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Abstract
Background: RNA	modification	has	become	one	of	 the	hot	 topics	of	 research	as	 it	
can	be	used	 for	 tumor	prognosis.	However,	 its	 role	 in	 various	biological	 processes	
is still poorly understood. The aim of this study was to investigate the role of m5C 
and m1A	regulators	on	colorectal	cancer	prognosis	using	bioinformatics	tools.	The	as-
sociation between these regulators and differences in patient survival as well as the 
clinicopathological characteristics and tumor immune microenvironment in colorectal 
cancer tissues were assessed.
Methods: We selected publicly available colorectal cancer data sets from The Cancer 
Genome	Atlas	and	used	the	“limma”	package	in	R	to	identify	differentially	expressed	
genes.	 The	 least	 absolute	 shrinkage	 and	 selection	 operator	 regression	model	 was	
used	to	calculate	the	prognostic	risk,	and	a	risk	prediction	model	was	constructed,	to	
help	assess	the	prognostic	values	of	the	differentially	expressed	genes.	Finally,	using	
TISCH	and	TIMER,	we	assessed	the	extent	of	cellular	infiltration	in	colorectal	cancer.
Results: We	 explored	 NSUN6	 and	 DNMT3A	 expression	 using	 UALCAN	 and	 HPA	
and	found	that	their	expression	is	significantly	increased	in	colorectal	cancer	tissues	
and	correlated	with	sex	and	TP53	mutation	status.	Moreover,	we	found	NSUN6	and	
DNMT3A	were	related	to	the	 infiltration	of	six	major	 immune	cells,	with	DNMT3A	
being	closely	related	to	dendritic	cells,	CD4+	T	cells,	and	B	cells,	whereas	NSUN6	to	
B	cells	and	CD8+ T cells.
Conclusion: Our findings suggest that m5C regulators can predict the clinical prognos-
tic	risk	and	regulate	the	tumor	immune	microenvironment	in	colorectal	cancer.
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1  |  INTRODUC TION

Colorectal	cancer	(CRC)	is	one	of	the	most	commonly	diagnosed	gas-
trointestinal malignancies in the world. Its incidence and mortality 
rates	have	been	continuously	increasing,	and	it	is	now	considered	the	
second leading cause of death with an oncological origin.1	According	
to	the	data	reported	by	GLOBOCAN,	approximately	1.8	million	new	
CRC	 cases	 are	 diagnosed	 per	 year,	 50%	 of	which	 are	 fatal.2 CRC 
has	a	high	degree	of	malignancy,	causing	distant	visceral	metastasis	
through	the	blood	and	lymphatic	system,	resulting	in	poor	progno-
sis.3 Chemotherapy and surgery are the major treatment strategies 
for	CRC;	however,	owing	to	the	significant	heterogeneity,	the	clinical	
effects of current chemotherapeutic drugs are still far from satis-
factory.4	Therefore,	the	development	of	more	efficient	methods	is	
urgently needed.

Tumor	 immune	 microenvironment	 (TIM)	 is	 a	 crucial	 factor	
contributing	 to	 the	 occurrence,	 development,	 and	 prognosis	 of	
tumors.5	The	TIM	contains	various	cell	types	(infiltrating	immune	
cells,	vascular	cells,	and	mesenchymal	stem	cells)	and	associated	
cytokines/chemokines6	 and	 is	 a	 complex	 and	 dynamic	 system.	
The	immune	inflammatory	response	varies	among	patients,7 and 
high	levels	of	Th1	cells	and	dendritic	cells	(DCs)	in	tumor	tissues	
are related with a good prognosis of CRC.8	In	addition,	M1	mac-
rophages	 secreting	 pro-	inflammatory	 cytokines	 (TNF-	α,	 IL-	1-	β,	
and	 IL-	12)	 can	 suppress	 colon	 cancer	 cell	 growth	 and	 promote	
apoptosis,	whereas	M2	macrophages	enhance	 tumor	metastasis	
via	production	of	anti-	inflammatory	cytokines,	such	as	TGF-	β and 
IL-	10.9

RNA	 methylation,	 the	 most	 important	 RNA	 epigenetic	 modi-
fication	 in	 non-	coding	RNA	 (ncRNA)	 and	messenger	RNA	 (mRNA)	
of	 eukaryotic	 species,	 which	modulates	 RNA	 splicing,	 translation,	
and	 other	 biological	 processes,	 accounts	 for	 60%	 of	 RNA	 modi-
fications.10	 To	 date,	 more	 than	 five	 types	 of	 RNA	 methylation—	
N1-	methyladenosine	 (m1A),	 N6-	methyladenosine	 (m6A),	
eukaryotic	 5-	methylcytosine	 (m5C),	 7-	methylguanosine	 (m7G),	 and	
RNA	 2′-	O-	methylation	 (Nm)—	have	 been	 identified,	 of	 which	 m5C 
RNA	methylation	is	the	second	most	common	type,	after	m6A	meth-
ylation.11,12	Although	m5C modification was first discovered in the 
1970s,13	little	is	known	about	its	role	in	various	biological	processes.	
With	the	development	of	gene	sequencing	technology,	m5C modifi-
cation has recently gained increased attention. m5C	is	ubiquitous	in	
eukaryotic	tRNAs	and	rRNAs	and	participates	in	RNA	export	and	ri-
bosome translation.14	The	expression	of	m5C	regulators	is	also	linked	
to	a	variety	of	human	cancers,15,16 and m1A	is	considered	important	
in the regulation of tumor development.17-	19

