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Abstract. N6‑methyladenosine (m6A), the most abundant 
internal RNA modification, serves a critical role in cancer 
development. However, the clinical implications of m6A 
in hepatocellular carcinoma (HCC) remain unclear. The 
present study sought to reveal the potential roles of m6A 
readers, which recognize m6A, in HCC. A total of 177 HCC 
and paired non‑cancerous liver tissues from patients who 
underwent hepatectomy were analysed using quantitative 
PCR for the expression of m6A readers: YT521‑B homology 
domain family 1 (YTHDF1) and YT521‑B homology domain 
family 2 (YTHDF2). The expression levels of both YTHDF1 
and YTHDF2 were not significantly different between tumour 
and non‑cancerous tissues (P=0.93 and P=0.7, respectively). 
Analysis of the association between clinical features and 
m6A reader expression revealed that YTHDF1 expression 
was associated with formation of capsule (P=0.02), whereas 
low YTHDF2 expression was associated with septal forma‑
tion (P=0.02). Furthermore, high YTHDF1 expression and 
high YTHDF2 expression were significantly associated 
with shorter recurrence‑free survival (RFS) [YTHDF1: 
Mean survival time (MST), 34.0 vs. 19.0 months, P=0.014; 
YTHDF2: MST, 30.1 vs. 12.9 months, P=0.0032], whereas 
YTHDF1 and YTHDF2 expression was not significantly 
associated with overall survival (OS) (YTHDF1: MST, 99.4 
vs. 70.2 months, P=0.74; YTHDF2: MST, 98.4 vs. 64.1 months, 
P=0.28). According to multivariate analysis, serosal invasion 
[hazard ratio (HR), 2.39; 95% CI 1.30‑4.42; P=0.005), portal 
vein or hepatic vein invasion (HR, 2.82; 95% CI 1.26‑6.28; 
P=0.01) and YTHDF2 expression in HCC tissues (HR, 1.85; 

95% CI 1.09‑3.15; P=0.02) were identified as significant 
independent prognostic factors for RFS. α‑fetoprotein (HR, 
1.79; 95% CI 1.10‑2.92; P=0.02), serosal invasion (HR, 1.99; 
95% CI 1.17‑3.34; P=0.01) and portal vein or hepatic vein 
invasion (HR, 3.02; 95% CI 1.38‑6.61; P=0.006) were identi‑
fied as significant independent prognostic factors for OS. In 
conclusion, the present study revealed that high YTHDF2 
expression, an m6A reader, in HCC tissues was associated 
with cancer recurrence.

Introduction

Hepatocellular carcinoma (HCC) is the main type of primary 
liver cancer and is one of the most common malignancies 
with poor survival (1). Hepatectomy is a potentially curative 
treatment, but the recurrence rate of HCC after surgery is 
remarkably high at approximately 70% (2). Therefore, further 
understanding of the molecular mechanisms of HCC develop‑
ment and recurrence is required.

More than 100 types of chemical modifications have 
been identified in RNA (3). Recently, internal modifications 
of mRNA have received attention for their roles in mRNA 
metabolism. N6‑methyladenosine (m6A) is the most abundant 
modification of mRNA in eukaryotes and was first reported in 
the 1970s (4). Recent evidence suggests that m6A has various 
functions in RNA metabolism, such as pre‑mRNA splicing, 
3'‑end processing, nuclear export, translation regulation, regu‑
lation of mRNA decay and noncoding RNA processing (5‑7). 
Furthermore, m6A methylation has been revealed to have 
crucial roles in the initiation and progression of cancer (8).

m6A readers are the proteins that recognize and bind to m6A 
sites and thereby elicit multiple effects (9). YT521‑B homology 
domain family 2 (YTHDF2) was the first identified m6A 
binding protein (10). YTHDF2 weakens mRNA stability by 
recognizing m6A, while YT521‑B homology domain family 1 
(YTHDF1) promotes mRNA translation efficiency (11). In 
solid cancer, YTHDF2 and YTHDF1 have been reported to 
have roles as both tumour promoters and suppressors (12‑14). 
However, the significance of YTHDF1 and YTHDF2 in onco‑
genesis remains unclear.

