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Abstract
Background: SLC1A5	has	been	demonstrated	to	be	associated	with	the	progression	
of other tumors; however, studies are lacking in hepatocellular carcinoma (HCC). Here, 
we	identify	SLC1A5,	as	a	novel	ferroptosis	factor,	for	HCC	patients.
Methods: The core biomarkers were identified by univariate and multivariate Cox re-
gression analysis, and the genes present in liver cancer were validated using the public 
database. Then, gene set enrichment analysis (GSEA) was performed to explore the 
underlying molecular mechanisms. In addition, we explore the relationship between 
SLC1A5	and	clinical	factors.	Finally,	we	determine	the	effect	of	SLC1A5	on	HCC	cells	
using real- time PCR, cell scratch analysis, transwell analysis, and CCK8 analysis in mo-
lecular biology experiments.
Results: Cox	 regression	model	 shows	 that	SLC1A5	was	an	 independent	 risk	 factor	
for	HCC	patients.	GSEA	results	 indicated	high	expression	of	SLC1A5	related	to	the	
fatty acid metabolism pathway. Clinical correlation analysis demonstrates that alpha- 
fetoprotein	(AFP)	expression	was	positively	correlated	with	SLC1A5	(p = 8e−05),	and	
the	higher	tumor	stage	means	the	higher	expression	of	SLC1A5	(p = .02).	In	addition,	
SLC1A5	expression	was	also	positively	correlated	with	vascular	 infiltration	of	HCC	
(p = .04).	Furthermore,	the	SLC1A5	function	deficiency	experiment	explored	its	un-
derlying impact on the biological function of HCC. qPCR, also called quantitative pol-
ymerase	chain	reaction,	confirmed	that	SLC1A5	was	highly	expressed	in	liver	cancer	
when compared with normal tissues. Studies have also shown that downregulation of 
SLC1A5	can	inhibit	wound	healing,	invasion,	and	proliferation	of	HCC	cells.
Conclusion: In	conclusion,	ferroptosis	factor	SLC1A5	is	a	new	therapeutic	target	for	
hepatocellular carcinoma.
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1  |  INTRODUCTION

The liver tumor is a familiar tumor around the country, and its morbid-
ity is on the rise.1 More than 466,100 people are suffering from liver 
tumors and about 422,100 sacrificed to it every year.2 Although, surgi-
cal, adjuvant radiotherapy, and chemotherapy are the dominant meth-
ods of clinical therapy for hepatocellular carcinoma (HCC). However, 
the prognosis of patients has only slightly improved in recent years, 
and the effect is not very effective. At the same time, the recurrence 
rate and metastasis rate of tumors are still high.3 Therefore, predicting 
the prognosis of the clinical outcome of HCC patients remains a chal-
lenge for clinicians. Although studies have proposed to use different 
histological parameters to forecast the prognosis of a sick person with 
a liver tumor, the effect has limitations.4 In our research, we obtain 
data from The Cancer Genome Atlas (TCGA) database, which includes 
genome and clinical information of tumors, and then explored some 
ferroptosis biomarkers related to HCC. We use the oncoming data-
base, including Gene Expression Omnibus (GEO) datasets, to validate 
the expression of the hub gene. We hope that these biomarkers will 
contribute to the diagnosis, treatment, and prognosis of HCC.

In 2012, a new term was coined in the scientific community: fer-
roptosis. Programmed cell death is a term used to describe a type of 
iron- dependent cell death caused by the accumulation of lipid- type 
reactive oxygen elements.5 This way is balanced in normal people 
when	the	body	is	in	a	pathological	state:	cancer.	Ferroptosis	comes	
into play.6	Ferroptosis	driving	function	in	liver	cancer.	For	example,	
one of the ways to prevent iron death in liver cancer is to drive the 
P62-	KEAP1-	NRF2	pathway.7 Studying ferroptosis biomarkers in the 
prognosis and treatment of HCC patients is important.