This study was designed to investigate the role of m5C and m1A	
regulators	 in	CRC	prognosis	 (using	bioinformatics	methods)	and	to	
analyze the association between these regulators and differences 
in	survival	as	well	as	the	clinicopathological	characteristics	and	TIM	
in	CRC	tissues.	Furthermore,	this	study	helps	to	explore	novel	bio-
markers	that	predict	the	therapeutic	efficacy	of	current	treatments	
and benefit therapeutic modulation.

2  |  MATERIAL S AND METHODS

2.1  |  Data sources

First,	CRC	transcriptomic	and	relevant	clinical	data	were	downloaded	
from	 TCGA	 (https://tcga-	data.nci.nih.gov/tcga/)	 and	 organized	
separately	as	 the	 training	cohort.	A	 total	of	602	research	samples	
(48	healthy	 individuals	 and	554	CRC	patients)	were	 included.	The	
independent	gene	expression	data	set	GSE39582	was	obtained	from	
the	GEO	database	(https://www.ncbi.nlm.nih.gov/geo/)	and	used	as	
the validation cohort.

2.2  |  Differentially expressed genes (DEGs) 
between CRC and normal tissues

We reviewed the relevant literature to determine m5C and m1A	reg-
ulators;	24	regulators	were	obtained,	of	which	9	were	m1A	regula-
tors	and	15	were	m5C	regulators	(Table	1).	The	expression	matrix	and	
clinical information of m1A	and	m5C	regulators	in	554	CRC	cases	and	

TA B L E  1 RNA-	modified	m1A	and	m5C regulators

Regulator Type

m1A

TRMT6 Writer

TRMT61A Writer

RRP8 Writer

ALKBH1 Reader

ALKBH3 Reader

YTHDF1 Eraser

YTHDF2 Eraser

YTHDF3 Eraser

YTHDC1 Eraser

m5C

TRDMT1 Writer

NSUN1 Writer

NSUN2 Writer

NSUN3 Writer

NSUN4 Writer

NSUN5 Writer

NSUN6 Writer

NSUN7 Writer

DNMT1 Writer

DNMT2 Writer

DNMT3A Writer

DNMT3B Writer

ALYREF Reader

YBX1 Eraser

TET2 Eraser

https://tcga-data.nci.nih.gov/tcga/
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE39582
https://www.ncbi.nlm.nih.gov/geo/
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48	normal	cases	obtained	from	TCGA	were	used	for	further	analysis.	
The	“limma”	package	in	R	software	(4.0.5)	was	used	to	screen	for	dif-
ferentially	expressed	m1A	and	m5C regulators between the normal 
and	tumor	tissue	groups.	For	DEGs,	p-	values	<	0.05,	and	|log2(FC)|>1 
were	used	as	the	cut-	off	values.	Heatmap	and	violin	plots	were	gen-
erated for visualization.

2.3  |  GEO database validation of 
differential expression

Differential gene analysis between tumor and normal tissues was 
performed	 using	 the	 “limma”	 package.	 Subsequently,	 visualization	
of	the	differences	in	expression	between	the	two	groups	was	per-
formed using heatmaps.

2.4  |  Construction of protein– protein interaction 
(PPI) network

To	 select	 key	modules	 and	 hub	 genes,	 the	 PPI	 network	was	 con-
structed using the search tool for the retrieval of interacting genes 
(STRING)	platform	(https://cn.strin	g-	db.org/)(confi	dence	score	0.4).

2.5  |  Establishment of the prognostic risk model

First,	 univariate	 Cox	 regression	 analysis	 and	 the	 least	 absolute	
shrinkage	 and	 selection	operator	 (LASSO)	 algorithm	were	used	 to	
assess the associations between m5C regulators and clinical prog-
nosis	of	CRC.	Next,	the	following	formula	was	used	to	calculate	the	
prognostic	risk	scores	for	each	patient:

The	obtained	value	was	the	relative	expression	level	of	each	gene	
calculated	 using	 the	 comparative	 CT	method	 (2−ΔΔCt).	We	 further	
categorized	patients	with	CRC	from	TCGA	database	 into	 low-		and	
high-	risk	groups	based	on	their	median	risk	scores.	Finally,	Kaplan–	
Meier	survival	curves	were	used	to	assess	the	difference	in	survival	
between the two groups.

