate	for	some	cancers.	Several	stud-
ies	demonstrated	that	TPM2	is	downregulated	in	human	
esophageal	 squamous	 cell	 carcinoma15	 and	 colorectal	
cancer,16	 whereas	 it	 is	 upregulated	 in	 ovarian	 cancer17	
and	breast	 cancer.18 The	upregulation	of	TPM3	was	 re-
ported	 to	 participate	 in	 the	 development	 of	 liver	 can-
cer.19 Moreover,	the	TPM3 gene	can	fuse	with	ALK	and	
NTRK1 gene	through	translocation	to	induce	the	occur-
rence	of	inflammatory	myofibroblastoma20	and	papillary	
thyroid	carcinoma.17	These	results	suggest	that	TPM3	is	a	
pro-	tumor	factor	in	some	cancers.	Like	the	role	of	TPM2	

in	cancers,	upregulated	TPM4	expression	is	found	to	pro-
mote	hepatic	carcinogenesis21	and	suppress	tumorigene-
sis	of	colon	cancer.22

Previous	studies	have	identified	the	key	role	of	TPM1–	4	
in	some	cancers,	especially	 the	 role	of	TPM3	and	TPM4	
in	 HCC	 development.	 However,	 prognostic	 values	 of	
TPM1–	4	 in	HCC	have	not	been	 thoroughly	 investigated.	
In	this	study,	we	aim	to	systematically	analyze	the	correla-
tion	of	TPM1–	4	with	clinic	pathologic	features	and	prog-
nosis	in	patients	with	HCC.

2 	 | 	 METHODS

2.1	 |	 Original data sources

The	 procedures	 used	 in	 our	 study	 are	 illustrated	 in	 the	
flow	chart	as	shown	in	Figure 1.	Original	TPM1–	4 mRNA	
expression	 of	 TCGA	 HCC	 data	 and	 GTEx	 was	 down-
loaded	from	UCSC	XENA	(https://xenab	rowser.net/datap	
ages/).	 The	 human	 tumor	 samples	 were	 acquired	 from	
the	TCGA	database,	and	human	normal	samples	were	ob-
tained	from	TCGA	and	GTEx	database.	Furthermore,	the	
public	database	Oncomine	(https://www.oncom	ine.org/)	
and	 GSE46408	 were	 downloaded	 from	 Gene	 Expression	
Omnibus	 (GEO:	 https://www.ncbi.nlm.nih.gov/geo/)	
were	used	for	verification.

2.2	 |	 GEPIA2

GEPIA2	 (http://gepia2.cance	r-	pku.cn/#index)	 is	 used	 to	
integrate	the	clinical	data	acquired	from	9736	tumors	and	
8587	 normal	 samples	 from	 TCGA	 and	 GTEx	 projects.23	
Clinical	 stages	 and	 survival	 analysis	 were	 conducted	
through	the	“Expression	Analysis”	module.	The	survival	
results	 were	 shown	 by	 Kaplan–	Meier	 (KM)	 curves	 with	
hazard	ratios	and	p	values	from	a	log-	rank	test.	The	cutoff	
p	value	was	set	as	0.05	in	Student's	t	test.

2.3	 |	 cBioportal

The	 cBioPortal	 (http://cbiop	ortal.org)	 is	 an	 open-	access	
comprehensive	 web	 resource	 that	 can	 be	 used	 to	 inter-
actively	 explore	 and	 visualize	 multidimensional	 cancer	
genomics	 data	 sets.24	 We	 utilized	 cBioPortal	 to	 assess	
genomic	 profiles	 of	 TPM1–	4	 in	 HCC	 including	 genes	
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correlations,	 gene	 mutations,	 putative	 copy	 number	 al-
terations	 from	 GISTIC,	 and	 mRNA	 Expression	 z-		 scores	
(RNASeq	 V2	 RSEM)	 with	 a	 z	 score	 threshold	 of	 ±1.8,	
Pearson's	correction	was	included.	In	addition,	the	asso-
ciation	of	genetic	alterations	in	TPM1–	4	with	disease-	free	
survival	(DFS),	progression-	free	survival	(PFS),	and	over-
all	survival	(OS)	of	HCC	patients	was	investigated	using	
the	cBioPortal	tool.	The	p	value	of	<0.05	was	considered	
statistically	significant.

2.4	 |	 Construction of TPM 
prognostic model

Univariate	 and	 multivariate	 Cox	 regression	 analy-
ses	 were	 performed	 to	 identify	 the	 prognostic	 value	 of	
TPM1–	4	 in	 HCC.	 The	 prognostic	 feature	 of	 TPM1–	4	
was	further	assessed	by	LASSO	Cox	regression,	and	the	
most	 useful	 prognostic	 biomarkers	 were	 selected	 using	
the	“glment”	package	 in	R	software	with	10-	fold	cross-	
validation	 in	 order	 to	 generate	 the	 minimum	 cross-	
validated	error.25,26	Thereafter,	the	risk	score	model	was	
conducted	by	integrating	candidate	genes	regression	co-
efficients.	The	risk	score	was	calculated	by	the	following	
formula:	

∑

iCoefficient (mRNAi) × expression (mRNAi).	
Akaike	information	criterion	(AIC)	was	used	to	further	
verify	the	role	of	TPM1–	4	in	HCC.	The	KM	curves	were	
employed	 to	 evaluate	 the	 association	 of	 different	 risk	
score	 groups	 with	 the	 OS	 of	 HCC.	 The	 p	 value	 of	 KM	
survival	curves	was	calculated	by	log-	rank	tests.	The	area	
under	the	receiver	operating	characteristic	curve	(AUC)	
was	used	to	estimate	the	predictive	efficiency	of	the	risk	
score	model	in	HCC.	Statistical	significance	was	consid-
ered	at	the	level	of	p < 0.05.

2.5	 |	 LinkedOmics

LinkedOmics	database	(http://www.linke	domics.org)	is	a	
publicly	 available	 website	 for	 the	 comprehensive	 analy-
sis	of	multi-	omics	data	from	TCGA.27	The	correlation	of	
TPM3	 with	 differentially	 expressed	 genes	 in	 HCC	 was	
analyzed	 statistically	 using	 Pearson's	 correlation	 coeffi-
cient	through	“Linked	Finder”	module	of	LinkedOmics.	
In	addition,	Gene	Ontology	(GO,	Biological	Process)	and	
Kyoto	 Encyclopedia	 of	 Genes	 and	 Genomes	 (KEGG)	
pathways	of	TPM3	co-	expression	genes	in	HCC	were	con-
ducted	by	Gene	Set	Enrichment	Analysis	(GSEA)	through	
“LinkInterpreter”	module	of	LinkedOmics.28