SLC1A5	is	one	of	the	neutral	amino	acid	transporters	in	the	SLC1	
family, solute- carrying cell- surface traffic that regulated the assimila-
tion of neutral amino acids.8	SLC1A5,	as	a	glutamine	transporter,	plays	
a role in human tumor formation.9	SLC1A5	was	also	investigated	as	a	
ferroptosis factor in HCC. Rene Bernards' research team has shown 
that	CB-	839	and	V-	9302,	as	SLC1A5	 inhibitors	of	glutaminase,	 can	
effectively inhibit the progression of liver cancer.10 At present, there 
are	few	studies	on	SLC1A5	as	a	ferroptosis	factor	in	liver	cancer.	Our	
research	will	focus	on	the	biological	role	of	SLC1A5	in	liver	cancer.

Here,	we	assess	the	presence	of	SLC1A5	in	HCC	sicks	from	the	
TCGA	database	and	determined	that	SLC1A5	plays	a	role	of	an	on-
cogene in liver cancer. Cox model analysis is used to assess the prog-
nostic	worth	of	SLC1A5	in	sicks	with	HCC.	Finally,	we	verified	our	
conjecture	through	molecular	biology	experiments.	SLC1A5	acts	as	
a	ferroptosis	factor.	Knockdown	of	SLC1A5	can	suppress	the	prolif-
eration, migration, and incursion of liver tumors.

2  | MATERIALS AND METHODS

2.1  | Data acquisition and patient characteristics

Download the clinical information of hepatocellular persons from the 
TCGA project and use Perl language11 analysis to extract the clinical 
data of the patients. Patients with incomplete clinical information 

were deleted, others remained. A total of 374 patients are enrolled 
in the study, and corresponding clinical data and expression profile 
data were downloaded. The expression profile data format was frag-
mented	per	kilobase	per	million	(FPKM).

2.2  |  Exploring DEGs between 
tumor and normal samples

Analysis of sequencing data of liver cancer patients in TCGA data-
base using the limma package.12,13	The	threshold	is	set	to	FDR < 0.05,	
|logFC| ≥ 1.	Using	the	avereps	function	to	process	genes	that	appear	
multiple times, sorted into one line, and took the mean value, and 
the genes with the expression of zero in all samples were deleted. 
The mean expression of DEGs in tumor samples and normal samples 
was obtained by Wilcoxon. Test. A volcano map was drawn to visual 
DEGs.

2.3  | Differentially expressed ferroptosis- related 
genes in the TCGA database

Ferroptosis-	related	 genes	 (FRGs)	 are	 obtained	 from	 the	 ferropto-
sis	 death	 database	 FerrDb.14	 The	 intersection	 of	 FRGs	 and	DEGs	
was used to extract the expression of differentially expressed 
ferroptosis-	related	genes	(DE-	FRGs)	in	HCC	patients.	The	DE-	FRGs	
were obtained.

2.4  | Analysis of survival genes

In the TCGA database, the mRNA expression data of genes from 
multivariate Cox proportional risk regression analysis are displayed 
as line graphs, the abscissa is grouping information, and the ordinate 
is	Log2	(FPKM+1). Wilcoxon rank- sum test is used to compare two 
groups	(tumor	group	and	normal	group).	Further,	disease-	specifical	
survival	 (DSS)	 and	 progress-	free	 interval	 (PFI)	 analyses	 of	 these	
genes were performed to obtain genes that are worth studying and 
interrelated to the prognosis of HCC sicks. Genes conforming to DSS 
and	PFI	were	included	in	subsequent	studies	(p < .05).	The	expres-
sion standard of a survival- related gene in liver cancer was deter-
mined in the Oncomine database.15 The threshold is set up as the 
following values: p	value	of	.05,	the	absolute	value	of	log	fold	change	
is	1.5,	 and	all	 genes	are	 sorted.	We	 further	explored	whether	 the	
genes	included	in	this	study	were	related	to	AFP	expression,	patho-
logical stage, histological grade, and vascular invasion in HCC.