2.6  |  Clinical profile and correlation 
between the clinicopathological characteristics and 
gene expression

The	UALCAN	web	portal	 (http://ualcan.path.uab.edu/)	 is	an	open-	
access	 and	 online	 platform	 used	 to	 visualize	 gene	 expression	 al-
terations occurring between cancer and paired normal tissues 
with	 respect	 to	 clinicopathological	 characteristics	based	on	TCGA	
database.	 Using	 the	 UALCAN	 database,	 we	 analyzed	 the	 data	

according	to	clinical	pathology	parameters	such	as	sex,	sample	type,	
and	TP53	mutation	status.

2.7  |  Immunohistochemical analysis and gene set 
enrichment analysis (GSEA)

We	obtained	protein	expression	data	for	DNMT3A	and	NSUN6	from	
the	 Human	 Protein	 Atlas	 (HPA)	 database	 (https://www.prote	inatl	
as.org).	Staining	was	evaluated	qualitatively	based	on	the	proportion	
of	stained	cells	(<25,	25%–	75%,	or	>75%),	and	the	staining	intensity	
(negative,	 weak,	 medium,	 and	 strong)	 were	 categorized	 based	 on	
the	 following	grades:	no	staining,	weak	staining,	and	strong	stain-
ing.	Mutations	 in	 the	prognostic-	related	m5C regulators were also 
analyzed	 using	 the	 cBioPortal	 database	 (http://www.cbiop	ortal.
org/).	We	subsequently	divided	CRC	samples	in	the	CRC	cohort	into	
DNMT3A	 high-	expression	 group	 (237	 samples)	 and	NSUN6	 high-	
expression	group	 (224	samples),	 and	GSEA	was	performed.	Terms	
enriched in hub genes were considered statistically significant at 
p <	0.01	and	FDR	<	0.05.

2.8  |  Association between m5C regulators and 
tumor microenvironment- related cells (TISCH)

Tumor	immune	single-	cell	hub	(TISCH)	(http://tisch.comp-	genom	ics.
org)	is	a	large-	scale	single-	cell	RNA-	sequencing	database	that	char-
acterizes	tumor	microenvironment	(TME)	at	a	single-	cell	resolution.	
This	database	was	used	to	investigate	TME	heterogeneity	in	various	
data sets and cells.

2.9  |  Association between prognostic- related m5C 
regulators and tumor- infiltrated lymphocytes

TIMER	 (https://cistr	ome.shiny	apps.io/timer/)	 is	 an	 online	 platform	
for the analysis of immune cells in filtrates of multiple tumors. The 
immune penetration algorithm can be used to calculate the infil-
tration	abundance	of	six	immune	cells	(CD4+	T	cells,	B	cells,	CD8+ 
T	 cells,	 macrophages,	 neutrophils,	 and	 DCs)	 in	 TCGA.	 Using	 the	
“Immune”	module,	the	relationship	between	multiple	factors	and	im-
mune cell infiltration could be comprehensively analyzed.

2.10  |  Statistical analysis

All	 statistical	 analyses	 were	 performed	 using	 R	 software	 (version	
4.1.2).	The	Kaplan–	Meier	survival	curve	was	used	to	analyze	over-
all	 survival	 (OS),	 and	 the	 chi-	square	 test	was	 used	 to	 analyze	 the	
correlation	 between	 the	 risk	 signature	 and	 clinical	 characteristics.	
Univariate	 and	multivariate	Cox	 regression	 analyses	were	 used	 to	
determine	the	prognostic	value	of	the	risk	signature.	The	area	under	

Riskscore = coefficient1 ∗ value1 + coefficient2 ∗ value2

https://cn.string-db.org/)(confidence
http://ualcan.path.uab.edu/
https://www.proteinatlas.org
https://www.proteinatlas.org
http://www.cbioportal.org/
http://www.cbioportal.org/
http://tisch.comp-genomics.org
http://tisch.comp-genomics.org
https://cistrome.shinyapps.io/timer/


4 of 14  |     FANG et Al.

the	receiver	operator	characteristic	curve	(AUC)	analyses	were	used	
to	assess	the	accuracy	of	the	prognostic	signature.	Statistical	signifi-
cance was set at p <	0.05.

3  |  RESULTS

3.1  |  Differential expression of m1A and m5C 
between CRC and normal tissues

First,	we	analyzed	the	expression	of	m1A	and	m5C in CRC samples 
and normal tissue samples. The results showed that most m1A	and	
m5C	 regulators	 were	 differentially	 expressed	 between	 the	 two	
groups.	 Among	 them,	 seven	 m1A	 regulators	 (TRMT6,	 TRMT61A,	
RRP8,	 ALKBH3,	 YTHDF1,	 YTHDF2,	 and	 YTHDC1)	 were	 highly	 ex-
pressed	 in	 CRC	 tissues	 (Figure	 1A).	 Meanwhile,	 11	 m5C regula-
tors	 (NSUN2,	 NSUN5,	 NSUN6,	 NSUN3,	 DNMT3B,	 NSUN7,	 DNMT1,	
NSUN4,	DNMT3A,	ALYREF,	and	YBX1)	were	highly	expressed	in	CRC	

tissues,	while	TET2	expression	was	downregulated	in	CRC	tissues.	
(p <	0.001)	(Figure	1B).