In the current study, we assessed the expression of YTHDF1 
and YTHDF2 in both resected HCC tissues and paired normal 
liver tissues collected from patients who underwent surgery 
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with curative intent. We also sought to discover novel prog‑
nostic implications of m6A readers that could be used to 
predict prognosis in patients with resected HCC.

Patients and methods

Patients and samples. A total of 177 frozen tumour specimens 
and paired paratumor noncancerous tissues were collected from 
patients with HCC who underwent surgery at Nagoya University 
Hospital (Nagoya City,  Japan) between January  1998 and 
April 2014. All fresh tissues were immediately frozen in liquid 
nitrogen and stored at ‑80˚C until use. Patient characteristics are 
summarized in Table I. After surgery, all patients were moni‑
tored via blood examinations, ultrasonography, and computed 
tomography once every six months. Angiography was performed 
for further information whenever recurrence was suspected. The 

median follow‑up duration of all patients was 48.8 months (range, 
0.3 to 191 months). This study and all procedures were approved 
by the Institutional Review Board at Nagoya University (Nagoya 
City, Japan), and all patients provided written informed consent. 
All clinical investigations were conducted in accordance with 
the principles of the Declaration of Helsinki.

RNA isolation and RT‑qPCR. Total RNA was extracted from 
tissue samples using a Qiagen miRNeasy mini‑kit (Qiagen, 
Hilden, Germany). We used DNAse to avoid contamination, and 
RNA quality was analysed by a NanoDrop (Thermo Scientific 
Fisher, Waltham, MA, USA). Total RNA was converted to 
complementary DNA by reverse transcription with M‑MLV 
Reverse Transcriptase (Invitrogen, Carlsbad, CA, USA). This 
total cDNA was used as a template for the next step of quantita‑
tive PCR (qPCR). qPCR was performed using SYBR Premix 

Table Ⅰ. Clinicopathological characteristics of patients with hepatocellular carcinoma (n=177).

Characteristics	 Value

Median age (range), years	 65 (37‑84)
Sex, male:female, n (%)	 148 (84) : 29 (16)
Viral infection, HBV:HCV:non‑HBV/HCV, n (%)	 41 (23) : 106 (60) : 30 (17)
Median albumin (range), g/dl	 3.9 (2.3‑4.9)
Median total bilirubin (range), mg/dl	 0.7 (0.2‑7.3)
Median PT (range), %	 88.7 (46.9‑138)
Median ICG‑R15 (range), %	 11.4 (1.6‑70.5)
Child‑Pugh classification, A:B, n (%)	 166 (94):10 (6)
Liver damage classification, A:B:C, n (%)	 142 (83):28 (16):1 (1)
Tumour multiplicity, solitary:multiple, n (%)	 138 (78):39 (22)
Median tumour size (range), cm	 3.5 (0.15‑15)
Median AFP (range), ng/ml	 17 (0.8‑119923)
Stage, I:II:III:IV, n (%)	 19 (11):91 (52):44 (25):21 (12)

PT, prothronbin time; ICG‑R15, indocyanine green 15‑min clearance rate; AFP, α‑fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C virus.

Figure 1. Relative expression levels of YTHDF1 and YTHDF2 in (A) individual and (B) paired hepatocellular carcinoma and adjacent tissues. YTHDF1/2, 
YT521‑B homology domain family 1/2; T, tumour; N, non‑cancerous.
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Table Ⅱ. Clinical features of 177 patients with hepatocellular carcinoma according to YTHDF1 and YTHDF2 expression.