2.5  | Gene ontology and GSEA

The “cluster profile” R package16 in Rstudio is used for gene ontology 
(GO).17,18 Analysis based on genes between high risk and low risk 
(|log2FC| ≥ 1,	FDR < 0.05).	Observe	the	biological	processes,	cellular	
components, and molecular function.
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GSEA is a calculation method that can study the prospective mo-
lecular	mechanism	of	SLC1A5	in	the	prognosis	of	HCC	patients.19– 21 
In this study, HCC specimens were distinguished into high expres-
sion groups and low expression groups based on the expression 
pattern	of	SLC1A5.	Subsequently,	GSEA	was	used	to	evaluate	 the	
difference	between	high	 and	 low	SLC1A5	expression	 groups.	 The	
data were considered significant when p < .05,	and	the	error	detec-
tion	rate	(FDR)	was	<25%.	According	to	the	normalized	enrichment	
score (NES), enrichment methods related to the biological process of 
liver cancer were selected.

2.6  |  Cell culture

LX2	 and	 HepG2	 were	 obtained	 from	 the	 ATCC.	 Use	 DMEM	
(PM150210)	medium	 containing	 10%	 fetal	 bovine	 serum,	 1%	 glu-
tamine,	and	1%	antibiotic/antifungal	solution	to	culture	cells	at	37°C	
and	5%	CO2.

2.7  |  qPCR

Use	Trizol	 reagent	 (Invitrogen)	 extraction	 kit	 to	 extract	 total	 RNA	
from LX2 and HepG2 cells. The concentration of the RNA was tested 
by	 NanoDrop	 2000	 spectrophotometer	 (Thermo	 Scientific,	 USA).	
The	PCR	reaction	conditions	are	as	follows:	95°C	for	30 s,	95°C	for	
10	s,	60°C	for	30 s,	70°C	for	34 s,	a	total	of	40 cycles.	The	expression	
of	SLC1A5	was	measured	using	18 s	as	a	reference.	The	experiment	
was carried out in triplicate. The primer sequences used for PCR 
were:	 SLC1A5	 forward,	 5′-	CAACCTGGTGTCAGCAGCCTT-	3′	 and	
SLC1A5	reverse,	5′-	GCACCGTCCATGTTGACGGTG-	3′.

2.8  |  Cell transfection

SLC1A5	short	hairpin	oligonucleotide	(shRNA,	1	μg) and its negative 
control (sh- NC, 1 μg) were designed and synthesized by Genesee 
Biotechnology Co., Ltd. The pcDNA3.1 plasmid (2 μg) used to gener-
ate	the	SLC1A5	construct	was	provided	by	Thermo	Fisher	Scientific.	
The HepG2 cell line was transfected using Lipofectamine 3000 
(Invitrogen) according to the manufacturer's instructions. All trans-
fected	 cells	 were	 cultured	 for	 48 hours	 before	 being	 used	 in	 the	
experiment.

2.9  |  Cell scratch analysis

Resuspend 4 × 10	5	cells/well	in	10	ml	medium	and	inoculate	it	into	
10	cm.	Once	the	cells	reach	95%	confluence,	scratch	the	cell	 layer	
with	the	tip	of	a	100 μl pipette, making sure that the width of each 
wound is identical. The scratches were then rinsed with PBS reagent, 
and	the	samples	were	placed	in	a	complete	medium	containing	1%	

fetal	bovine	serum	and	incubated	at	37°C	and	5%	CO2. Observe the 
width	of	the	cell	wounds	under	an	inverted	microscope	at	0	and	24 h	
after making the cell scratch.

2.10  |  Transwell test

HepG2 cells were resuspended at 2 × 10	4	cells/ml.	Add	the	cell	sus-
pension	(200 μl) to the upper chamber of the Matrigel- coated serum- 
free	 transwell.	 The	 lower	 chamber	 contains	 500 μl of complete 
medium	containing	10%	FBS.	The	Transwell	system	was	incubated	
with	5%	CO2	for	24 h	at	37°C.	After	that,	the	cells	of	the	lower	cham-
ber	were	stained	with	0.1%	crystal	violet	solution	for	15 minutes	and	
counted under an optical microscope.