3.2  |  Relationship between m1A and m5C 
regulators and OS in patients with CRC

The relationship between m5C and m1A	 regulators	 and	 OS	 was	
investigated	 using	 a	 univariate	 Cox	 regression	 analysis.	 The	 re-
sults showed that the two m5C regulators NSUN6	 (hazard	 ratio	
[HR] =	1.109,	95%	confidence	interval	[CI]	=	1.046–	1.176,	p <	0.001)	
and DNMT3A	(HR	=	1.046,	95%	CI	=	1.002–	1.092,	p =	0.041)	were	
at	high	risk	(Figure	2A).	Subsequently,	we	constructed	a	prognostic	
risk	model	using	these	two	genes	(Figure	2B,	C),	and	the	coefficients	
were	obtained	using	the	LASSO	algorithm	(Table	2).	The	integrated	
risk	score	for	each	patient	was	calculated	as	follows:

Riskscore = 0.093 × NSUN6 + 0.020 × DNMT3A

F I G U R E  1 Expression	of	m1A	and	m5C regulators in colorectal cancer patients and normal individuals. Heatmap and violin plot depicting 
the	differences	in	(A	and	C)	m1A	RNA	methylation	and	(B	and	D)	m5C	RNA	methylation	regulator	expression	between	the	two	groups.	N	
stands for normal samples; T stands for tumor samples; blue violin stands for normal samples; and red violin stands for tumor samples. 
*p <	0.001,	**p <	0.01,	*p <	0.05

F I G U R E  2 Prognostic	risk	score	model	constructed	based	on	NSUN6 and DNMT3A.	(A)	Univariate	Cox	regression	analysis	results	reveal	
that	the	expression	of	NSUN6 and DNMT3A	are	independent	risk	factors	of	CRC.	(B)	Least	absolute	shrinkage	and	selection	operator	
(LASSO)	model	to	estimate	the	coefficients	of	each	variable.	(C)	In	the	LASSO	model,	10-	fold	cross-	validation	is	used	to	tune	parameter	
choices.	(D)	Kaplan–	Meier	survival	curve	showing	the	differences	in	overall	survival	between	high-		and	low-	risk	groups.	(E)	Receiver	
operator characteristic curve of the prediction model
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According	 to	 the	 results	 of	 the	 survival	 analysis,	 the	 high-	risk	
group	patients	had	a	 significantly	 lower	OS	 rate	 than	 the	 low-	risk	
group	patients	(p <	0.05;	Figure	2D).	The	area	under	the	receiver	op-
erator	characteristic	curve	was	0.678	(Figure	2E),	indicating	a	good	
predictive	performance.	However,	there	was	no	significant	correla-
tion	observed	between	the	expression	of	m1A	regulators	and	OS.

3.3  |  Validation of differential expressed m5C 
regulators using GEO

The	GSE39582	data	set	was	used	to	further	validate	the	difference	
in	the	expression	of	m5C regulators in CRC and normal tissues. The 
expression	levels	of	NSUN2	(p <	0.001),	DNMT1	(p <	0.001),	ALYREF 
(p <	0.05),	NSUN4	(p <	0.001),	YBX1	(<0.001),	DNMT3A	(p <	0.001),	
NSUN5	(p <	0.001),	and	DNMT3B	(p <	0.001)	were	significantly	higher	
in	tumor	tissues	than	in	the	normal	tissues.	Conversely,	the	expres-
sion of NSUN3	(p <	0.001),	TET2	(p <	0.001),	and	NSUN6	(p <	0.05)	
was	 lower	 in	 cancer	 tissues	 than	 in	 normal	 tissues	 (Figure	 3A).	
However,	there	was	no	significant	difference	in	TRDMT1 and NSUN7 
expression	between	the	two	groups	(p>0.05).

TA B L E  2 Genes	selected	to	build	risk	signature	and	their	
corresponding coefficients

Genes Coefficients

NSUN6 0.093091494593057

DNMT3A 0.0198262658117633

F I G U R E  3 Differentially	expressed	genes	(DEGs)	in	m5C	regulators	validated	using	the	GEO	database	and	exploring	the	interactions	and	
correlations among m5C	regulators	were	explored.	(A)	Expression	of	m5C	regulators	in	the	data	set	GSE39582	compared	between	the	tumor	
and	normal	groups.	(B)	Protein	interactions	among	the	m5C	regulators	predicted	using	STRING.	(C)	Association	using	Pearson	correlation	
analysis. ***p <	0.001,	**p <	0.01,	*p <	0.05

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE39582
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE39582
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3.4  |  Interaction and correlation between 
m5C regulators

As	shown	in	Figure	3B,	TRDMT1	is	the	hub	gene	of	this	network	and	is	
closely	related	to	other	genes.	Moreover,	TRDMT1	expression	was	sig-
nificantly correlated with NSUN3,	NSUN4,	NSUN5,	NSUN2,	DNMT3A,	
DNMT3B,	NSUN7,	NSUN6,	and	TET2	expression.	The	majority	of	genes	
showed	 strong	 correlations	with	 each	 other,	 and	 the	 strongest	 cor-
relation was found between TRDMT1 and NSUN3	 (Figure	3C).	These	
results suggest a correlation among m5C regulators.