2.6	 |	 Tumor- infiltrating immune cells 
in HCC

We	utilize	the	CIBERSORT	algorithm	to	make	reliable	im-
mune	infiltration	estimations.29	SIGLEC15,	TIGIT,	CD274,	
HAVCR2,	 PDCD1,	 CTLA4,	 LAG3,	 and	 PDCD1LG2	 were	
selected	to	be	immune	checkpoint–	relevant	transcripts,	and	
the	expression	values	of	 these	eight	genes	were	extracted.	
The	analysis	method	and	R	package	were	implemented	by	
the	R	 foundation	 for	 statistical	computing	 (2020),	version	
4.0.3,	and	software	packages	ggplot2	and	pheatmap.	Besides,	
we	used	Spearman's	correlation	analysis	to	describe	the	cor-
relation	 between	 TPM1–	4	 and	 tumor	 mutational	 burden	
(TMB)	or	microsatellite	instability	(MSI).	A	p	value	of	<0.05	
was	considered	statistically	significant.	As	an	updated	ver-
sion	of	TIMER,	TIMER2.0	(http://timer.cistr	ome.org/)	is	a	
freely	available	web	server	that	provides	a	comprehensive	
analysis	of	tumor-	infiltrating	immune	cells	in	more	than	30	
cancer	types.30	Here,	we	assessed	the	relevance	of	TPM1–	4	

F I G U R E  1  Flowchart	of	the	study	
procedures
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to	immune	cells	including	B	cell,	CD4+	T	cell,	CD8+	T	cell,	
macrophage,	neutrophil,	and	dendritic	cell	in	HCC.

3 	 | 	 RESULTS

3.1	 |	 TPM1– 4 mRNA expression levels in 
HCC

First,	we	assessed	the	expression	of	TPM1–	4	in	HCC	from	
the	TCGA	and	GTEx	databases.	Remarkably,	TPM1–	4	ex-
pression	was	all	higher	in	HCC	tissues	in	comparison	with	
that	in	normal	tissues	(Figure 2A).	Meanwhile,	we	inves-
tigated	 the	 correlation	 between	 TPM1–	4	 and	 the	 clini-
cal	stage	 in	HCC	patients	 (Table S1).	GEPIA2	analytical	
results	 indicated	 that	 TPM4  groups	 significantly	 varied,	
whereas	TPM1,	TPM2,	and	TPM3 groups	did	not	markedly	
differ	(Figure 2B).	Furthermore,	we	validated	the	mRNA	
expression	of	TPM1–	4	in	HCC	from	the	Oncomine	data-
base	and	GSE46408.	The	results	confirmed	that	TPM1–	4	
expression	 was	 all	 elevated	 in	 HCC	 tissues	 (Figure  S1).	
KM	survival	analysis	displayed	high	mRNA	expression	of	
TPM3	was	notably	related	to	worse	OS	of	HCC	patients.	
However,	there	were	no	associations	between	the	mRNA	
expression	of	TPM1,	TPM2,	TPM4,	and	OS	(Figure 3).

3.2	 |	 Genetic alteration of TPM1– 4 
in HCC

Next,	 we	 explored	 genetic	 variations	 of	 TPM1–	4	 in	 348	
HCC	 patients	 using	 the	 cBioportal	 database	 (TCGA,	
PanCancer	Atlas).	The	results	demonstrated	genetic	vari-
ations	of	TPM1–	4	occurred	in	129	(37%)	of	queried	HCC	
patients,	 mRNA	 high	 and	 amplification	 were	 the	 most	
common	 altered	 types.	 Besides,	 the	 percentages	 of	 ge-
netic	 variations	 ranged	 from	 2.9%	 to	 28%	 for	 individual	
genes	 (TPM1,	 2.6%;	 TPM2,	 6%;	 TPM3,	 26%;	 TPM4,	 6%)	
(Figure  4A).	 Genetic	 alteration	 of	 TPM1–	4	 was	 shown	
to	 be	 correlated	 with	 worse	 PFS	 (p  =  0.0258)	 and	 OS	
(p = 0.004)	of	patients	with	HCC.	However,	there	was	no	
significant	difference	in	DFS	(p = 0.06)	(Figure 4B).

3.3	 |	 Prognostic values of TPM1– 4 
in HCC

Subsequently,	we	evaluated	the	potential	prognostic	role	
of	TPM1–	4	in	HCC	by	constructing	a	risk	score	model.	And	
the	clinical	information	of	each	patient	was	collected	in	
Table S2,	which	contains	age,	sex,	TNM	stage,	therapeutic	
regimen,	drug	use,	OS,	and	so	on.	The	risk	score	for	each	

F I G U R E  2  TPM1-	4	expression	in	HCC.	(A)	TPM1–	4	expression	in	HCC	tissues	and	normal	tissues	from	TCGA	and	GTEx	data	
(***p < 0.001).	(B)	The	correlation	between	TPM1–	4	and	clinical	stage	in	HCC	patients	(GEPIA2).	HCC,	hepatocellular	carcinoma;	TPM,	
tropomyosin

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46408
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patient	was	calculated	based	on	the	following	equation:	
Risk score = ( − 0.1403) × TPM1 + (0.0605) × TPM2 + (0.5424) × TPM3.			
The	 analysis	 results	 exhibited	 the	 survival	 time	 of	 pa-
tients	 gradually	 decreased	 with	 the	 gradual	 increase	
of	 risk	 score.	 And	 the	 expression	 of	 related	 genes	 was	
shown	 in	 heat	 maps	 (Figure  5A).	 KM	 survival	 curve	
demonstrated	 patients	 with	 high-	risk	 scores	 were	 cor-
related	with	worse	OS	(Figure 5B).	The	areas	under	the	
ROC	 curve	 were	 0.753	 (1-	year	 OS),	 0.652	 (3-	year	 OS),	
and	 0.614	 (5-	year	 OS),	 demonstrating	 the	 prognosis	
prediction	effectiveness	of	this	risk	model	(Figure 5C).	
Additionally,	 we	 evaluated	 the	 performance	 of	 tumor	
stage	and	TNM	at	these	three	time	points,	respectively.	
The	 AUC	 of	 tumor	 grade	 corresponding	 to	 1,	 3,	 and	

5  years	 was	 0.487,	 0.537,	 and	 0.59	 (Figure  S2A).	 The	
AUC	of	the	TNM	stage	corresponding	to	1,	3,	and	5 years	
was	0.671,	0.676,	and	0.641	(Figure S2B).	Moreover,	we	
further	explored	the	role	of	TPM1–	4	in	HCC	according	
to	the	AIC.	The	results	showed	that	the	combination	of	
TPM1	and	TPM3 has	relatively	 lower	AIC	values	com-
pared	with	other	combinations	(Table S3).	Subsequently,	
we	 calculated	 the	 AUC	 of	 the	 top	 two	 combinations.	
The	 areas	 under	 the	 ROC	 curve	 of	 TPM1	 and	 TPM3	
were	0.744	(1-	year	OS),	0.662	(3-	year	OS),	and	0.611	(5-	
year	OS)	(Figure S3A).	The	areas	under	the	ROC	curve	
of	 TPM1,	 TPM3,	 and	 TPM4	 were	 0.746	 (1-	year	 OS),	
0.66	 (3-	year	 OS),	 and	 0.612	 (5-	year	 OS)	 (Figure  S3B).	
The	above	data	demonstrated	 the	prognosis	prediction	

F I G U R E  3  The	correlation	between	TPM1–	4	and	OS	in	HCC	(GEPIA2).	HCC,	hepatocellular	carcinoma;	OS,	overall	survival;	TPM,	
tropomyosin
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effectiveness	 of	 this	 risk	 model	 (TPM1,	 TPM2,	 and	
TPM3).	 The	 correlation	 analysis	 displayed	 significant	
and	 positive	 correlations	 between	 TPM1	 and	 TPM2,	
TPM1	 and	 TPM4,	 TPM2	 and	 TPM3,	 TPM2	 and	 TPM4,	
and	TPM3	and	TPM4	(Figure 6A).	Besides,	we	observed	
that	 clinical	 stage	 (pTNM)	 and	 TPM3	 are	 significantly	
correlated	 with	 the	 OS	 of	 HCC,	 which	 implied	 lower	
clinical	 stage	 and	 decreased	 TPM3	 expression	 may	 be	
independent	prognostic	factors	of	a	favorable	prognosis	
(Figure 6B).