2.11  |  CCK8 assay

The cells in the log phase were seeded into a 96- well plate at a den-
sity of 1 × 10	4	cells/well	and	cultured	at	37°C	and	5%	CO	2	for	0,	12,	
24,	48,	or	72 h.	Next,	add	10	μl of cck8 to the medium and incubate 
the	sample	at	37°C	for	2	h.	To	construct	the	cck8	curve,	the	absorb-
ance	at	450 nm	is	set	as	the	ordinate,	and	the	time	is	set	as	the	ab-
scissa. The results were averaged in three independent experiments.

2.12  |  Statistical analysis

GraphPad Prism 8.0 and R (version 3.6.2) software were used for 
data analysis. Cox regression analysis was used to determine genes 
related to the prognosis of the disease. A p	value	less	than	.05	indi-
cates a significant difference.

3  |  RESULT

3.1  |  Identification of DEGs between tumor and 
normal samples

A total of 374 patients are enrolled in this study (Table 1).	Using	R	
language and calling limma package, a total of 10,242 genes were 
identified, including 9462 upregulated genes, and 780 downregu-
lated genes were calculated for subsequent analysis. Volcano map is 
used for data visualization (Figure 1A).

3.2  |  Ferroptosis genes in the TCGA database

In	total,	259	FRGs	were	obtained	from	the	FerrDb	database.	FRGs	
intersected with liver cancer differentially expressed genes in the 
TCGA database. According to the calculation results of the Wilcoxon 
test	function,	76	DE-	FRGs	were	obtained	(Figure 1B).
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3.3  |  Identification of survival- related DE- FRGs

According to the univariate cox proportional hazards regression 
analysis,	 there	 are	 43	 prognostic-	related	 FRGs	 (p < .05,	 HR > 1).	
Four	 independent	 prognostic	 factors	 were	 obtained	 by	multivari-
ate	Cox	 proportional	 risk	 regression	 analysis	 of	DE-	FRGs,	 respec-
tively,	 SLC1A5	 (hazard	 ratio	 (HR)	=	 1.22;	95%	confidence	 interval	
(CI) = 1.08 to 1.4; p = .001),	MT3	(HR	=	1.08;	95%CI	= 1.00 to 1.2; 
p = .039),	HSPB1	(HR	=	1.26;	95%CI	= 1.10 to 1.4; p = .001),	ZNF419	
(HR =	1.30;	95%CI	=	1.12	to	1.5;	p = .001),	and	all	four	genes	were	
high- risk genes. p < .05	as	threshold	(Figure 1C).

3.4  | Analysis of survival genes

Figure 2A– D	 shows	 that	 SLC1A5,	 MT3,	 HSPB1,	 and	 ZNF419	 are	
highly expressed in HCC, and four genes act as oncogenes in HCC. 
We	 further	performed	DSS	and	PFI	 survival	 analysis	 of	 these	 four	
genes,	and	the	results	showed	that	only	SLC1A5	was	related	to	HCC	
(Figure 3A– H).	 Therefore,	 we	 included	 SLC1A5	 in	 our	 subsequent	
validation	study	and	abandoned	MT3,	HSPB1,	and	ZNF419.	As	shown	
in Figure 4A– C, the Oncomine database was used to compare the 
SLC1A5	mRNA	expression	between	LIHC	and	normal	 tissue	speci-
mens,	and	the	mRNA	levels	of	SLC1A5	in	the	three	data	sets	(LIHC)	
were significantly higher. As expected, four genes are rich in antioxi-
dant activity, cellular oxidant detoxification, cellular detoxification, 
detoxification,	and	astrocyte	projection.	To	identify	SLC1A5-	related	