3.5  |  Prognosis- related risk score is an independent 
risk factor for prognosis

We	further	investigated	the	association	between	the	risk	scores	and	
clinicopathological	characteristics.	CRC	samples	with	high-	risk	scores	
generally	had	elevated	expression	of	NSUN6 and DNMT3A	(Figure	4A).	
In	 addition,	 significant	 differences	 between	 the	 high-		 and	 low-	risk	
groups	observed	in	terms	of	survival	status	and	N	staging	(p <	0.05).	
Univariate	Cox	regression	analysis	demonstrated	that	age	(HR	=	1.038,	
95%	CI	=	1.016–	1.061,	p <	0.001),	pathological	stage	(HR	=	2.546,	95%	
CI =	1.951–	3.323,	p <	0.001),	T	staging	(HR	=	3.240,	95%	CI	=	2.049–	
5.125,	 p <	 0.001),	 N	 staging	 (HR	=	 2.219,	 95%	 CI	=	 1.693–	2.908,	
p <	0.001),	M	staging	(HR	=	5.290,	95%	CI	=	3.314–	8.444,	p <	0.001),	
and	 risk	 score	 (HR	=	 1.236,	 95%	CI	=	 1.074–	1.422,	p =	 0.003)	 re-
mained	 significantly	 associated	with	OS	 (Figure	4B),	 suggesting	 that	
they	all	could	serve	as	independent	risk	factors	for	CRC.	Conversely,	
no	significant	correlations	(p >	0.05)	were	observed	between	sex	and	
OS.	In	the	multivariate	Cox	regression	analysis,	only	age	(HR	=	1.057,	
95%	CI	=	1.033–	1.083,	p <	0.001)	and	risk	score	 (HR	=	1.238,	95%	
CI =	1.069–	1.433,	p =	0.004)	were	found	to	be	independent	prognos-
tic	factors	for	CRC	(Figure	4C).

3.6  |  Relationship between NSUN6 and DNMT3A 
expression and clinicopathological characteristics of 
patients with CRC

To	further	investigate	the	expression	of	NSUN6 and DNMT3A in CRC 
and	normal	tissues,	we	examined	their	expression	using	the	UALCAN	
database.	 The	 expression	 levels	 of	 both	 genes	 were	 significantly	
elevated	 in	 colon	 adenocarcinoma	 tissues	 (p <	 0.001)	 (Figure	 5).	
Although	there	was	no	significant	difference	in	their	expression	be-
tween	the	two	groups	in	terms	of	sex	(p>0.05),	NSUN6	expression	
was	significantly	elevated	in	the	TP53-	mutant	group	(p <	0.001).

3.7  |  Differences in DNMT3A and NSUN6 protein 
expression, gene mutation types, and GSEA

We	used	the	HPA	database	to	detect	the	expression	of	NSUN6 and 
DNMT3A in CRC tissues and normal tissues. IHC results showed 

that NSUN6	was	highly	expressed	 in	both	colon	adenocarcinoma	
cells and normal colon gland cells. DNMT3A	was	expressed	lowly	
in colon adenocarcinoma cells and highly in colon gland cells 
(Figure	6A).	Using	the	cBioPortal	database,	we	found	that	altera-
tions in NSUN6 and DNMT3A	in	1510	samples	from	TCGA	harbored	
missense	mutations	and	deep	deletions.	The	mutation	frequencies	
were	0.9%	for	NSUN6	and	1.8%	for	DNMT3A. DNMT3A alterations 
in	TCGA,	TCGA	pan-	cancer,	and	TCGA	firehose	legacy	data	were	
all	mutations,	while	NSUN6	alterations	in	TCGA,	TCGA	pan-	cancer,	
and	TCGA	firehose	legacy	data	included	both	mutations	and	deep	
deletions	 (Figure	 6B,	 C).	 We	 subsequently	 performed	 GSEA	 to	
investigate the signaling pathways associated with the differen-
tial	expression	of	NSUN6 and DNMT3A	in	CRC.	Single-	gene	GSEA	
showed	that	high	expression	of	DNMT3A is associated with ascor-
bate	and	aldehyde	metabolism,	pentose	and	glucose	interconver-
sion,	cell	adhesion,	and	systemic	lupus	erythematosus.	Pathways	
enriched in the NSUN6 upregulation group were involved in 
maturity-	onset	diabetes	of	the	young,	pentose,	and	gluconate	in-
terconversions	and	spliceosome	(Figure	6D).