3.4	 |	 TPM3 co- expression networks 
in HCC

The	above	data	 suggested	TPM3 may	play	a	key	 role	 in	
HCC	development,	thus	we	utilized	LinkedOmics	to	ana-
lyze	the	co-	expressed	genes	of	TPM3	in	371	HCC	patients.	
There	were	13,260 genes	(red	dots)	positively	correlated	
with	TPM3,	and	6661 genes	(green	dots)	negatively	corre-
lated	with	TPM3	(Figure 7A).	The	heat	map	demonstrated	
50 significant	genes	positively	and	negatively	correlated	
with	 TPM3	 (Figure  7B,C).	 Significant	 GO	 term	 annota-
tion	was	carried	out	by	GSEA.	And	TPM3	co-	expression	
genes	 mainly	 participated	 in	 chromosome	 segregation,	
microtubule	cytoskeleton	organization	involved	in	mito-
sis,	spindle	organization,	and	cell	cycle	checkpoint,	while	

fatty	 acid	 metabolic	 process,	 small	 molecular	 catabolic	
process,	 peroxisomal	 transport,	 mitochondrial	 respira-
tory	chain	complex	assembly,	and	peroxisome	organiza-
tion	were	inhibited	(Figure 8A).	KEGG	pathway	analysis	
manifested	these	genes	were	primarily	involved	with	cell	
cycle,	 DNA	 replication,	 spliceosome,	 mismatch	 repair,	
and	RNA	transport	(Figure 8B).

3.5	 |	 Association between TPM1– 4 and 
tumor- infiltrating immune cells in HCC

In	 the	 last	 decade,	 an	 increasing	 amount	 of	 data	 has	
pointed	to	a	key	role	for	tumor-	infiltrating	lymphocytes	
in	human	cancers.31	Thus	we	estimated	the	score	distri-
bution	of	tumor-	infiltrating	immune	cells	in	HCC	using	
CIBERSORT	 algorithm	 and	 the	 results	 were	 shown	 in	
Figure  9.	 Besides,	 most	 immune	 checkpoints-	related	
genes	 expression	 were	 significantly	 upregulated	 in	
HCC	 tissues	 compared	 with	 that	 in	 normal	 tissues	 ex-
cept	for	LAG3	and	PDCD1LG2	(Figure S4).	Spearman's	
correlation	 analysis	 results	 showed	 that	 the	 associa-
tion	 between	 TPM4	 and	 TMB	 (partial-	cor  =  −0.27,	
p < 0.001)	were	comparably	low	(Figure S5),	and	there	
is	no	significant	association	between	TPM1–	4	and	MSI	
(Figure S6).	Afterward,	we	studied	the	relationship	be-
tween	TPM1–	4	and	 tumor-	infiltrating	 immune	cells	 in	

F I G U R E  4  Genetic	alteration	of	TPM1–	4	in	HCC.	(A)	Frequency	of	gene	alterations	in	TPM1–	4	in	HCC.	(B)	Genetic	alterations	in	
TPM1–	4	were	related	to	shorter	PFS	(p < 0.05)	and	OS	(p < 0.01)	of	HCC	patients,	no	significant	differences	in	DFS.	DFS,	disease-	free	
survival;	HCC,	hepatocellular	carcinoma;	OS,	overall	survival;	PFS,	progression-	free	survival;	TPM,	tropomyosin
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HCC	 using	 the	 TIMER2	 database.	 Our	 results	 demon-
strated	 that	 the	 expression	 of	 TPM2	 and	 TPM4	 were	
negatively	 correlated	 with	 tumor	 purity	 (p  <  0.05)	 in-
dicating	 highly	 expression	 in	 HCC	 microenvironment.	
Moreover,	 the	 association	 between	 B	 cell	 and	 TPM3	
(partial-	cor =0.432,	p < 0.001),	CD4+	T	cell	and	TPM2	
(partial-	cor =0.417,	p < 0.001),	CD8+	T	cell	and	TPM4	
(partial-	cor =0.182,	p < 0.001),	dendritic	cell	and	TPM4	
(partial-	cor  =0.615,	 p  <  0.001),	 neutrophil	 and	 TPM4	
(partial-	cor  =0.36,	 p  <  0.001),	 macrophage	 and	 TPM4	
(partial-	cor  =0.487,	 p  <  0.001),	 macrophage	 M1	 and	
TPM2	(partial-	cor =0.255,	p < 0.001),	macrophage	M2	
and	TPM3	(partial-	cor = −0.468,	p < 0.001),	and	cancer-	
associated	 fibroblast	 and	 TPM2	 (partial-	cor  =0.311,	
p < 0.001)	were	comparably	high	(Figure 10).

4 	 | 	 DISCUSSION

Over	 the	 past	 decade,	 there	 have	 been	 great	 advance-
ments	 in	 clinical	 diagnosis	 and	 management	 for	 HCC.	
Although	 imaging	 examinations	 such	 as	 ultrasound,	

computed	 tomography,	 magnetic	 resonance	 imaging,	
and	 serum	 alpha-	fetoprotein	 have	 been	 widely	 applied	
to	surveillance	of	HCC,	the	early	diagnosis	rate	of	HCC	
is	 still	 not	 high.32	 Currently,	 surgical	 resection	 is	 the	
primary	 treatment	 modality	 for	 HCC,	 combined	 with	
chemotherapy,	radiotherapy,	molecule	targeted	therapy,	
interventional	 therapy,	 and	 Chinese	 medicine	 treat-
ment.33	Despite	the	progress	in	comprehensive	treatment	
techniques,	 the	 prognosis	 of	 HCC	 remains	 poor	 with	 a	
5-	year	survival	 rate	of	<20%	which	 is	mainly	attributed	
to	a	high	recurrence	rate.3,34	Therefore,	it	is	necessary	to	
search	for	potential	biomarkers	to	improve	the	prognosis	
of	patients	with	HCC.

