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The purpose of this study was to investigate the correlation between TRMT6 mRNA expression levels and clin-
icopathological features in primary HCC patients and to evaluate their prognostic value.

The clinical information and the mRNA sequencing data of the patients with primary hepatocellular carcinoma
(HCC) were extracted from The Cancer Genome Atlas (TCGA) Liver Cancer database. The correlation between
the clinicopathological features and the expression of TRMT6 was analyzed by t test and chi-square test. The
overall survival (OS) and recurrence-free survival (RFS) were estimated using the Kaplan-Meier method and
Cox regression models. Gene set enrichment analysis (GSEA) was used to explore the potential mechanisms
of TRMT6 dysregulation in primary HCC patients.

Compared to normal tissues, TRMT6 was significantly upregulated in primary HCC tissues. Kaplan-Meier survival
curves revealed that higher TRMT6 expression was associated with reduced RFS (p=0.0146) and OS (p=0.0224)
in HCC patients. Moreover, multivariable Cox regression analysis indicated that TRMT6 upregulation indepen-
dently predicted poor RFS (HR: 1.871, 95% Cl: 1.204, 2.905, p=0.005) and OS (HR: 2.176, 95% Cl: 1.234, 3.836,
p=0.007). Gene Set Enrichment Analysis (GSEA) indicated that primary HCC samples in the TRMT6 high expres-
sion group were enriched for the G2M checkpoint, spermatogenesis, and MYC target genes.

TRMT6 was upregulated in HCC tissues, and higher TRMT6 expression levels was correlated with reduced OS
and RFS in patients with primary HCC. TRMT6 might be a promising prognostic biomarker for poor clinical out-
comes in primary HCC patients.
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Background

Liver cancer is one of the most prevalent malignancies and the
third leading cause of cancer-related mortality in China [1].
Hepatocellular carcinoma (HCC), the predominant pathological
type of liver cancer, accounts for approximately 80% to 90% of
cases [2]. With the advancement of medical technology, there
are a variety of ways to help patients with HCC achieve long-
term survival, including surgical resection, molecular-targeted
therapy, liver transplantation, radiofrequency ablation and che-
moembolization. However, despite these advances, clinical out-
come for most patients with HCC remains poor [3], and the re-
currence rate of extrahepatic and locoregional is high. Several
studies have demonstrated that the 5-year recurrence rates are
approximately 60~80% for patients with HCC [4,5], with both
initiation and metastasis being the primary factors affecting
the prognosis of patients with HCC. Therefore, early diagnosis
and identification of prognostic biomarker are crucial for im-
proving survival in HCC patients. Currently, alpha-fetoprotein
(AFP) is the most widely used biomarker for early clinical di-
agnosis of liver cancer. However, with relatively low sensitivity
and specificity in clinical practice, its clinical value is not satis-
factory [6]. Research on the molecular mechanisms related to
HCC development and progression has received extensive at-
tention in recent years [7], and the genetic and epigenetic al-
terations have also received substantial attention in scientific
research. Chemical modifications of RNA are very common in
human diseases; over 100 types of these modifications have
been identified, and methylation is the main modification [8].

RNA methylation is closely associated with multiple dis-
eases, including tumors and metabolic disease [9,10]. N1-
methyladenosine (M1A), a recently identified mRNA modi-
fication of N6-methyladenosine, affects mRNA localization,
stability, translation, and splicing [11]. M1A is dependent on
the TRMT6/TRMT61A methyltransferase complex [12].

Despite these findings, few studies have focused on the biolog-
ical role and clinical significance of TRMT6. The purpose of this
study was to perform bioinformatics analysis, and to examine
mRNA expression levels of TRMT6 in HCC patients based on data
obtained from The Cancer Genome Atlas (TCGA) database. We
attempted to evaluate the prognostic value of TRMT6 by explor-
ing the potential relationship between the expression of TRMT6
and the clinicopathological features of primary HCC patients.