3.8  |  Correlation between TME and m5C regulators 
in CRC

We	analyzed	the	degree	of	invasion	of	the	risk-	related	genes	NSUN6 
and DNMT3A	 in	 TME-	associated	 cells	 using	 the	 TISCH	 database.	
NSUN6	showed	higher	infiltration	in	exhausted	CD8	T	cells,	prolifer-
ating	T	cells,	and	myofibroblasts,	and	DNMT3A showed the highest 
degree	of	infiltration	in	myofibroblasts	(Figure	7A,	C).	In	the	TISCH	
database,	GSE13	9555	was	divided	 into	18	cell	clusters	and	12	cell	
types,	allowing	us	to	visualize	the	distribution	and	number	of	various	
TME-	related	cells	 (Figure	7B).	The	pie	chart	shows	that	B	 lympho-
cytes	are	the	most	abundant	in	GSE13	9555,	followed	by	CD4Tconv	
cells.

3.9  |  Correlation between m5C regulators and 
immune cells

Using	 the	TIMER	database,	we	 investigated	 the	 relationship	 be-
tween NSUN6 and DNMT3A	 and	 the	degree	of	 infiltration	of	 six	
immune cells. The analysis showed that NSUN6 and DNMT3A 
were positively correlated with the degree of infiltration of all 
six	 immune	cells	 (Figure	8A).	B	cells	 (p <	0.001)	and	CD8+ T cell 
(p <	 0.05)	 infiltration	 levels	 were	 significantly	 reduced	 in	 the	
Arm-	level	 Deletion	 group	 compared	 to	 normal	 NSUN6 somatic 
cells.	Similarly,	B	cells	(p <	0.05),	CD4+	T	cells	(p <	0.01),	neutro-
phils	 (p <	 0.01),	 and	DCs	 (p <	 0.001)	were	 significantly	 reduced	
in	the	Arm-	level	Deletion	group	compared	to	those	in	the	normal	
DNMT3A	somatic	cells	(Figure	8B).	Combining	the	above	analysis	
results,	we	can	conclude	that	DNMT3A	is	closely	related	to	B	cells,	
CD4+	T	cells,	and	DCs	in	CRC,	while	NSUN6	is	closely	related	to	B	
cells	and	CD8+ T cells.

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE139555
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE139555
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4  |  DISCUSSION

To	 date,	 more	 than	 170	 chemically	 distinct	 types	 of	 RNA	 modi-
fications	have	been	 identified,	with	m6A,	m5C,	and	m1A	being	 the	
most	 prominent	 ones.	 RNA	 modifications	 mainly	 interact	 with	
three	 classes	 of	 regulators,	 writers,	 readers,	 and	 erasers.20 m1A	
methylation	 regulators	 include	 three	 writers	 (TRMT6,	 TRMT61A,	
and	SRRP8),	two	readers	(ALKBH1	and	ALKBH3),	and	four	erasers	
(YTHDF1,	YTHDF2,	YTHDF3,	and	YTHDC1),	whereas	m5C methyla-
tion	is	controlled	by	12	writers	(TRDMT1,	NSUN1,	NSUN6,	NSUN4,	
NSUN5,	DNMT1,	NSUN7,	NSUN2,	NSUN3,	DNMT2,	DNMT3A,	and	
DNMT3B),	one	reader	(ALYREF),	and	two	erasers	(YBX1	and	TET2).	
In	 this	 study,	m1A	and	m5C regulators were found to be differen-
tially	 expressed	 in	CRC	 tissues.	Among	 them,	 the	m5C	 regulators,	
NSUN6 and DNMT3A,	were	considered	prognostic	signatures	based	

on	the	Cox	and	LASSO	analyses.	Thus,	NSUN6 and DNMT3A were 
used	to	develop	a	reliable	prognostic	risk-	score	model	for	patients	
with	CRC.	Moreover,	we	thoroughly	investigated	the	association	be-
tween these m5C	regulators	and	the	TIM.

Epigenetic	modifications	of	ncRNAs	are	important	factors	con-
tributing	 to	 the	 development	 of	 CRC,	with	methylation	 being	 the	
most	important	post-	transcriptional	modification	of	ncRNAs.21	As	a	
methyl	group	at	the	first	position	of	adenosine,	m1A	modification	and	
relevant	long	non-	coding	RNAs	play	key	roles	in	CRC.22	As	shown	in	
our	results,	seven	of	nine	m1A	regulators—	TRMT6,	TRMT61A,	RRP8,	
ALKBH3,	 YTHDF1,	 YTHDF2,	 and	 YTHDC1—	were	 differentially	 ex-
pressed	between	CRC	and	normal	tissues.	Among	them,	YTHDF1 and 
YTHDC1	were	studied	 intensively.	A	previous	study	demonstrated	
that	the	knockdown	of	YTHDF1 significantly inhibits the tumorige-
nicity	of	CRC	cells	and	the	growth	of	murine	xenograft	tumors	based	