Physiologically,	 the	 actin	 cytoskeleton	 plays	 a	 crucial	
role	in	the	cellular	process	involving	cell	proliferation,	mi-
gration,	apoptosis,	and	differentiation.35–	37	Altered	expres-
sion	of	actin-	binding	proteins	can	result	in	dysregulation	
of	the	actin	cytoskeleton,	which	is	associated	with	onco-
genic	 transformation.38,39	 The	 cytoskeletal	 tropomyosins	
belong	to	actin-	binding	proteins	and	can	stabilize	actin	fil-
aments	during	the	process	of	actin	assembly.40	Although	
dysregulation	of	TPM1–	4	expression	may	be	related	to	the	

F I G U R E  5  The	prognostic	values	of	the	risk	model	in	HCC.	(A)	The	risk	score	of	HCC	patients	in	high-		and	low-	risk	groups,	the	
related	genes	expression	was	shown	in	heat	maps.	(B)	Kaplan–	Meier	survival	curve	demonstrated	that	patients	with	high-	risk	scores	were	
correlated	with	worse	overall	survival.	(C)	The	ROC	curve	of	related	genes	with	the	AUC	in	HCC	(0.753,	1-	year	OS;	0.652,	3-	year	OS;	and	
0.614,	5-	year	OS).	AUC,	area	under	the	curve;	HCC,	hepatocellular	carcinoma;	OS,	overall	survival;	ROC,	receiver	operating	characteristic
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pathogenesis	of	some	cancers,	a	comprehensive	analysis	
of	TPM1–	4	in	HCC	is	yet	to	be	characterized.

TPM1	 (also	 known	 as	 α-	tropomyosin)	 is	 a	 widely	
expressed	 actin-	binding	 protein,	 which	 is	 involved	 in	
molecular	 communication	 on	 cellular	 surface	 and	 in-
tercellular	proliferation	signaling	among	normal	cells.41	
Dysregulation	 of	 TPM1	 expression	 causes	 stress	 fiber	
disruption,	resulting	in	changes	in	cell	morphology	and	
motility,	thereby	leading	to	malignant	transformation	of	
normal	 cells.42	 Bharadwaj	 and	 Prasad	 first	 reported	 the	
level	 of	 TPM1	 expression	 declined	 in	 breast	 cancer.14	
Subsequent	 studies	 have	 also	 shown	 that	 TPM1  may	
function	as	an	anti-	oncogene	to	suppress	many	types	of	
cancer	 development	 including	 gastric	 cancer,	 bladder	
carcinoma,	lung	cancer,	and	intrahepatic	cholangiocarci-
noma.43–	46	TPM2	(also	called	β-	tropomyosin)	is	expressed	
primarily	 in	 fibroblasts,	 smooth,	 and	 skeletal	 muscle	
cells.	In	the	normal	physiologic	state,	TPM2 mainly	par-
ticipated	 in	 the	 regulation	 of	 cell	 motility	 and	 muscle	
contraction.47	 Aberrant	 TPM2	 expression	 is	 known	 to	
contribute	to	a	series	of	rare	myopathies.48	Recent	studies	
also	revealed	that	TPM2	can	exert	pro-		or	antitumorigenic	
roles	in	cancers,	which	may	be	related	to	the	functional	
specificity	of	the	gene	in	different	kinds	of	cancers.	TPM3	
(namely	γ-	tropomyosin)	mediates	the	response	of	myosin	
to	calcium	ions	and	maintains	the	stability	of	cytoskeletal	
microfilaments	in	skeletal	muscle	cells.49	Some	evidence	
suggests	that	TPM3	in	nonmuscle	tissues	may	take	part	in	
tumors	progression.	Kim	et	al.	found	that	overexpression	

of	TPM3	could	significantly	 increase	 the	risk	of	HCC.50	
Choi	 et	 al.	 confirmed	 that	 TPM3	 amplification	 facili-
tated	 the	 epithelial–	mesenchymal	 transition	 and	 down-
regulated	 the	 expression	 of	 epithelial	 cadherin,	 which	
finally	 induced	 HCC	 cells	 proliferation	 and	 invasion.51	
These	studies	implied	that	high	expression	of	TPM3 may	
promote	 HCC	 progression.	 TPM4	 (also	 referred	 to	 as			
δ-	tropomyosin),	 first	 discovered	 in	 Xenopus	 embryos,	
regulated	 the	 contraction	 of	 skeletal	 and	 smooth	 mus-
cle	 cells	 or	 maintained	 the	 stability	 of	 the	 cytoskeleton	
in	 nonmuscle	 cells.52–	54	 Previous	 research	 reported	 that	
TPM4	 is	 related	 to	 the	 occurrence	 and	 metastasis	 of	
several	 cancers.	 Dube	 et	 al.	 first	 observed	 that	 high	 ex-
pression	of	TPM4	existed	 in	ovarian	cancer.55	Similarly,	
increased	TPM4	expression	promoted	HCC	cell	prolifer-
ation	and	invasion	which	may	be	applied	as	a	diagnostic	
and	prognostic	marker	for	HCC	development.

In	 the	 present	 study,	 we	 found	 TPM1,	 TPM2,	 TPM3,	
and	TPM4	were	all	upregulated	in	HCC	tissues.	Although	
high	expression	of	TPM3	was	correlated	with	poor	survival	
outcomes	 in	 patients	 with	 HCC.	 Besides,	 we	 observed	
that	 TPM3	 amplification	 was	 the	 most	 common	 altered	
type	in	TPM1–	4 genetic	alteration,	which	was	associated	
with	unfavorable	PFS	and	OS	of	HCC.	Additionally,	 the	
risk	 model	 revealed	 that	 TPM1,	 TPM2,	 and	 TPM3	 were	
applied	 to	 risk	 assessment	 of	 HCC	 prognosis,	 among	
which	TPM1	exert	the	negative	coefficient.	Upregulation	
of	TPM1 may	suppress	the	development	of	some	cancers	
by	inhibiting	cellular	morphologic	transformation.56	That	

F I G U R E  6  Univariate	and	multivariate	Cox	regression	analyses	of	TPM1–	4	and	other	clinicopathologic	factors	in	HCC.	(A)	Correlation	
of	TPM1–	4	with	each	other	in	HCC	(Spearman's	correlation	values,	cBioPortal).	(B)	The	forest	plot	for	TPM1–	4	and	other	clinicopathologic	
factors	in	HCC.	HCC,	hepatocellular	carcinoma;	TPM,	tropomyosin
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means	 the	 high	 expression	 of	 TPM1  may	 act	 as	 a	 good	
prognostic	factor	in	HCC	development	which	is	consistent	
with	 previous	 studies.	 Moreover,	 TPM3	 expression	 was	

significantly	higher	in	the	high-	risk	group	than	that	in	the	
low-	risk	 group.	 Univariate	 and	 multivariate	 Cox	 regres-
sion	analyses	indicated	that	TPM3 may	be	an	independent	

F I G U R E  7  TPM3	co-	expression	genes	in	HCC	(LinkedOmics).	(A)	The	Pearson	test	was	used	to	identify	genes	differentially	expressed	
in	correlation	with	TPM3	in	HCC.	(B,	C)	Heat	map	demonstrated	50 significant	genes	positively	and	negatively	correlated	with	TPM3	in	
HCC.	HCC,	hepatocellular	carcinoma;	TPM,	tropomyosin