	 YTHDF1 expression (n=172)a	 YTHDF2 expression (n=174)b

	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Low (n=108)	 High (n=64)	 P‑value	 Low (n=137)	 High (n=37)	 P‑value

Age, years						    
  <65	 50	 34	 0.43	 67	 18	 0.98
  ≥65	 58	 30		  70	 19	
Sex						    
  Female	 14	 13	 0.28	 22	 6	 0.98
  Male	 94	 51		  115	 31	
Virus infection						    
  Others	 44	 25	 0.87	 58	 13	 0.46
  HCV	 64	 39		  79	 24	
Albumin, g/dl						    
  ≥3.5	 85	 54	 0.54	 110	 30	 0.98
  <3.5 	 22	 10		  26	 7	
  NA	 1	 0		  1	 0	
PT, %						    
  ≥70	 91	 57	 0.50	 114	 34	 0.29
  <70	 16	 7		  22	 3	
  NA	 1	 0		  1	 0	
ICG‑R15, %						    
  <15	 58	 35	 0.91	 75	 19	 0.15
  ≥15	 19	 12		  21	 11	
  NA	 31	 17		  41	 7	
Liver cirrhosis						    
  Negative	 72	 39	 0.51	 90	 20	 0.25
  Positive	 36	 25		  47	 17	
Child‑Pugh classification						    
  A	 100	 61	 0.74	 128	 35	 0.91
  B	 7	 3		  8	 2	
  NA	 1	 0		  1	 0	
Liver damage						    
  A	 84	 54	 0.53	 110	 29	 0.80
  B or C	 19	 9		  22	 7	
  NA	 5	 1		  5	 1	
Tumour number						    
  Solitary	 86	 48	 0.57	 109	 27	 0.38
  Multiple	 22	 16		  28	 10	
Tumour size, cm						    
  <2	 14	 10	 0.82	 17	 6	 0.79
  ≥2 	 78	 50		  100	 29	
  NA	 16	 4		  20	 2	
AFP, ng/ml						    
  <20	 58	 35	 0.91	 68	 25	 0.06
  ≥20	 48	 28		  67	 11	
  NA	 2	 1		  2	 1	
Differentiation						    
  Good or moderate	 98	 56	 0.77	 121	 35	 0.08
  Poor	 8	 6		  14	 0	
  NA	 2	 2		  2	 2	
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Ex Taq II (Takara Clontech, Kyoto, Japan) under the following 
conditions: Denaturation at  95˚C for 10  sec and 40  cycles 
of denaturation at  95˚C for 5  sec and annealing/extension 
at 60˚C for 30 sec. The SYBR Green signal was detected in 
real‑time using a StepOne Plus Real‑Time PCR System (Life 
Technologies, Carlsbad, CA, USA). The relative quantification 
method was used, and the expression level of each gene was 
normalized to the expression level of the control gene glyceral‑
dehyde‑3‑phosphate dehydrogenase (GAPDH) for each sample. 
The relative gene expression levels were determined using the 
comparative threshold cycle (2‑ΔCT) method.

The PCR primers used in the current study were specific 
for the 78‑base‑pair fragment of YTHDF1 (sense, 5'‑TCC​

ATC​TTC​GAC​GAC​TTT​GCT‑3'; antisense, 5'‑TCG​ACT​
CTG​CCG​TTC​CTT​G‑3') and for the 50‑base‑pair frag‑
ment of YTHDF2 (sense, 5'‑GAG​GAT​CTG​AGA​GCC​ATG​
TCG‑3'; antisense, 5'‑ATT​TTG​TAC​TGC​TCC​AAG​AGG​C‑3'). 
GAPDH primers (sense, 5'‑GAG​TCC​ACT​GGC​GTC​TTC​
AC‑3'; antisense, 5'‑GTT​CAC​ACC​CAT​GAC​GAA​CA‑3') were 
used to quantify the expression in each sample as an internal 
control. The primers were designed as intron spanning. All 
qPCR experiments were performed in duplicate, including the 
template‑omitted negative controls.

Acquisition of publicly available data. Normalized TCGA 
RNA‑sequencing data of HCC were downloaded from 

Table Ⅱ. Continued.