F I G U R E  4 Prognostic	value	of	risk	score	and	its	relationship	with	clinicopathological	characteristics	of	CRC.	(A)	Differences	
in	clinicopathological	characteristics	and	risk	scores	between	the	high-		and	low-	risk	groups.	(B)	Risk	score	and	clinicopathological	
characteristics	analyzed	using	a	univariate	Cox	regression	model.	(C)	Risk	scores	and	clinicopathological	characteristics	analyzed	using	a	
multivariate	Cox	regression	model.	*p <	0.001,	**p <	0.01,	*p <	0.05
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on	in	vitro	and	in	vivo	experiments.23	YTHDF1	could	also	affect	the	
GLS1-	glutamine	metabolic	axis	to	reduce	cisplatin	sensitivity	in	CRC	
cells.24	YTHDC1	binds	to	SLC7A5,	thereby	promoting	the	prolifer-
ation and migration of CRC cells.25	However,	no	m1A	regulator	was	
screened	as	a	prognostic	signature	in	the	univariate	Cox	regression	
analysis	 in	this	study,	which	might	be	due	to	data	selection	bias	 in	
TCGA	database.

Dysregulation of m5C modification is a crucial mechanism un-
derlying	 tumorigenesis,	 and	 m5C levels have been increasingly 
recognized	 as	 cancer	 markers.26	 Among	 the	many	 regulators,	 the	
relationship between NSUN2	 and	 tumors	 is	 the	most	well-	known.	
As	previous	articles	have	clarified,	NSUN2,	encoding	an	m5C	writer,	
is a downstream target gene of the oncogene MYC27;	its	expression	
level	is	correlated	with	the	cell	cycle	in	many	cancer	types,	including	
breast	cancer,	skin	cancer,	and	CRC.28-	30	Recently,	circNSUN2,	de-
rived	from	the	NSUN2-	coding	sequence,	was	identified	as	frequently	
upregulated in patients with CRC and can stabilize HMGA2	mRNA	to	
promote CRC liver metastasis.31 Our results suggested that NSUN6 
and DNMT3A	were	 risk	 factors	 significantly	 associated	with	prog-
nosis,	and	a	prognostic	risk	model	was	built	using	these	two	genes.	
The	higher	the	expression	 levels	of	both	genes,	 the	 lower	the	sur-
vival	 rate.	Although	 there	 are	 few	 studies	 on	 the	 relationship	 be-
tween NSUN6	and	CRC,	DNMT3A	has	been	explored	as	a	regulatory	
mechanism in CRC that functions via multiple targets and multiple 
pathways. DNMT3A,	 encoding	 a	 de	 novo	 DNA	 methyltransferase	
that	methylates	CpG	dinucleotides,32	 is	generally	highly	expressed	
in CRC.33	Because	it	can	be	used	to	identify	distal	colon	end-	stage	
and	microsatellite	instability-	positive	tumors,	this	regulator	has	been	

considered	a	good	diagnostic	marker	for	patients	with	CRC.34 It was 
found	that	DNMT3A	could	attenuate	the	proliferation	of	CRC	cells	
by	 effectively	 downregulating	 the	 DAB2IP-	activated	 MEK/ERK	
signaling pathway.35	 Li	 et	 al.36 revealed the potential mechanism 
of	DNMT3A	effects	 in	CRC	as	 involving	methylation	of	 the	AGR2 
promoter,	thereby	inhibiting	the	oncogenic	activity	of	AGR2 in CRC 
tumorigenesis and progression.

Our	GSEA	results	suggested	that	the	upregulation	of	DNMT3A 
expression	is	closely	related	to	ascorbate	and	aldarate	metabolism.	
As	is	well	known,	glucuronidation	is	a	primary	metabolism	pathway	
that	affects	the	xenobiotic	metabolism	of	hormones	and	drugs,37 in-
cluding many anticancer agents. Recent research has demonstrated 
that glucuronidation represents an important mechanism of intrinsic 
drug resistance in CRC.38	UDP-	glucuronosyltransferase	(UGT)	poly-
morphisms that might affect the drug response and cancer suscep-
tibility	are	associated	with	an	increased	risk	in	developing	cancers.39 
Among	 numerous	 UGTs,	 UGT1A6	 polymorphisms	 specifically	 in-
crease	 CRC	 risk.40	 In	 addition,	 pathways	 enriched	 in	 the	 NSUN6 
upregulation	 group	 include	maturity-	onset	 diabetes	 of	 the	 young,	
pentose,	and	gluconate	interconversions	and	the	spliceosome.	RNA	
splicing	is	essential	for	gene	regulation.	Selective	splicing	provides	a	
way	for	cells	to	diversify	their	proteome;	interestingly,	spliceosome	
protein mutations can also promote cellular carcinogenesis.41	 Lv	
et al.42 found that the spliceosome protein Eftud2 can mediate the 
effects	of	the	NF-	κB	pathway	 in	macrophages	to	promote	tumori-
genesis in colon tissues.