F I G U R E  8  GO	(biologic	process)	terms	and	KEGG	pathway	related	to	TPM3	in	HCC	(LinkedOmics).	(A)	The	significantly	enriched	
GO	annotations	(biologic	process)	of	TPM3	in	HCC.	(B)	The	KEGG	pathways	of	TPM3	in	HCC.	GO,	Gene	Ontology;	HCC,	hepatocellular	
carcinoma;	KEGG,	Kyoto	Encyclopedia	of	Genes	and	Genomes;	TPM,	tropomyosin
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prognostic	 factor	 of	 HCC	 prognosis.	These	 data	 implied	
that	TPM3 may	play	more	important	roles	in	HCC	devel-
opment	compared	with	the	other	three	genes.	Given	that	
the	critical	role	of	TPM3	in	HCC,	we	explored	the	poten-
tial	molecular	mechanism	of	TPM3	by	building	TPM3	co-	
expression	 networks	 in	 HCC.	 Consistent	 with	 previous	
studies,	TPM3	co-	expression	genes	mainly	participated	in	
the	cell	cycle	by	maintaining	microtubule	cytoskeleton	in	
HCC	progression.

The	 tumor	 microenvironment	 is	 increasingly	 rec-
ognized	 to	 play	 an	 integral	 role	 in	 HCC	 progression.	 In	

addition	 to	 tumor	 cells,	 the	 liver	 tumor	 microenviron-
ment	primarily	comprises	tumor-	infiltrating	lymphocytes,	
tumor-	associated	 macrophages,	 tumor-	associated	 neu-
trophils,	 cancer-	associated	 fibroblasts,	 myeloid-	derived	
suppressor	 cells,	 dendritic	 cells,	 extracellular	 matrix,	
and	 other	 matrix-	associated	 molecules.57	 The	 different	
score	distribution	of	tumor-	infiltrating	immune	cells	and	
immune	 checkpoints-	related	 genes	 expression	 in	 HCC	
further	 confirmed	 that	 tumor	 microenvironment	 affects	
HCC	progression.	CD8+	cytotoxic	T	lymphocytes	can	ef-
ficiently	kill	tumor	cells	by	secreting	cytokines	which	are	

F I G U R E  9  The	score	distribution	of	tumor-	infiltrating	immune	cells	in	HCC.	Twenty-	two	kinds	of	tumor-	infiltrating	immune	cells	
CIBERSORT	score	distribution	in	HCC	tissues	and	normal	tissues	(*p < 0.05,	***p < 0.001)
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associated	with	a	good	prognosis.58	Regulatory	T	cells,	a	
suppressive	subset	of	CD4+	T	lymphocytes,	can	suppress	
immune	reactions	induced	by	CD8+	cytotoxic	T	lympho-
cytes	to	promote	tumor	escape.59	B	cells	can	exert	antitu-
mor	effects	 through	antibody	production	and	by	serving	
as	 antigen-	presenting	 cells	 to	 induce	 T	 cell	 responses.60	
TPM3	 was	 positively	 correlated	 with	 B	 cells,	 TPM2	 was	
positively	associated	with	CD4+	T	cells	and	negatively	as-
sociated	with	Tregs,	and	TPM4	was	positively	associated	
with	CD8+	T	cells.	Given	that	TPMs	were	involved	in	the	
almost	whole	cellular	process,	 these	data	 suggested	 that	
the	upregulation	of	TPMs	in	HCC	may	recruit	inactivated	
B	and	T	cells	 to	 tumor	sites.	Once	activated	by	drugs	or	
other	treatments,	these	lymphocytes	could	suppress	HCC	
development.	 Tumor-	associated	 neutrophils	 are	 capa-
ble	of	recruiting	macrophage	and	regulatory	T	cells	 into	
tumor	sites	by	releasing	cytokines	to	facilitate	tumor	pro-
gression	 and	 metastasis.61	 Some	 molecular	 and	 cellular	
components	 in	 the	 tumor	 microenvironment	 enable	 to	
cause	functional	abnormalities	of	dendritic	cells	and	thus	
allowing	tumor	cells	to	escape	immune	surveillance.62	In	
hepatocellular	 carcinoma,	 cancer-	associated	 fibroblasts	
are	involved	in	crosstalk	between	tumor	cells	by	activating	
various	pathways	(signaling	pathways)	and	initiating	the	
expression	of	various	cytokines,	thus	providing	a	microen-
vironment	suitable	for	the	development	of	tumor	cells.63	
TPMs	were	positively	associated	with	these	cells	implying	
TPMs	were	likely	to	promote	HCC	progression	by	stimulat-
ing	the	oncogenic	ability	of	these	cells.	Tumor-	associated	
macrophages	are	divided	into	the	tumor	growth-	inhibiting	

M1	 and	 the	 tumor-	promoting	 M2	 phenotype.64	 M1-	like	
macrophages	 may	 inhibit	 HCC	 development	 by	 chang-
ing	 tumor	microenvironment,	and	M2-	like	macrophages	
can	promote	HCC	cell	proliferation	and	invasion	through	
activating	TLR4/STAT3 signaling	pathway.65,66	TPM2	was	
positively	correlated	with	macrophage	M1	and	TPM3	was	
negatively	correlated	with	macrophage	M2	which	means	
that	TPMs	may	promote	macrophage	M2	polarization	to	
exert	an	antitumor	effect	on	HCC	progression.	The	above	
data	demonstrated	that	TPM1–	4	plays	complex	immuno-
logical	roles	in	the	tumor	microenvironment	and	further	
research	was	needed	to	explore	the	possible	mechanism.	
In	short,	we	elucidated	the	role	of	TPM1–	4	in	HCC	pro-
gression	 through	 bioinformatic	 comprehensive	 analysis.	
However,	the	theoretical	analysis	and	limited	sample	size	
may	bias	the	results.	Experimental	validation	in	vivo	and	
in	vitro	needs	to	be	further	studied.

5 	 | 	 CONCLUSION

Our	 study	 detected	 that	 the	 expression	 of	 TPM1–	4	
was	 all	 significantly	 upregulated	 in	 HCC,	 suggesting	
TPM1–	4 may	serve	as	an	important	role	in	HCC	develop-
ment.	High	TPM3	expression	was	found	to	be	associated	
with	poor	OS,	and	TPM3 may	be	an	independent	prognos-
tic	factor	for	HCC.	The	risk	assessment	model	identified	
high-	risk	groups	of	HCC	patients.	These	analysis	results	
might	provide	new	therapeutic	strategies	for	the	diagnosis	
and	treatment	of	HCC.

F I G U R E  1 0  Association	between	TPM1–	4	and	tumor-	infiltrating	immune	cells	in	HCC	(TIMER2.0).	Tumor	purity	was	shown	on	the	
left	panel.	The	correlation	between	TPM1–	4	and	tumor-	infiltrating	immune	cells	(B	cell,	CD4+	T	cell,	CD8+	T	cell,	Tregs,	macrophage,	
neutrophil,	dendritic	cell,	and	cancer-	associated	fibroblast)	were	shown	in	HCC.	HCC,	hepatocellular	carcinoma;	TPM,	tropomyosin



444 |   TIAN et al.