	 YTHDF1 expression (n=172)a	 YTHDF2 expression (n=174)b

	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 Low (n=108)	 High (n=64)	 P‑value	 Low (n=137)	 High (n=37)	 P‑value

Growth form						    
  Expansive	 88	 54	 0.52	 114	 31	 0.42
  Infiltrative	 18	 8		  22	 3	
  NA	 2	 2		  1	 3	
Formation of capsule						    
  Positive	 70	 52	 0.02	 97	 27	 0.84
  Negative	 38	 12		  40	 10	
Infiltration to capsule						    
  Negative	 52	 22	 0.08	 57	 17	 0.71
  Positive	 55	 42		  79	 20	
  NA	 1	 0		  1	 0	
Septal formation						    
  Positive	 74	 42	 0.61	 98	 19	 0.02
  Negative	 31	 21		  36	 17	
  NA	 3	 1		  3	 1	
Serosal invasion						    
  Negative	 85	 50	 0.69	 107	 31	 0.81
  Positive	 19	 14		  26	 6	
  NA	 4	 0		  4	 0	
Portal vein or hepatic						    
vein invasion
  Negative	 80	 45	 0.60	 101	 26	 0.68
  Positive	 28	 19		  36	 11	
Surgical margin						    
  Negative	 91	 53	 0.66	 114	 31	 0.92
  Positive	 15	 11		  21	 6	
  NA	 2	 0		  2	 0	
Stage						    
  <III	 65	 42	 0.62	 85	 24	 0.83
  ≥III	 41	 22		  50	 13	
  NA	 2	 0		  2	 0	

aThe data for YTHDF1 expression were not available for 5 patients. bThe data for YTHDF2 expression were not available for 3 patients. PT, 
prothrombin time; ICG‑R15, indocyanine green 15‑min clearance rate; AFP, α‑fetoprotein; HCV, hepatitis C virus; YTHDF1/2, YT521‑B 
homology domain family 1/2; NA, not available.
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the Broad GDAC Firehose (http://gdac.broadinstitute.org/, 
accessed on January  1st,  2020). This dataset consists of 
50 noncancerous cases and 360 HCC cases, including seven 
HCC cases mixed with hepatocholangiocarcinoma and two 
cases with fibrolamellar carcinoma. Of the 360 cases, there 
were 266 cases with recurrence‑free survival (RFS) informa‑
tion and 336 cases with overall survival (OS) information.

Statistical analysis. Continuous variables are expressed as the 
median (range), and the expression of each target gene was 
compared by a Wilcoxon signed‑rank test and paired t‑test. 
Categorical variables were compared using χ2 or Fisher's exact 
tests, as appropriate. The OS and RFS rates at each point of 
the follow‑up time were estimated using the Kaplan‑Meier 

method and compared using a log‑rank test. A Cox propor‑
tional hazard regression model was used to perform univariate 
analysis and multivariate analysis for OS and RFS. In the 
multivariate analysis, variables that showed statistical signifi‑
cance in the univariate Cox proportional hazard regression 
were included. All statistical analyses were performed using R 
version 3.5.3 (http//www.r‑project.org/), and P<0.05 obtained 
using two‑tailed tests was considered to indicate statistical 
significance.

Results

YTHDF1 and YTHDF2 in resected specimens from HCC 
patients. First, expression analyses of m6A readers were 

Figure 2. Kaplan‑Meier analysis of (A) recurrence‑free survival and (B) overall survival for 177 patients with hepatocellular carcinoma based on YTHDF1 and 
YTHDF2 expression. YTHDF1/2, YT521‑B homology domain family 1/2.
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conducted with our surgically resected specimens. The 
expression levels of YTHDF1 and YTHDF2 were measured 
by qPCR. The expression of YTHDF1 and YTHDF2 was not 
significantly different between tumour tissues and noncan‑
cerous tissues (P=0.93 and P=0.7, respectively, Fig.  1A). 
Fig. 1B shows individual changes in YTHDF1 and YTHDF2 
expression in paired analysis. Based on the results obtained 
by qPCR, 177 HCC cases were divided into two groups 
according to YTHDF1 and YTHDF2 expression in tumour 
tissues. We selected the cut‑off values that showed the best 
statistical difference. Clinical features of the groups stratified 
by YTHDF1 and YTHDF2 expression are shown in Table II. In 

HCC tissues, low YTHDF1 expression was associated with a 
lack of capsule (65% vs. 81%, P=0.02), whereas low YTHDF2 
expression was associated with septal formation (73% vs. 53%, 
P=0.02).