The	 TIM,	 including	 immune,	 stromal,	 and	 inflammatory	 cells,	
is	 related	 to	 tumorigenesis,	 progression,	 metastasis,	 recurrence,	

F I G U R E  5 Expression	of	NSUN6 and DNMT3A	and	clinicopathological	characteristics	in	patients	with	colorectal	cancer.	(A)	NSUN6	and	(B)	
DNMT3A	expression	in	different	sample	types	based	on	patient	sex	and	TP53	mutation	status



10 of 14  |     FANG et Al.

and	 drug	 resistance,	 and	 influences	 outcomes	 in	 various	 tumors.	
As	shown	in	our	results,	CD4Tconv,	CD8T,	CD8Tex,	B,	monocyte/
macrophage,	NK,	plasma,	and	Treg	cells	are	mainly	 involved	 in	the	

TIM	 in	 CRC	 tissues.	 According	 to	 the	 single-	cell	 RNA-	sequencing	
results	 of	 CRC	 tissues,	 the	 proportions	 and	 functions	 of	 immune	
cells are altered in cancers compared to those in normal tissues.43 

F I G U R E  6 Immunohistochemical	analysis,	alteration	frequency	analysis,	and	gene	enrichment	analysis	results	of	NSUN6 and DNMT3A 
expression	in	CRC.	(A)	Expression	of	NSUN6	and	DNMT3A	in	CRC	tissues	and	normal	tissues	assessed	in	HPA	database.	(B	and	C)	
Frequency	of	NSUN6 and DNMT3A	gene	alterations.	(D)	Pathway	enrichment	analysis	in	the	DNMT3A	high-	expression	and	NSUN6	high-	
expression	groups
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F I G U R E  7 In	the	TISCH	database,	m5C	regulators	were	expressed	in	a	variety	of	tumor	microenvironment-	associated	cells.	(A)	Expression	
levels	of	NSUN6	and	DNMT3A	in	CRC	microenvironment-	associated	cells	in	the	GEO	data	set.	(B)	Annotation	of	the	cell	types	contained	in	
the	GSE13	9555	data	set	and	the	percentage	of	each	cell.	(C)	Proportions	of	NSUN6	and	DNMT3A	in	different	cell	types	in	GSE13	9555

http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE139555
http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE139555
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Among	them,	the	relationship	between	CD4+ T cells and immuno-
therapy has received considerable attention. CD4+ T cell levels are 
significantly higher in the peripheral blood of patients with CRC 

who respond well to immunotherapy.44	 Some	 scholars	 have	 even	
suggested that CD4+	T	cells	might	serve	as	a	marker	to	predict	the	
response of patients with CRC.45

F I G U R E  8 Correlation	analysis	of	m5C	regulators	with	six	major	immune	cell	infiltration	levels	(TIMER).	(A)	Correlation	analysis	of	NSUN6	
and	DNMT3A	with	six	major	immune	cell	infiltration	levels	after	purity	adjustment.2 Correlation analysis of the changes in somatic cell copy 
number	of	NSUN6	and	DNMT3A	with	the	level	of	immune	cell	infiltration
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NSUN6	and	DNMT3A	are	expressed	 in	major	 immune	cells	 to	
different	 degrees,	 and	 the	 expression	 intensity	 of	 NSUN6	 was	
higher	 than	 that	 of	DNMT3A.	More	 importantly,	 their	 expression	
was	 also	 tightly	 correlated	 with	 immune	 cells.	 However,	 there	 is	
scant	evidence	of	the	association	between	DNMT3A	and	B	cells.	B	
cell activation and plasma cell differentiation are both regulated by 
DNMT3A.46	Conversely,	little	is	known	about	the	role	of	NSUN6	in	
immune	cell	fate	determination,	and	therefore,	this	is	a	direction	for	
further studies.

To	our	knowledge,	this	is	the	first	study	to	explore	the	relation-
ship between m5C and m1A	regulators	and	CRC	prognosis.	Multiple	
online	databases	were	used	to	analyze	their	differential	expression	
in	CRC	tissues	and	to	construct	a	prognostic	risk	model.	However,	
this	 study	has	 several	 limitations.	First,	 there	have	been	 relatively	
fewer	studies	on	colon	cancer	and	rectal	cancer.	Second,	the	prog-
nostic	model	did	not	distinguish	among	pathological	types,	making	
the	model	less	feasible	for	clinical	use.	In	addition,	the	small	sample	
size	of	the	GEO	data	sets	used	for	validation	is	an	evident	limitation.	
Third,	although	TIMER	(2.0)	allows	for	correlation	analysis	of	differ-
entially	 expressed	genes	 and	 immune	 cells	 in	 tumor	 tissues,	 no	 in	
vitro	or	 in	vivo	experimental	validation	was	performed.	Therefore,	
further	in-	depth	studies	are	required	to	address	these	issues.

5  |  CONCLUSIONS

We discovered that m5C regulators have the potential to effectively 
predict	the	survival	of	patients	with	CRC.	 In	addition,	NSUN6	and	
DNMT3A	can	regulate	the	TIM	of	CRC	and	have	potential	as	thera-
peutic targets.
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