Material and Methods

Bioinformatics analysis based on the TCGA database

The TCGA database is a collaboration between the National
Cancer Institute (NCI) and the National Human Genome
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Research Institute (NHGRI) that has been made publicly avail-
able, containing multidimensional maps of key genomic changes
in 33 types of cancer. This genomic information helps the can-
cer research community to improve the prevention, diagnosis,
and treatment of cancer [13]. Clinical information and mRNA se-
quencing data in the TCGA Liver Cancer (TCGA-LIHC) database
and primary HCC patients were obtained from the Genomic
Data Commons Portal (https://portal.gdc.cancer.gov/). These
patient data are publicly available, and the samples are de-
identified before publication. In the TCGA-LIHC cohort, mRNA
expression profiles and clinical information for 424 patients
were downloaded. After excluding patients with missing data,
we collected 410 tissue samples from 361 patients with TRMT6
mRNA gene expression levels, including 312 single HCC tis-
sues samples and 49 paired tissues samples (HCC tissues and
normal tissues from the same patient) and clinicopathologi-
cal information for 361 patients (244 males and 117 females)
diagnosed with primary HCC.

Gene set enrichment analysis (GSEA)

GSEA is a computational approach to identifying significantly
enriched or depleted groups of genes [14,15]. To gain insight
into the molecular mechanism related to the TRMT6 gene, the
GSEA tool was used to analyze the association between TRMT6
expression and HCC expression profiles in the TCGA-LIHC co-
hort. In our study, the genomic expression profiles of 361 HCC
patients were classified into high (n=181) and low (n=180) ex-
pression groups based on the median value of TRMT6 mRNA
expression. The h.all.v6.2.symbols.gmt data set was obtained
from the GSEA website, and the number of random permuta-
tions was set at 1000 runs.

Statistical analysis

Statistical analyses were performed using R (v.3.5.1) soft-
ware. Quantitative data are reported as the means + stan-
dard deviation (SD), and categorical data are reported as
counts (percentage). The cut-off value for TRMT6 mRNA ex-
pression levels was determined based on its median value.
Differences in TRMT6 mRNA expression levels between HCC
and normal liver tissues were assessed by using unpaired and
paired t tests. Unpaired 2-sample t test and chi-square anal-
ysis were used to evaluate the association between the clin-
icopathological features and the TRMT6 mRNA expression
levels. The differences in OS and RFS were estimated by us-
ing the Kaplan-Meier method based on log-rank tests. The ef-
fects of the clinical characteristics and the mRNA expression
levels of TRMT6 on the prognosis of HCC patients were calcu-
lated by univariable and multivariable Cox regression models.
Potential covariates from basic characteristics were adjusted
using multivariable analysis. In addition, we performed sensi-
tivity analysis by repeating the 2 main analyses using TRMT6
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Figure 1. TRMT6 was upregulated in primary HCC patients. (A) Comparison of TRMT6 gene expression with 361 cases of HCC tissues
and 49 adjacent normal liver tissues. (B) Using the paired t test to assay the difference between 49 cases of primary HCC

tissues and the adjacent normal tissues.

Table 1. The clinical characteristics of primary HCC patients in high expression of TRMT6 group and low expression group.