Prognostic significance of YTHDF1 and YTHDF2 in 
resected HCC cases. Next, the effects of the expression 
levels on RFS and OS were evaluated. In HCC tissues, both 
high YTHDF1 expression and high YTHDF2 expression 
were significantly correlated with shorter RFS (YTHDF1: 
MST=34.0 vs. 19.0 months, P=0.014; YTHDF2: MST=30.1 
vs.  12.9  months, P=0.0032, Fig.  2A), whereas YTHDF1 

Figure 3. Relative (A) YTHDF1 and (B) YTHDF2 expression in 360 paired hepatocellular carcinoma tissues and 50 adjacent tissues from TCGA dataset. 
Survival analysis using Kaplan‑Meier curves for recurrence‑free survival in TCGA dataset based on (C) YTHDF1 and (D) YTHDF2 expression. Survival 
analysis using Kaplan‑Meier curves for overall survival in TCGA dataset based on (E) YTHDF1 and (F) YTHDF2 expression. TCGA, The Cancer Genome 
Atlas; YTHDF1/2, YT521‑B homology domain family 1/2; T, tumour; N, non‑cancerous; RSEM, RNA‑Sequencing by Expectation Maximization.
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expression and YTHDF2 expression were not correlated with 
OS (YTHDF1: MST=99.4 vs. 70.2 months, P=0.74; YTHDF2: 
MST=98.4 vs. 64.1 months, P=0.28, Fig. 2B).

YTHDF1 and YTHDF2 expression levels and their correla‑
tion with HCC prognosis in a publicly available dataset 

We analysed the expression levels of YTHDF1 and 
YTHDF2 in HCC and noncancerous tissues using a TCGA 
RNA‑sequence dataset. This analysis revealed that the expres‑
sion of YTHDF1 was significantly higher in HCC tumour 
tissues and that YTHDF2 expression was significantly lower in 
HCC tumour tissues than in noncancerous tissues (YTHDF1, 
P=0.0011; YTHDF2, P=0.025, Fig.  3A  and  B). We then 
confirmed the prognostic impact of YTHDF1 and YTHDF2 
expression in resected HCC patients using the same TCGA 
dataset. HCC cases were divided into two groups according to 
the YTHDF1 and YTHDF2 expression in HCC tissues in the 
normalized RNA‑sequencing data. We also selected the cut‑off 
values that showed the best statistical difference. This analysis 
revealed that the patients with high YTHDF1 expression had 
significantly worse RFS (MST=754 vs. 489 days, P=0.006, 
Fig. 3C), and the patients with high YTHDF2 expression tended 
to have worse RFS (MST=636 vs. 315 days, P=0.06, Fig. 3D). 
In addition, the patients with high YTHDF1 expression had 

significantly worse OS (MST=2456 vs. 1,372 days, P=0.015, 
Fig. 3E), and the patients with high YTHDF2 expression had 
significantly worse OS (MST=2,456 vs. 724 days, P=0.0002, 
Fig. 3F).