TA B L E  1 Baseline	characteristic	of	patients

Characteristic Levels Overall

N	(%) 374

Age (Years) ≤60 177	(47.5%)

>60 196	(52.5%)

Gender Female 121	(32.4%)

Male 253	(67.6%)

Race Asian 160	(44.2%)

Black or African American 17	(4.7%)

White 185	(51.1%)

Weight (kg) ≤70 184	(53.2%)

>70 162	(46.8%)

Height (cm) <170 201	(58.9%)

≥170 140	(41.1%)

BMI ≤25 177	(52.5%)

>25 160	(47.5%)

Pathologic stage Stage I 173	(49.4%)

Stage II 87	(24.9%)

Stage III 85	(24.3%)

Stage IV 5	(1.4%)

Histologic grade G1 55	(14.9%)

G2 178	(48.2%)

G3 124	(33.6%)

G4 12	(3.3%)

F IGURE  1 Differentially	expression	
analysis	and	SLC1A5	gene	screen.	(A)	
Volcano plot of the hepatocellular 
carcinoma differentially expressed genes 
(DEGs), between hepatocellular carcinoma 
patients and healthy subjects. Volcano 
plot of DEGs. Red means upregulated 
DEGs; Blue means down- regulated DEGs; 
Black means no different. (B) The number 
of 76 common ferroptosis- related genes in 
the TCGA database and ferrDb is shown 
by	the	Venn	diagram.	(C)	Four	ferroptosis-	
related genes are significantly associated 
with overall survival (OS) in hepatocellular 
carcinoma
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signaling access in HCC, we conducted GSEA to determine the dif-
ference	in	SLC1A5	gene	expression.	Based	on	the	normalized	enrich-
ment score (NES), the most significant enrichment signal pathway 

was	 determined.	 The	 high	 expression	 of	 SLC1A5	was	 significantly	
correlated with fatty acid metabolism in HCC (Adjust p =	1.98e−06,	
ES =	0.652)	(Figure 4D).

F IGURE  2 Differentially	expressed	
ferroptosis- related genes in tumor tissues 
and	normal	tissues.	(A)	SLC1A5	expression	
level between normal and tumor sample 
based on TCGA gene expression data. (B) 
MT3 expression level between normal 
and tumor samples based on TCGA gene 
expression data. (C) HSPB1 expression 
level between normal and tumor sample 
based on TCGA gene expression data. (D) 
ZNF419	expression	level	between	normal	
and tumor sample based on TCGA gene 
expression data.

F IGURE  3 Prognostic	analysis	of	4	genes	related	to	ferroptosis.	(A)	Kaplan–	Meier	survival	analysis	of	SLC1A5-	DSS	based	on	TCGA	
database.	(B)	Kaplan–	Meier	survival	analysis	of	SLC1A5-	PFI	based	on	TCGA	database.	(C)	Kaplan–	Meier	survival	analysis	of	MT3-	DSS	based	
on	TCGA	database.	(D)	Kaplan–	Meier	survival	analysis	of	MT3-	PFI	based	on	TCGA	database.	(E)	Kaplan–	Meier	survival	analysis	of	HSPB1-	
DSS	based	on	TCGA	database.	(F)	Kaplan–	Meier	survival	analysis	of	HSPB1-	PFI	based	on	TCGA	database.	(G)	Kaplan–	Meier	survival	analysis	
of	ZNF419-	DSS	based	on	TCGA	database.	(H)	Kaplan–	Meier	survival	analysis	of	ZNF419-	PFI	based	on	TCGA	database



6 of 10  |     HU et al.