Characteristics

TRMT6 expression
Low (<16.96) High (>16.96) P-value

Age (mean + SD) 60.13+£13.07 59.06+13.48 0.766 0.444
"""""""""""""""""""""" Female 62 (3444%) 55 (30.39%) 0678 041
Gender CMale 118 (65.56%) 126 (6961%)
"""""""""""""""""""""" Asan 58 (3222%) 98 (s414%)
Race Cwhite 104 (5778%) 72 (39.78%) - 0.000
Othes 18 (1000% 11 (608%)
e 27.00675 25332991 1788 0075
"""""""""""""""""""""" A 106 (5889%) 106 (s856%)
5 8 (444%) 13 (7.18%)
Child-Pugh grade =~ o = 0.362
C 1 (0.56%) 0 (0.00%)
Unknown 64 (36.11%) 63 (34.25%)
"""""""""""""""""""""" Wi 126 (7000%) 123 6796%)
Clinical stage v 43 (2389%) 45 (2486%) 0.079 0779
Unknown 1 (611% 13 (718%)
"""""""""""""""""""""" o a9 @2% 23 @nw
Fibrosis (ishak score) ~ 1-6 70 (3889%) 68 (37.57%) 5.787 0016
Unknown 61 (3389%) o1 49.72%)
"""""""""""""""""""""" Gl+G2 131 (7278%) 93 (5138%)
Histologic grade GG 46 (2556%) 86 (47.51%) 18.557 0.000
CUnknown 3 6% 2 (110%)
s v s s s e Connon o [N e, (et Crterte i e 56 Bl g e
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Figure 2. The RFS of all patients (A), early clinical stage patients (B), and clinical advanced stage patients (C) high expression of TRMT6

group and low expression of TRMT6 group.

expression as a continuous number or including covariates
with p values less than 0.1. P value <0.05 was considered sta-
tistically significant.

Results

mRNA expression levels of TRMT6 and clinical
characteristics of HCC patients based on the TCGA
database

As shown in Figure 1A, the expression levels of TRMT6 were
significantly higher in the 312 single HCC tissues than in the
49 normal tissues (unpaired 2-sample t test, P<0.001), and re-
sults were consistent with the 49 matched tissue samples from
the HCC patients (paired t test, P<0.001) (Figure 1B). We next
investigated the relationship between the TRMT6 mRNA ex-
pression and the clinical characteristics of patients with HCC.
Race, fibrosis, and histological grade were significantly differ-
ent between high and low expression groups in patients with
HCC (p<0.001, p=0.016, and p<0.001, respectively); however,
gene group was not significantly associated with age, gender,
BMI, Child-Pugh grade, or clinical stage (Table 1).

High TRMT6 expression was associated with reduced RFS
in patients with primary HCC

To investigate the association between recurrence-free survival
time in HCC patients in the TRMT6 high and low expression
groups, we created Kaplan-Meier plots of the RFS of primary
HCC patients in both groups. As shown in Figure 2, high expres-
sion of TRMT6 was associated with poor RFS in primary HCC
patients (p=0.0146, Figure 2A). The results from univariable Cox
regression analysis showed that higher clinical stage and higher
TRMT6 expression were associated with worse RFS. These re-
sults are consistent with those from subsequent multivariable

analysis (Tables 2 and 3). In addition, we analyzed the RFS in
different subgroups according to different clinical stage. High
TRMT6 expression was not significantly associated with poor
RFS in early stages (stage I/Il) (P=0.0674, Figure 2B). Conversely,
high TRMT6 expression was correlated with reduced RFS in ad-
vanced stages (stage I1I/IV) (P=0.0366, Figure 2C). Upregulated
TRMT6 expression is likely an independent prognostic factor
for poor RFS in patients with primary HCC, especially for pa-
tients with advanced disease stages.

Upregulated expression of TRMT6 was associated with
poor OS in primary HCC patients

A log-rank test showed that primary HCC patients with high
mRNA expression levels of TRMT6 exhibited significantly shorter
0S than those with low expression (P=0.0224, Figure 3A). Both
univariable and multivariable analyses showed that clinical stage
and TRMT6 expression significantly influence OS (Tables 2 and 3).
In addition, we analyzed OS in the different subgroups based
on different clinical stages. High expression of TRMT6 was not
significantly associated with poor OS in early stages (stage I/11)
(P=0.179, Figure 3B). Conversely, a trend towards statistical sig-
nificance was found in advanced stages (stage Ill and stage IIl/IV)
(P=0.0537, Figure 3C), potentially due to the relatively small
number of clinical cases in this study. Therefore, overexpression
of TRMT6 remained a negative prognostic indicator in terms of
0S in patients with primary HCC (multivariable analysis, hazard
ratio=2.176, 95% confidence interval: 1.234-3.836, P=0.007).