Cox regression analysis of HCC survival. Since the 
survival curves showed that YTHDF1 and YTHDF2 expres‑
sion levels in HCC tissues were correlated with RFS, we 
performed Cox proportional hazards analyses to further 
investigate the prognostic value of YTHDF1 and YTHDF2 
expression. The multivariate analysis identified serosal 
invasion (hazard ratio (HR): 2.39, 95% confidence interval 
(95%  CI): 1.30‑4.42, P=0.005), portal vein or hepatic 
vein invasion (HR, 2.82, 95% CI: 1.26‑6.28, P=0.01) and 
YTHDF2 expression in HCC tissues (HR, 1.85, 95% CI: 
1.09‑3.15, P=0.02) as significant independent factors for 
RFS (Table  III) and AFP (HR, 1.79, 95% CI: 1.10‑2.92, 
P=0.02), serosal invasion (HR, 1.99, 95%  CI: 1.17‑3.34, 
P=0.01), and portal vein or hepatic vein invasion (HR, 3.02, 
95% CI: 1.38‑6.61, P=0.006) as significant independent 
factors for OS (Table IV). Consequently, high expression of 
YTHDF2 in HCC tissues was significantly associated with 
recurrence after HCC surgery.

Table Ⅲ. Univariate and multivariate Cox proportional‑hazard regression analysis of recurrence free survival in patients with 
hepatocellular carcinoma.

	 Univariate analysis	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Age, ≥65 vs. <65 years	 1.01	 0.71‑1.43	 0.98			 
Sex, male vs. female	 1.27	 0.77‑2.10	 0.35			 
Virus infection, HCV vs. others	 1.28	 0.88‑1.85	 0.19			 
Albumin, <3.5 vs. ≥3.5 g/dl	 1.74	 1.13‑2.68	 0.01	 1.17	 0.59‑2.35	 0.65
PT, <70 vs. ≥70%	 1.12	 0.67‑1.84	 0.67			 
ICG‑R15, ≥15 vs. <15%	 2.06	 1.31‑3.26	 0.002	 1.17	 0.60‑2.29	 0.64
Liver cirrhosis, (+) vs. (‑)	 1.31	 0.91‑1.88	 0.14			 
Child‑Pugh classification, B vs. A	 1.24	 0.60‑2.53	 0.56			 
Liver damage, B or C vs. A	 1.97	 1.26‑3.08	 0.003	 1.91	 0.88‑4.14	 0.10
Tumour number, multiple vs. solitary	 1.61	 1.07‑2.42	 0.02	 1.44	 0.66‑3.17	 0.35
Tumour size, ≥2 vs. <2 cm	 1.73	 0.97‑3.09	 0.06			 
AFP, ≥20 vs. <20 ng/ml	 1.46	 1.02‑2.08	 0.04	 1.43	 0.88‑2.34	 0.15
Differentiation, poor vs. good/moderate	 1.58	 0.85‑2.94	 0.15			 
Growth form, infiltrative vs. expansive	 1.49	 0.92‑2.42	 0.10			 
Formation of capsule, (‑) vs. (+)	 1.27	 0.84‑1.91	 0.25			 
Infiltration to capsule, (+) vs. (‑)	 1.06	 0.74‑1.51	 0.77			 
Septal formation, (‑) vs. (+)	 1.00	 0.68‑1.47	 0.99			 
Serosal invasion, (+) vs. (‑)	 2.00	 1.33‑3.02	 0.0009	 2.39	 1.30‑4.42	 0.005
Portal vein or hepatic vein invasion, (+) vs. (‑)	 2.36	 1.57‑3.54	 <.0001	 2.82	 1.26‑6.28	 0.01
Surgical margin, (+) vs. (‑)	 1.32	 0.81‑2.13	 0.26			 
Stage, III/IV vs. I/II	 1.46	 1.01‑2.10	 0.04	 0.65	 0.28‑1.51	 0.32
YTHDF1 expression, high vs. low 	 1.60	 1.11‑2.31	 0.01	 1.37	 0.83‑2.27	 0.21
YTHDF2 expression, high vs. low	 1.82	 1.20‑2.76	 0.004	 1.85	 1.09‑3.15	 0.02

PT, prothrombin time; ICG‑R15, indocyanine green 15‑min clearance rate; AFP, α‑fetoprotein; HCV, hepatitis C virus; YTHDF1/2, YT521‑B 
homology domain family 1/2; HR, hazard ratio.
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Discussion