3.5  |  SLC1A5 with clinical factor

We	 divided	 the	 patients	 into	 groups	 with	 AFP	 400 ng/mL	 as	 the	
cutoff	 value,	 and	 the	 convey	 of	 SLC1A5	was	 positively	 correlated	
with	the	AFP	(ng/ml)	 level	of	patients	with	liver	cancer	(Figure 5A). 
SLC1A5	is	related	to	the	pathological	stage,	histologic	grade,	and	vas-
cular	invasion	in	HCC	patients.	The	higher	the	expression	of	SLC1A5,	
the higher the pathological stage and histological grade of liver can-
cer	patients.	and	the	expression	of	SLC1A5	was	positively	correlated	
with vascular invasion in HCC patients (Figure 5B–	D) and (Table 2).

3.6  | Quantitative reverse transcription- 
polymerase chain reaction

Real-	time	 PCR	 results	 showed	 that	 SLC1A5	 expression	 was	 rela-
tively increased in tumor tissues (Figure 6A).

3.7  |  Cell scratch and transwell test analysis

To	study	whether	knocking	down	SLC1A5	can	restrain	the	migration	
and	invasion	of	liver	cancer	cells,	we	knock	down	SLC1A5	in	HepG2	

cells. Through wound healing experiments, we found that the migra-
tion	ability	of	knockdown	SLC1A5	cells	was	inhibited.	Transwell	ex-
periments confirmed that the invasion ability of cells knocked down 
SLC1A5	was	also	inhibited	(Figure 6B,C).

3.8  |  CCK8 assay

To	investigate	whether	SLC1A5	knockdown	can	inhibit	the	prolifera-
tion	of	HCC	cells,	we	knocked	out	SLC1A5	in	HepG2	cells.	Through	
the CCK8 experiment, we found that the proliferation ability of 
SLC1A5	cells	with	knockdown	was	inhibited	(Figure 6D).

4  | DISCUSSION

Liver cancer is a worldwide public health event, so it deserves at-
tention. Some previous studies use bioinformatics techniques to 
identify tumor biomarkers for other cancers.22 Here, we also use the 
above	methods	to	analyze	the	TCGA	database	and	select	SLC1A5	as	
a new biomarker for HCC.

Conventional	parameters	such	as	AFP,	tumor	stage,	tumor	grade,	
and vascular invasion of HCC are helpful to predict the prognosis of 

F IGURE  4 The	expression	of	SLC1A5	in	the	Oncomine	database	and	GSEA.	(A)	mRNA	expression	of	SLC1A5	gene	in	liver	cancers	and	
its	corresponding	normal	tissues	(Mas	Liver).	(B)	mRNA	expression	of	SLC1A5	gene	in	liver	cancers	and	its	corresponding	normal	tissues	
(Roessler	Liver).	(C)	mRNA	expression	of	SLC1A5	gene	in	liver	cancers	and	its	corresponding	normal	tissues	(Roessler	Liver2).	(D)	GSEA	
analysis	of	SLC1A5
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HCC	to	some	extent	 in	clinical.	Alpha-	fetoprotein	 (AFP)	 is	a	glyco-
protein derived from embryonic germ cells and has various biologi-
cal functions.23	Healthy	adult	blood	AFP	content	is	low,	and	tumor	
(liver cancer, gastric cancer, pancreatic cancer, etc.) in patients with 
AFP	content	will	be	higher	than	normal.	AFP	acts	a	part	 in	the	di-
agnosis and immunotherapy of liver cancer.24 The data analysis of 
TCGA	 liver	cancer	patients	 showed	 that	when	 the	AFP	content	 in	
liver	 cancer	 patients	was	 greater	 than	 400 ng/mL,	 the	 expression	
of	 SLC1A5	 was	 also	 increased,	 and	 it	 was	 statistically	 significant	
(p < .05).	Through	the	above	information,	we	guess	that	SLC1A5	may	
play	a	role	in	the	diagnosis	of	liver	cancer	patients	with	AFP,	SLC1A5	
may	directly	or	indirectly	cause	AFP	expression	in	some	way.	Tumor	
staging and grading are indicators to evaluate the malignant degree 
of the tumor.25 The higher the tumor staging and grading of clin-
ical liver cancer patients are, the worse the prognosis of patients 
is.26	We	found	that	SLC1A5	is	associated	with	the	stage	and	grade	
of	HCC	patients.	The	higher	SLC1A5	is,	the	higher	the	tumor	stage	
and	grade	of	HCC	patients	are.	SLC1A5	may	promote	the	develop-
ment of liver cancer and lead to a poor prognosis. Vascular invasion 
is necessary for the growth and metastasis of invasive tumors and 
is an important part of controlling cancer progression.27 Invasion of 
blood vessels by tumor tissue in patients with liver cancer can lead to 
tumor metastasis.28	We	found	that	HCC	patients	with	high	SLC1A5	
expression tend to have a vascular invasion. Therefore, we speculate 
that	high	expression	of	SLC1A5	in	patients	with	liver	cancer	can	lead	