ACKNOWLEDGMENTS
The	 authors	 would	 like	 to	 thank	 the	 UCSC	 XENA,	
Oncomine	 database,	 GSE46408,	 GEPIA2,	 cBioportal,	
TIMER2.0,	and	LinkedOmics	for	the	availability	of	the	data.

CONFLICT OF INTEREST
All	authors	declare	that	they	have	no	conflict	of	interest.

AUTHOR CONTRIBUTIONS
Zhihui	Tian	and	Yusheng	Wang	designed	experiments;	
Yusheng	 Wang	 supervised	 experiments;	 Zhihui	 Tian	
and	Jian	Zhao	drafted	the	manuscript;	Zhihui	Tian,	Jian	
Zhao,	 and	 Yusheng	 Wang	 collected	 the	 data	 and	 per-
formed	data	analysis.	All	authors	read	and	approved	the	
manuscript.

DATA AVAILABILITY STATEMENT
The	data	sets	analyzed	during	the	present	study	are	avail-
able	 from	 online	 repositories:	 UCSC	 XENA,	 Oncomine	
database,	GSE46408,	GEPIA2,	cBioportal,	TIMER2.0	and	
LinkedOmics.

ORCID
Yusheng Wang  	https://orcid.org/0000-0003-0042-7488	

REFERENCES
	 1.	 Sung	 H,	 Ferlay	 J,	 Siegel	 RL,	 et	 al.	 Global	 cancer	 statistics	

2020:	 GLOBOCAN	 estimates	 of	 incidence	 and	 mortality	
worldwide	 for	36	cancers	 in	185	countries.	CA Cancer J Clin.	
2021;71:209-	249.

	 2.	 Llovet	JM,	Kelley	RK,	Villanueva	A,	et	al.	Hepatocellular	carci-
noma.	Nat Rev Dis Primers.	2021;7:6.

	 3.	 Craig	 AJ,	 von	 Felden	 J,	 Garcia-	Lezana	 T,	 Sarcognato	 S,	
Villanueva	A.	Tumour	evolution	in	hepatocellular	carcinoma.	
Nat Rev Gastroenterol Hepatol.	2020;17:139-	152.

	 4.	 Yang	JD,	Hainaut	P,	Gores	GJ,	Amadou	A,	Plymoth	A,	Roberts	
LR.	 A	 global	 view	 of	 hepatocellular	 carcinoma:	 trends,	 risk,	
prevention	 and	 management.	 Nat Rev Gastroenterol Hepatol.	
2019;16:589-	604.

	 5.	 Bailey	K.	Tropomyosin:	a	new	asymmetric	protein	component	
of	muscle.	Nature.	1946;157:368.

	 6.	 Brown	 JH,	 Kim	 KH,	 Jun	 G,	 et	 al.	 Deciphering	 the	 design	
of	 the	 tropomyosin	 molecule.	 Proc Natl Acad Sci U S A.	
2001;98:8496-	8501.

	 7.	 Perry	SV.	Vertebrate	tropomyosin:	distribution,	properties	and	
function.	J Muscle Res Cell Motil.	2001;22:5-	49.

	 8.	 Khaitlina	SY.	Tropomyosin	as	a	regulator	of	actin	dynamics.	Int 
Rev Cell Mol Biol.	2015;318:255-	291.

	 9.	 Lees	 JG,	 Bach	 CT,	 O'Neill	 GM.	 Interior	 decoration:	 tropo-
myosin	 in	 actin	 dynamics	 and	 cell	 migration.	 Cell Adh Migr.	
2011;5:181-	186.

	10.	 Messer	AE,	Bayliss	CR,	El-	Mezgueldi	M,	et	al.	Mutations	in	tro-
ponin	T	associated	with	hypertrophic	cardiomyopathy	increase	
Ca(2+)-	sensitivity	 and	 suppress	 the	 modulation	 of	 Ca(2+)-	
sensitivity	 by	 troponin	 I	 phosphorylation.	 Arch Biochem 
Biophys.	2016;601:113-	120.

	11.	 Malfatti	E,	Schaeffer	U,	Chapon	F,	et	al.	Combined	cap	disease	
and	nemaline	myopathy	in	the	same	patient	caused	by	an	au-
tosomal	 dominant	 mutation	 in	 the	TPM3	 gene.	 Neuromuscul 
Disord.	2013;23:992-	997.

	12.	 Wang	M,	Li	W,	Chang	GQ,	et	al.	MicroRNA-	21	regulates	vas-
cular	smooth	muscle	cell	function	via	targeting	tropomyosin	1	
in	arteriosclerosis	obliterans	of	 lower	extremities.	Arterioscler 
Thromb Vasc Biol.	2011;31:2044-	2053.

	13.	 Hitchcock-	DeGregori	 SE,	 Barua	 B.	 Tropomyosin	 structure,	
function,	 and	 interactions:	 a	 dynamic	 regulator.	 Subcell 
Biochem.	2017;82:253-	284.

	14.	 Bharadwaj	S,	Prasad	GL.	Tropomyosin-	1,	a	novel	suppressor	of	
cellular	transformation	is	downregulated	by	promoter	methyl-
ation	in	cancer	cells.	Cancer Lett.	2002;183:205-	213.

	15.	 Zhang	 J,	 Wang	 K,	 Zhang	 J,	 Liu	 SS,	 Dai	 L,	 Zhang	 J-	Y.	 Using	
proteomic	 approach	 to	 identify	 tumor-	associated	 proteins	 as	
biomarkers	in	human	esophageal	squamous	cell	carcinoma.	J 
Proteome Res.	2011;10:2863-	2872.

	16.	 Ma	Y,	Xiao	T,	Xu	Q,	Shao	X,	Wang	H.	iTRAQ-	based	quantitative	
analysis	 of	 cancer-	derived	 secretory	 proteome	 reveals	 TPM2	
as	a	potential	diagnostic	biomarker	of	colorectal	cancer.	Front 
Med.	2016;10:278-	285.

	17.	 Tang	 HY,	 Beer	 LA,	 Tanyi	 JL,	 Zhang	 R,	 Liu	 Q,	 Speicher	 DW.	
Protein	 isoform-	specific	 validation	 defines	 multiple	 chloride	
intracellular	channel	and	tropomyosin	isoforms	as	serological	
biomarkers	of	ovarian	cancer.	J Proteomics.	2013;89:165-	178.

	18.	 Li	D-	Q,	Wang	L,	Fei	F,	et	al.	Identification	of	breast	cancer	metastasis-	
associated	proteins	 in	an	 isogenic	 tumor	metastasis	model	using	
two-	dimensional	 gel	 electrophoresis	 and	 liquid	 chromatography-	
ion	trap-	mass	spectrometry.	Proteomics.	2006;6:3352-	3368.

	19.	 Lam	CY,	Yip	CW,	Poon	TC,	et	al.	Identification	and	characteriza-
tion	of	tropomyosin	3	associated	with	granulin-	epithelin	precursor	
in	human	hepatocellular	carcinoma.	PLoS One.	2012;7:e40324.