In this study, we primarily evaluated the clinical effects 
of m6A readers in resected HCC patients. The expression 
of YTHDF1 and YTHDF2 in HCC tissues was correlated 
with tumour recurrence. Furthermore, YTHDF2 was an 
independent prognostic factor in resected HCC patients. 
Members of the YT521‑B homology (YTH) domain family, 
including YTHDF1, YTHDF2, YTHDF3, YTHDC1 and 
YTHDC2, all have a conserved m6A‑binding domain and 
preferentially bind to m6A‑modified RNA at the RRm6ACH 
consensus sequence (15). YTHDF2, the first characterized 
m6A reader, accelerates the decay of m6A‑modified tran‑
scripts by facilitating the recruitment of the CCR4‑NOT 
complex directly (10). In contrast, YTHDF1 was initially 
demonstrated to bind to m6A sites around the stop codon 
and then cooperate with the translation initiation machinery 
to improve the translation efficacy of target RNAs in 
mammals (11).

We first compared the expression levels of YTHDF1 
and YTHDF2 in HCC and noncancerous liver tissues from 
patients who underwent hepatectomy with curative intent at 

our institution. Neither YTHDF1 expression nor YTHDF2 
expression was significantly different between HCC tissues 
and noncancerous tissues. In the paired analysis, patients 
with high expression in tumour tissues tended to have low 
expression in noncancerous tissues. In another cohort in 
the TCGA RNA‑sequence dataset, however, the expres‑
sion of YTHDF1 was found to be significantly higher in 
HCC tissues, and YTHDF2 was significantly lower in HCC 
tissues. Li et al reported that upregulation of YTHDF2 was 
observed in TCGA prostate cancer tissues compared with 
normal controls (16). Bai et al also reported that YTHDF1 
is significantly upregulated in tumour compared with adja‑
cent normal tissues in colorectal cancer (17). In the TCGA 
dataset, there were relatively small numbers of noncancerous 
tissues available, but we studied the expression of YTHDF1 
and YTHDF2 in both tumour and noncancerous tissues from 
177 HCC patients. This might have caused the discrepancy in 
results between the TCGA cases and our cases. In addition, 
our data showed that the reader expression in tumour tissues 
was different from that in noncancerous tissues. This change 
could be more important than the absolute value. In addition, 
the prognostic analysis stratified by YTHDF1 and YTHDF2 

Table IV. Univariate and multivariate cox proportional‑hazard regression analysis of overall survival in patients with hepatocellular 
carcinoma.

	 Univariate analysis	 Multivariate analysis
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristic	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Age, ≥65 vs. <65 years	 1.34	 0.87‑2.06	 0.18			 
Sex, female vs. male	 1.01	 0.57‑1.80	 0.96			 
Virus infection, HCV vs. others	 1.32	 0.84‑2.07	 0.23			 
Albumin, <3.5 vs. ≥3.5 g/dl	 1.75	 1.05‑2.92	 0.03	 1.34	 0.63‑2.85	 0.45
PT, <70 vs. ≥70%	 1.51	 0.87‑2.61	 0.14			 
ICG‑R15, ≥15 vs. <15%	 1.69	 0.95‑2.98	 0.07			 
Liver cirrhosis, (+) vs. (‑)	 1.38	 0.90‑2.13	 0.14			 
Child‑Pugh classification, B vs. A	 1.33	 0.58‑3.06	 0.50			 
Liver damage, B or C vs. A	 2.08	 1.24‑3.49	 0.005	 1.73	 0.80‑3.75	 0.16
Tumour number, multiple vs. solitary	 1.86	 1.16‑2.97	 0.009	 1.63	 0.81‑3.29	 0.17
Tumour size, ≥2 vs. <2 cm	 1.78	 0.82‑3.89	 0.14			 
AFP, ≥20 vs. <20 ng/ml	 2.30	 1.48‑3,58	 0.0002	 1.79	 1.10‑2.92	 0.02
Differentiation, poor vs. good/moderate	 2.02	 1.04‑3.93	 0.04	 1.18	 0.50‑2.76	 0.71
Growth form, infiltrative vs. expansive	 1.69	 0.99‑2.90	 0.05			 
Formation of capsule, (‑) vs. (+)	 1.03	 0.64‑1.66	 0.89			 
Infiltration to capsule, (‑) vs. (+)	 1.10	 0.71‑1.70	 0.66			 
Septal formation, (‑) vs. (+)	 1.04	 0.65‑1.65	 0.87			 
Serosal invasion, (+) vs. (‑)	 1.90	 1.17‑3.09	 0.008	 1.99	 1.17‑3.34	 0.01
Portal vein or hepatic vein invasion, (+) vs. (‑)	 2.55	 1.61‑4.05	 <.0001	 3.02	 1.38‑6.61	 0.006
Surgical margin, (+) vs. (‑)	 1.77	 1.04‑3.02	 0.04	 1.68	 0.90‑3.13	 0.10
Stage, III/IV vs. I/II	 1.68	 1.09‑2.59	 0.02	 2.22	 0.91‑5.42	 0.08
YTHDF1 expression, high vs. low	 1.22	 0.78‑1.90	 0.38			 
YTHDF2 expression, high vs. low	 1.48	 0.90‑2.43	 0.12			 