Sensitivity analysis for RFS and OS based on univariable
and multivariable Cox regression analyses

These results are summarized in Table 4. The findings from all
3 methods were similar and the observed trends were consis-
tent. Only 2 multivariable models related to RFS using TRMT6
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Table 2. Univariable analysis of RFS and OS in patients with primary HCC.

TRMT6 expression (high vs. low) 1.437 (1.051, 1.965) 0.023 1.539 (1.086, 2.180) 0.015
 Age (continuous) 0995 (0.983,1.008) 045 1012(0.998,1.025) 0099
Gender (Female vs. Male) 1016 (0.729,1.416) 0925 1204(0844,1716) 0306
1 1161(0558,2413) 060 0585 (0302, 1134) o112

Race 2 1281(0620,2647) 0504 0786 (0.416,1487) 0459

N Reference | Reference

| BMI (continuous) 0978 (0.952,1.005) 0113  1002(0.973,1.031) 0908
''''''''''''''''''''''''''''''''''' A 0820(0.114,5897) 0843 0470 (0.0653412) 0455
Child-Pugh grade B 1052(0132,8367) 0962 0737 (0.091,5975) 0775
< Reference | Reference

Tumor stage (Wl vs. 4lV) 0392 (0.280,0.549) - ©o01 0420 (0.290,0.608) - 0001
Fibrosis Ovs. 1-6) 0812(0.529,1.245) 0339 1263(0762,2091) 0365
 Histologic grade (G14G2 vs. G3+4G4) 0862 (0.627,1185) 036 0958 (0.668,1375) 0817

Table 3. Multivariate analysis of RFS and OS in patients with primary HCC.

TRMT6 expression (high vs. low) 2.226 (1.313, 3.774) 0.003 3.051 (1.553, 5.996) 0.001
 Age (continuous) 0996 (0.977,1.015) 0674 1027 (1.001,1.054) 0042
 Gender (Female vs. Male) 0730 (0.423,1260) 0258 0612 (0309,1214) 0160
I 0208 (0.057,0753) 0017 0.143 (0.047,0440) - ©o001

Race 2 0775 (0.229,2619) 0682 0316 (0.111,0897) 0030

N Reference | Reference

| BMI (continuous) 0947 (0.900,099) 0034 1038(1.005,1073) 0024
''''''''''''''''''''''''''''''''''' A 1421(0613,3294) 0413  0853(0361,2016 0718
Child-Pugh grade B Notapplicable ~ Notapplicabe
< Reference | Reference

Tumor stage (Wl vs. I4lV) 0425 (0.252,0.716) 0001 0490 (0.252,0953) 0036
Fibrosis Ovs. 1-6) 0620(0.326,1.177) 0144 1414 (0671,298) 0362
 Histologic grade (G14G2 vs. G3+4G4) 0765 (0475,123) 027 0657 (0356,1216) 0181

expression as a continuous variable approached significance enrichment score (NES), we selected 3 signaling pathways that
(p=0.073 and p=0.064, respectively). were the most significantly enriched in the predefined hallmark
gene (Table 5). As shown in Figure 4, GSEA analysis suggested
TRMT6-related signaling pathways identified using GSEA that primary HCC samples in the TRMT6 high expression group
were enriched in the G2M checkpoint (Figure 4A), spermato-
To elucidate the function of the TRMT6 gene in primary HCC ~ genesis (Figure 4B), and MYC targets (Figure 4C). As expected,
patients, we performed GSEA analysis between TRMT6 gene ex- the TRMT6 gene may contribute to poor prognosis through
pression and known oncogenic signaling pathways using TCGA  these biological processes in HCC patients.
data. Based on the false discovery rate (FDR) and the normalized
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Figure 3. The OS of all patients (A), early clinical stage patients (B), and advanced clinical stage patients (C) high expression of TRMT6
group and low expression of TRMT6 group.