to tumor tissue invasion of peripheral blood vessels, which is related 
to the poor prognosis of patients.

As a biological compound in the human body, fatty acids play an 
important role in human metabolism, health, and diseases. The liver 
is the main place for fatty acid synthesis and metabolism.29 The ab-
normal activation of the carcinogenic signaling pathway changes the 
expression and activity of lipid metabolic enzymes, which leads to 
the imbalance of fatty acid metabolism. It is increasingly considered 
to be an important metabolic redistribution phenomenon in tumor 
cells and then participates in the occurrence and development of 
liver cancer.30	SLC1A5	is	involved	in	liver	fatty	acid	metabolism	as	an	
iron	death	factor.	Our	results	show	that	high	expression	of	SLC1A5	
was enriched in the fatty acid metabolism pathway, which suggests 
that	SLC1A5	may	promote	metabolism	disorder	in	the	human	body,	
then promote the cancer process. Cai's research team found that 
SLC1A5,	as	a	glutamine	transporter	 (a	participant	 in	the	fatty	acid	
metabolism pathway), is highly expressed in colorectal signet ring 
cell carcinoma and mediates glutamine metabolism.31	 SLC1A5	 is	
involved in the amino acid exchange and is essential for glutamine 
uptake in rapidly growing cancer cells. Maintaining high glutamine 
levels in the blood provides carbon and nitrogen sources for biosyn-
thesis, energetics, and cell homeostasis in cancer cells.32 Increased 
expression	of	SLC1A5	has	been	found	in	a	variety	of	cancers,	includ-
ing colorectal cancer and liver cancer, and its high expression has 
been confirmed to be associated with poor prognosis.33

F IGURE  5 The	relationship	between	
SLC1A5	and	clinical	parameters.	(A)	The	
higher	the	SLC1A5	in	patients	with	liver	
cancer,	the	higher	the	AFP	concentration	
(400 ng/ml	as	the	median)	(p =	8e−05).	
(B)	The	expression	level	of	SLC1A5	in	
stage III and IV was higher than that in 
stage I&II (p = .02).	(C)	The	expression	
level	of	SLC1A5	in	grade	III	and	IV	was	
higher than that in grade I (p =	2.0e−04).	
The	expression	level	of	SLC1A5	in	grade	
III and IV was higher than that in grade II 
(p =	9.8e−03).	(D)	SLC1A5	expression	was	
increased in HCC patients with vascular 
invasion
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SLC1A5	plays	an	oncogene	role	in	a	variety	of	cancers.34 Qingjun 
Pan's	 team	 discovered	 that	 SLC1A5	 expression	 was	 significantly	
higher	in	86.5%	(32/37)	of	cancer	tissues	than	in	adjacent	normal	tis-
sues.	In	esophageal	cancer	cell	lines,	siRNA	knockdown	of	SLC1A5	
significantly reduced cell growth, reduced glutamine transport, 
inhibited mTORC1 signaling, and resulted in cell cycle arrest and 
apoptosis.35	Inhibiting	the	expression	of	SLC1A5	in	vivo	and	in	vitro,	
respectively, showed that the inhibitory effect of cetuximab on CRC 
proliferation was enhanced.36	 Zhang's	 team	analyzes	 the	OV	data	
in TCGA. By establishing nine models of ferroptosis- related genes, 
SLC1A5,	as	a	high-	risk	gene	in	ovarian	cancer,	is	related	to	the	poor	
prognosis	of	patients,	and	SLC1A5	 is	 related	 to	 the	 immune	path-
way in ovarian cancer.37	Our	 study	 revealed	 that	 SLC1A5	was	 an	
independent prognostic factor related to iron death in liver cancer, 
and	we	 speculated	 that	 SLC1A5	might	 be	 related	 to	 the	 immune	
pathway	in	liver	cancer.	Other	studies	have	shown	that	SLC1A5	pro-
tects non- serous OC patients from disease recurrence, which may 
be through a biological mechanism unrelated to cytotoxic drug sen-
sitivity.38	 Therefore,	we	predict	 that	 SLC1A5	plays	 different	 roles	
in different types of liver cancer and may play a protective role in 
certain subtypes of liver cancer.39	Inhibition	of	SLC1A5	by	Mir-	137	
strongly inhibits glutamine decomposition, leading to ferroptosis in 
cells.10	Since	SLC1A5-	mediated	glutamine	transport	plays	a	key	role	
in tumor cell metabolism, proliferation, and iron death, inhibition of 
targeted	glutamine	transport	by	SLC1A5	is	a	potential	approach	for	
the treatment of solid tumors.