PT, prothrombin time; ICG‑R15, indocyanine green 15‑min clearance rate; AFP, α‑fetoprotein; HCV, hepatitis C virus; YTHDF1/2, YT521‑B 
homology domain family 1/2; HR, hazard ratio.
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expression in our study revealed that the expression of these 
two m6A readers in HCC tissues is not associated with OS. 
On the other hand, high expression of both YTHDF1 and 
YTHDF2 in HCC tissues was associated with significantly 
worse RFS. In the public dataset, high expression of YTHDF1 
or YTHDF2 was associated with worse prognosis than low 
expression. In particular, our Cox regression analysis showed 
that YTHDF2 was an independent risk factor for recurrence 
in resected HCC. Thus, YTHDF1 and YTHDF2 might have 
inherent effects in HCC carcinogenesis and influence the 
long‑term outcome after HCC resection, for example, by 
causing sporadic recurrence.

Evidence of RNA modifications in cancer development 
and progression has been increasing. The RNA methyltrans‑
ferase METTL3 is the first characterized component of the 
m6A methyltransferase complex. METTL3 promotes tumour 
proliferation and invasion in several cancers  (18‑22). The 
m6A demethylases FTO and ALKBH5 were identified in 
the 2010s. FTO and ALKBH5 also play an important role in 
human cancer (23‑25). However, the functions of YTHDF1 
and YTHDF2 in HCC have not been uncovered. Zhao et al 
reported that YTHDF1 played a vital role in the regulation 
of HCC metabolism (26). Qu et al reported that m6A RNA 
methylation modulators, including YTHDF1, affected OS 
in HCC patients  (27). YTHDF2 was able to degrade both 
tumour promoter and suppressor gene mRNAs. Zhang et al 
reported that YTHDF2 promotes the cancer stem cell liver 
phenotype and cancer metastasis by modulating the m6A 
methylation of OCT4 mRNA (28). In contrast, YTHDF2 may 
act as a tumour suppressor to repress cell proliferation and 
growth by destabilizing EGFR mRNA in HCC (29). Further 
investigations are required to reveal the role of YTHDF1 and 
YTHDF2 in HCC.

Although we showed important aspects of YTHDF1 and 
YTHDF2, there are some inherent limitations to the present 
study. First, more data are necessary because we used 
specimens from a single institute in this study. Second, more 
detailed molecular mechanisms through which specific m6A 
methylation enhances HCC development need to be discovered. 
Further investigation is necessary before the clinical utility of 
our findings can be determined.

In conclusion, our study revealed that high YTHDF2 
expression in HCC tissues is related to cancer recurrence. Our 
results may pave the way for discovering the clinical utility of 
m6A methylation and associated genes in HCC therapy in the 
future.
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