	20.	 Amano	 Y,	 Ishikawa	 R,	 Sakatani	 T,	 et	 al.	 Oncogenic	 TPM3-	
ALK	 activation	 requires	 dimerization	 through	 the	 coiled-	
coil	 structure	 of	 TPM3.	 Biochem Biophys Res Commun.	
2015;457:457-	460.

	21.	 Li	L,	Ye	T,	Zhang	Q,	Li	X,	Ma	L,	Yan	J.	The	expression	and	clini-
cal	significance	of	TPM4	in	hepatocellular	carcinoma.	Int J Med 
Sci.	2021;18:169-	175.

	22.	 Yang	 R,	 Zheng	 G,	 Ren	 D,	 et	 al.	The	 clinical	 significance	 and	
biological	 function	of	 tropomyosin	4	 in	colon	cancer.	Biomed 
Pharmacother.	2018;101:1-	7.

	23.	 Tang	Z,	Kang	B,	Li	C,	Chen	T,	Zhang	Z.	GEPIA2:	an	enhanced	
web	server	for	 large-	scale	expression	profiling	and	interactive	
analysis.	Nucleic Acids Res.	2019;47:W556-	W560.

	24.	 Cerami	E,	Gao	J,	Dogrusoz	U,	et	al.	The	cBio	cancer	genomics	
portal:	an	open	platform	for	exploring	multidimensional	cancer	
genomics	data.	Cancer Discov.	2012;2:401-	404.

	25.	 Simon	 N,	 Friedman	 J,	 Hastie	 T,	 Tibshirani	 R.	 Regularization	
paths	for	Cox's	proportional	hazards	model	via	coordinate	de-
scent.	J Stat Softw.	2011;39:1-	13.

	26.	 Tibshirani	R,	Bien	J,	Friedman	J,	et	al.	Strong	rules	for	discard-
ing	predictors	in	lasso-	type	problems.	J R Stat Soc Series B Stat 
Methodol.	2012;74:245-	266.

	27.	 Vasaikar	SV,	Straub	P,	Wang	J,	Zhang	B.	LinkedOmics:	analyz-
ing	multi-	omics	data	within	and	across	32	cancer	types.	Nucleic 
Acids Res.	2018;46:D956-	D963.

	28.	 Subramanian	A,	Tamayo	P,	Mootha	VK,	et	al.	Gene	set	enrich-
ment	 analysis:	 a	 knowledge-	based	 approach	 for	 interpreting	

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46408
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE46408
https://orcid.org/0000-0003-0042-7488
https://orcid.org/0000-0003-0042-7488


   | 445TIAN et al.

genome-	wide	 expression	 profiles.	 Proc Natl Acad Sci U S A.	
2005;102:15545-	15550.

	29.	 Newman	AM,	Steen	CB,	Liu	CL,	et	al.	Determining	cell	 type	
abundance	 and	 expression	 from	 bulk	 tissues	 with	 digital	 cy-
tometry.	Nat Biotechnol.	2019;37:773-	782.

	30.	 Li	T,	Fu	J,	Zeng	Z,	et	al.	TIMER2.0	for	analysis	of	tumor-	infiltrating	
immune	cells.	Nucleic Acids Res.	2020;48:W509-	W514.

	31.	 Gentles	AJ,	Newman	AM,	Liu	CL,	et	al.	The	prognostic	land-
scape	of	genes	and	infiltrating	immune	cells	across	human	can-
cers.	Nat Med.	2015;21:938-	945.

	32.	 Tzartzeva	 K,	 Obi	 J,	 Rich	 NE,	 et	 al.	 Surveillance	 imaging	 and	
alpha	fetoprotein	for	early	detection	of	hepatocellular	carcinoma	
in	 patients	 with	 cirrhosis:	 a	 meta-	analysis.	 Gastroenterology.	
2018;154:1706-	1718.e1.

	33.	 Yang	JD,	Heimbach	JK.	New	advances	in	the	diagnosis	and	man-
agement	of	hepatocellular	carcinoma.	BMJ.	2020;371:m3544.

	34.	 Kulik	L,	El-	Serag	HB.	Epidemiology	and	management	of	hepa-
tocellular	carcinoma.	Gastroenterology.	2019;156:477-	491.e1.

	35.	 Pollard	TD,	Cooper	JA.	Actin,	a	central	player	in	cell	shape	and	
movement.	Science.	2009;326:1208-	1212.

	36.	 Pollard	 TD,	 Borisy	 GG.	 Cellular	 motility	 driven	 by	 assembly	
and	disassembly	of	actin	filaments.	Cell.	2003;112:453-	465.

	37.	 Akhshi	TK,	Wernike	D,	Piekny	A.	Microtubules	and	actin	cross-
talk	 in	 cell	 migration	 and	 division.	 Cytoskeleton (Hoboken).	
2014;71:1-	23.

	38.	 Li	X,	Wang	J.	Mechanical	tumor	microenvironment	and	trans-
duction:	cytoskeleton	mediates	cancer	cell	invasion	and	metas-
tasis.	Int J Biol Sci.	2020;16:2014-	2028.

	39.	 Lamouille	S,	Xu	J,	Derynck	R.	Molecular	mechanisms	of	epithelial-	
mesenchymal	transition.	Nat Rev Mol Cell Biol.	2014;15:178-	196.

	40.	 Cooper	 JA.	 Actin	 dynamics:	 tropomyosin	 provides	 stability.	
Curr Biol.	2002;12:R523-	R525.

	41.	 Caldwell	BJ,	Lucas	C,	Kee	AJ,	et	al.	Tropomyosin	isoforms	support	
actomyosin	biogenesis	to	generate	contractile	tension	at	the	epi-
thelial	zonula	adherens.	Cytoskeleton (Hoboken).	2014;71:663-	676.

	42.	 Bharadwaj	 S,	 Hitchcock-	DeGregori	 S,	 Thorburn	 A,	 Prasad	
GL.	 N	 terminus	 is	 essential	 for	 tropomyosin	 functions:	 N-	
terminal	 modification	 disrupts	 stress	 fiber	 organization	 and	
abolishes	anti-	oncogenic	effects	of	tropomyosin-	1.	J Biol Chem.	
2004;279:14039-	14048.

	43.	 Mao	Y,	He	J-	X,	Zhu	M,	Dong	Y-	Q,	He	J-	X.	Circ0001320	inhibits	lung	
cancer	cell	growth	and	invasion	by	regulating	TNFAIP1	and	TPM1	
expression	through	sponging	miR-	558.	Hum Cell.	2021;34:468-	477.

	44.	 Yang	W,	Wang	X,	 Zheng	W,	 Li	 K,	 Liu	 H,	 Sun	Y.	 Genetic	 and	
epigenetic	alterations	are	involved	in	the	regulation	of	TPM1	in	
cholangiocarcinoma.	Int J Oncol.	2013;42:690-	698.