Table 4. Gene sets enriched in the samples of primary HCC in the high expression of TRMT6 group.

TRMT6 expression (high vs. low)

TRMT6 expression (continuous variable)

Outcome

Univariable

Multivariable®

3.051 (1.553, 5.996) 3.279 (1.762, 6.099)

2 Model was adjusted for tumor stage based on selection of variables with p<0.1 in univariable analysis; ® Model was adjusted for all
potential confounders presented in Table 1; © Model was adjusted for age and tumor stage based on selection of variables with p<0.1
in univariable analysis.

Table 5. Gene sets enriched in the samples of primary HCC in the high expression of TRMT6 group.

Gene set name ES NES NOM p-val FDR g-val
HALLMARK_G2M_CHECKPOINT 0.578 1.754 0.000 0.034
"""" HALLMARK MYC TARGETS V1 o044l 1g59 0000 0031
"""" HALLMARK SPERMATOGENESIS 0406 1793 0000 0016

Discussion Post-transcriptional regulation of gene expression at the RNA

level, and dynamic and reversible RNA modifications are im-

Liver cancer is one of the principal causes of cancer-related
morbidity and mortality worldwide, resulting in approximately
782 000 newly diagnosed cases and 745 000 deaths in
2012 [16]. However, clinical outcomes for most HCC patients
are poor. Therefore, identifying more efficient biomarkers for
HCC diagnosis and prognosis is urgently needed.

This work is licensed under Creative Common Attribution-
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portant ways to regulate gene expression [17]. Recently, the
contribution of RNA methylation to HCC oncogenesis and prog-
nosis have been reported by several studies [18,19]. M1A is
a recently identified RNA modification that occurs on most dif-
ferent gene transcripts in eukaryotic cells at an estimated av-
erage transcript stoichiometry of 20% in humans, and it exerts
a disruptive function on base pairing, leading to translational in-
hibition [20]. TRMT6, a member of the t-RNA methyltransferase
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Figure 4. Enrichment plots from GSEA. GSEA results showing G2M checkpoint (A), c-MYC target gene (B), and spermatogenesis (C).

6 protein family, is localized to chromosomal 20p12.3. In eu-
karyotes, TRMT6 protein, together with the TRMT61A catalytic
subunit, mediates methylation of adenosine residues at the
N (1) position of subset of mRNAs [21,22]. Macari et al. dem-
onstrated that depletion of TRM6/61 reduced proliferation and
increased death in C6 glioma cells. In addition, TRM6/TRM61
mRNA expression was significantly upregulated in highly ag-
gressive glioblastoma multiforme compared with grade 11/1ll
glioblastomas [23]. Yeon et al. reported that frameshift mu-
tations in the TRMT6 gene might play a role in tumorigenesis
through their inactivation in colorectal adenocarcinoma [24].
However, little is known about the clinical value or biolog-
ical function of TRMT6 in HCC patients. The present study
found that TRMT6 mRNA is clearly overexpressed in HCC tis-
sues compared to normal tissues. Comparing the clinicopath-
ological parameters with the TRMT6 mRNA expression levels
in tissues of HCC patients, our study revealed statistically sig-
nificant differences in HCC patients in race, fibrosis, and his-
tological grade (P<0.001) between high and the low TRMT6
gene expression groups. Moreover, patients with high TRMT6
expression levels exhibited poor disease prognosis. These re-
sults demonstrate that TRMT6 gene expression plays a role in
liver tumorigenesis and might predict poor clinical outcome in
HCC patients. GSEA results suggested that TRMT6 plays a role
in cell cycle progression, proliferation, apoptosis, and cellular
transformation in primary HCC cells through the G2M check-
point, spermatogenesis, and MYC signaling pathways. These
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