Although	we	have	revealed	the	role	of	SLC1A5	as	a	ferroptosis	
factor in HCC to some extent through bioinformatics and basic ex-
periments, the limitations of this article cannot be ignored. TCGA 

TA B L E  2 Correlation	between	SLC1A5	gene	and	clinical	
variables

Characteristic

Expression of SLC1A5

p ValueLow High

Pathologic stage (%) .002

Stage I 102	(29.1%) 71	(20.3%)

Stage II 42	(12%) 45	(12.9%)

Stage III 31	(8.9%) 54	(15.4%)

Stage IV 1	(0.3%) 4	(1.1%)

Histologic grade (%) .014

G1 36	(9.8%) 19	(5.1%)

G2 92	(24.9%) 86	(23.3%)

G3 51	(13.8%) 73	(19.8%)

G4 4	(1.1%) 8	(2.2%)

AFP (ng/ml) (%) .002

≤400 126	(45%) 89	(31.8%)

>400 23	(8.2%) 42	(15%)

Albumin(g/dl) (%) 1.000

<3.5 38	(12.7%) 31	(10.3%)

≥3.5 128	(42.7%) 103	(34.3%)

Child- Pugh grade (%) 1.000

A 130	(53.9%) 89	(36.9%)

B 13	(5.4%) 8	(3.3%)

C 1	(0.4%) 0	(0%)

Vascular invasion (%) .185

No 116	(36.5%) 92	(28.9%)

Yes 52	(16.4%) 58	(18.2%)

F IGURE  6 SLC1A5	molecular	biology	
experiment. (A) The mRNA level of 
SLC1A5	was	higher	in	HepG2	than	LX2.	
(B)	The	migration	ability	of	the	sh-	SLC1A5	
cells was assessed using a wound- healing 
assay. Representative images are shown. 
(C) Cell invasion ability was evaluated 
using the transwell assay (magnification 
×20); *p < .05	versus	control	groups.	(D)	
Cell proliferation ability was evaluated 
using the CCK8 assay
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database was selected for this study. If possible, clinical patient 
specimen data should be collected for analysis and verification of 
the	SLC1A5	expression	difference	between	liver	cancer	tissues	and	
normal tissues. At the same time, the data collected by ourselves are 
regarded as external datasets for verification.

5  |  CONCLUSION

Our	study	demonstrated	that	SLC1A5	expression	is	higher	in	tumor	
tissues compared with normal liver tissues, which means that this 
gene has potential value to become a candidate therapy biomarker 
for HCC.
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