	45.	 Liu	G,	Zhao	X,	Zhou	J,	Cheng	X,	Ye	Z,	Ji	Z.	Long	non-	coding	
RNA	MEG3	suppresses	the	development	of	bladder	urothelial	
carcinoma	by	regulating	miR-	96	and	TPM1.	Cancer Biol Ther.	
2018;19:1039-	1056.

	46.	 Lin	J,	Shen	J,	Yue	H,	Cao	Z.	miRNA1835p.1	promotes	the	mi-
gration	 and	 invasion	 of	 gastric	 cancer	 AGS	 cells	 by	 targeting	
TPM1.	Oncol Rep.	2019;42:2371-	2381.

	47.	 Ma	RN,	Mabuchi	K,	Li	J,	Lu	Z,	Wang	CL,	Li	XD.	Cooperation	
between	 the	 two	heads	of	 smooth	muscle	myosin	 is	essential	
for	 full	 activation	 of	 the	 motor	 function	 by	 phosphorylation.	
Biochemistry.	2013;52:6240-	6248.

	48.	 Tajsharghi	H,	Ohlsson	M,	Palm	L,	Oldfors	A.	Myopathies	asso-
ciated	with	beta-	tropomyosin	mutations.	Neuromuscul Disord.	
2012;22:923-	933.

	49.	 Pieples	K,	Arteaga	G,	Solaro	RJ,	et	al.	Tropomyosin	3	expression	
leads	to	hypercontractility	and	attenuates	myofilament	length-	
dependent	Ca(2+)	activation.	Am J Physiol Heart Circ Physiol.	
2002;283:H1344-	H1353.

	50.	 Kim	T-	M,	Yim	S-	H,	Shin	S-	H,	et	al.	Clinical	implication	of	re-
current	 copy	 number	 alterations	 in	 hepatocellular	 carcinoma	
and	putative	oncogenes	in	recurrent	gains	on	1q.	Int J Cancer.	
2008;123:2808-	2815.

	51.	 Choi	HS,	Yim	SH,	Xu	HD,	et	al.	Tropomyosin3	overexpression	
and	 a	 potential	 link	 to	 epithelial-	mesenchymal	 transition	 in	
human	hepatocellular	carcinoma.	BMC Cancer.	2010;10:122.

	52.	 Geeves	MA,	Hitchcock-	DeGregori	SE,	Gunning	PW.	A	system-
atic	 nomenclature	 for	 mammalian	 tropomyosin	 isoforms.	 J 
Muscle Res Cell Motil.	2015;36:147-	153.

	53.	 Gunning	 PW,	 Hardeman	 EC,	 Lappalainen	 P,	 Mulvihill	 DP.	
Tropomyosin	 -		 master	 regulator	 of	 actin	 filament	 function	 in	
the	cytoskeleton.	J Cell Sci.	2015;128:2965-	2974.

	54.	 Hardy	 S,	 Theze	 N,	 Lepetit	 D,	 Allo	 MR,	 Thiebaud	 P.	 The	
Xenopus laevis	 TM-	4	 gene	 encodes	 non-	muscle	 and	 cardiac	
tropomyosin	 isoforms	 through	 alternative	 splicing.	 Gene.	
1995;156:265-	270.

	55.	 Dube	DK,	Dube	S,	Abbott	L,	Alshiekh-	Nasany	R,	Mitschow	C,	
Poiesz	BJ.	Cloning,	sequencing,	and	the	expression	of	the	elu-
sive	 sarcomeric	TPM4alpha	 isoform	 in	 humans.	 Mol Biol Int.	
2016;2016:3105478.

	56.	 Williams	 J,	 Boin	 NG,	 Valera	 JM,	 Johnson	 AN.	 Noncanonical	
roles	 for	 tropomyosin	 during	 myogenesis.	 Development.	
2015;142:3440-	3452.

	57.	 Kurebayashi	Y,	Ojima	H,	Tsujikawa	H,	et	al.	Landscape	of	im-
mune	microenvironment	 in	hepatocellular	 carcinoma	and	 its	
additional	impact	on	histological	and	molecular	classification.	
Hepatology.	2018;68:1025-	1041.

	58.	 Takeda	K,	Nakayama	M,	Hayakawa	Y,	et	al.	IFN-	gamma	is	re-
quired	 for	 cytotoxic	 T	 cell-	dependent	 cancer	 genome	 immu-
noediting.	Nat Commun.	2017;8:14607.

	59.	 Lee	WC,	Wu	TJ,	Chou	HS,	et	al.	The	impact	of	CD4+	CD25+	T	
cells	 in	 the	 tumor	 microenvironment	 of	 hepatocellular	 carci-
noma.	Surgery.	2012;151:213-	222.

	60.	 Helmink	BA,	Reddy	SM,	Gao	J,	et	al.	B	cells	and	tertiary	lym-
phoid	 structures	 promote	 immunotherapy	 response.	 Nature.	
2020;577:549-	555.

	61.	 Zhou	SL,	Zhou	ZJ,	Hu	ZQ,	et	al.	Tumor-	associated	neutrophils	
recruit	macrophages	and	T-	regulatory	cells	to	promote	progres-
sion	 of	 hepatocellular	 carcinoma	 and	 resistance	 to	 sorafenib.	
Gastroenterology.	2016;150:1646–	1658.e17.

	62.	 Palucka	K,	Banchereau	J.	Cancer	immunotherapy	via	dendritic	
cells.	Nat Rev Cancer.	2012;12:265-	277.

	63.	 Affo	 S,	 Yu	 LX,	 Schwabe	 RF.	 The	 role	 of	 cancer-	associated	
fibroblasts	 and	 fibrosis	 in	 liver	 cancer.	 Annu Rev Pathol.	
2017;12:153-	186.

	64.	 Edwards	JP,	Zhang	X,	Frauwirth	KA,	Mosser	DM.	Biochemical	
and	functional	characterization	of	three	activated	macrophage	
populations.	J Leukoc Biol.	2006;80:1298-	1307.

	65.	 Ao	JY,	Zhu	XD,	Chai	ZT,	et	al.	Colony-	stimulating	factor	1	re-
ceptor	 blockade	 inhibits	 tumor	 growth	 by	 altering	 the	 polar-
ization	 of	 tumor-	associated	 macrophages	 in	 hepatocellular	
carcinoma.	Mol Cancer Ther.	2017;16:1544-	1554.

	66.	 Yao	RR,	Li	JH,	Zhang	R,	Chen	RX,	Wang	YH.	M2-	polarized	
tumor-	associated	 macrophages	 facilitated	 migration	 and	
epithelial-	mesenchymal	 transition	 of	 HCC	 cells	 via	 the	



446 |   TIAN et al.

TLR4/STAT3	 signaling	 pathway.	 World J Surg Oncol.	 2018;		
16:9.

SUPPORTING INFORMATION
Additional	 supporting	 information	 may	 be	 found	 in	 the	
online	version	of	the	article	at	the	publisher’s	website.

How to cite this article:	Tian	Z,	Zhao	J,	Wang	Y.	
The	prognostic	value	of	TPM1–	4	in	hepatocellular	
carcinoma.	Cancer Med.	2022;11:433–	446.	
doi:10.1002/cam4.4453

https://doi.org/10.1002/cam4.4453

