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Purpose: The TRMTI2 is a novel oncogene involved in breast cancer. However, the
association between TRMTI2 and head and neck squamous cell carcinoma (HNSCC)
remains unclear.

Materials and methods: The levels of TRMT12 mRNA in HNSCC and normal tissues
were analyzed using data from the Cancer Genome Atlas-HNSC. The expression of TRMT12
was also determined using quantitative real-time polymerase chain reaction in 165 paired
HNSCC and adjacent normal tissues, which were used as the validation cohort.

Results: TRMT12 expression was significantly increased in HNSCC tissues versus normal
tissues. High TRMT12 expression was significantly associated with human papillomavirus
infection, perineural invasion, tumor invasion, lymphatic metastasis, and clinical stage.
Moreover, elevated TRMTI12 expression was correlated with unfavorable overall survival
(hazard ratio [HR]: 1.711, 95% confidence interval [CI]: 1.141-2.567, P=0.009) and recur-
rence-free survival (HR: 1.648, 95% CI: 1.060-2.563, P=0.027) in HNSCC patients.
Conclusion: TRMTI2 was significantly upregulated in HNSCC tissues, which may be
attributed to both genetic and epigenetic alterations. Increased TRMT12 expression may be
involved in the progression and metastasis of HNSCC, and serve as an independent biomar-
ker of poor prognosis in HNSCC with respect to overall survival and recurrence-free
survival.

Keywords: tRNA methyltransferase 12 homolog, bioinformatics, head and neck squamous

cell carcinoma, prognosis, survival

Introduction

Head and neck cancer is the sixth most common type of cancer and fifth
leading cause of cancer-related death worldwide. The highest prevalence is
reported in south-central Asia, northern America, and central Europe.' Head
and neck squamous cell carcinoma (HNSCC) accounts for approximately 90%
of all head and neck cancer cases. According to the International Agency for
Research on Cancer, the global annual incidence of HNSCC is more than 1
million cases.” Although excessive use of tobacco and alcohol are the primary
etiological factors of HNSCC, there is increasing molecular and epidemiolo-
gical evidence supporting the causal role of human papillomavirus (HPV)
infection in HNSCC, especially for oropharyngeal cancer.’ Despite great
achievements based on manifold interdisciplinary treatment approaches, the
survival rate of HNSCC patients has not improved significantly in the
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previous decades.’ Notably, the 5-year survival rate of
patients with HNSCC is <50%." Traditional prognostic
factors, such as tumor—node—metastasis stage, histolo-
gical grade, positive surgical margins, and perineural
invasion, are currently used to predict the outcome of
HNSCC.* However, these factors are inadequate to
predict the prognosis of individual patients, due to
the heterogeneous molecular mechanisms and tumor
behaviors linked to HNSCC.? Therefore, identification
of biomarkers associated with clinical outcomes of
HNSCC may facilitate proper therapeutic decision-
making and improve prognosis. Nevertheless, thus
far, research studies have not successfully identified
clinically useful biomarkers of prognosis in HNSCC.

The TRMTI12 gene is the human homolog to the yeast
TRM12 gene,’® and is a tRNA methyltransferase catalyzing
the third step in the biochemical pathway to form wybu-
tosine. The latter is a hypermodified guanosine at the 3-
prime position adjacent to the anticodon of phenylalanine
tRNA, stabilizing codon-anticodon interactions during
decoding on the ribosome.” A recent report revealed that
overexpression of TRMTI2 in both breast cancer tissues
and cell lines may lead to disruption of the wybutosine
biochemical pathway. This results in hypomodified pheny-
lalanine tRNA which may ultimately lead to translational
errors in cancer cells.® However, the expression profile of
TRMTI2 and its role in other types of cancer (including
HNSCC) remain unclear.

The Cancer Genome Atlas (TCGA) Data Portal —
established by the National Cancer Institute’s Center for
Cancer Genomics and the National Human Genome
Research Institute — contains DNA, RNA, protein, and
survival data related to various types of cancer, including
HNSCC (http://cancergenome.nih.gov/).” In the present
study, the expression profile, clinical significance, prog-
nostic value in terms of overall survival (OS) and recur-
rence-free (RFS), and mechanism of
dysregulation of TRMTI12 in HNSCC were investigated
through data mining from the TCGA.

survival

Materials and methods

Data mining — HNSCC

The level-3 data of primary HNSCC in the TCGA cohort
(Project Id: TCGA-HNSC) were obtained using the
University of California Santa Cruz Xena browser (https://
xenabrowser.net/). Via this approach, TRMT12 RNA-sequen-
cing data, TRMT12 Illumina Human Methylation 450K data,

and details of the clinicopathological characteristics of patients
(ie, sample type, age at initial pathologic diagnosis, gender,
alcohol history, tobacco smoking history, anatomic neoplasm
subdivision, HPV status by p16 testing, neoplasm histologic
grade, pathologic T, pathologic N, pathological stage, OS
status, and OS time) were collected and downloaded for
secondary analysis. The RNA-sequencing data was normal-
ized based on the values of reads per kilobase of transcript per
million mapped reads. A total of 517 HNSCC patients with
integrated TRMT12 expression and OS data were divided into
high and low TRMT12 expression groups. This classification
was performed according to the maximum Youden index
based on receiver operating characteristic curves for the detec-
tion of death in HNSCC patients. Accordingly, there were 339
and 178 patients in the high and low TRMTI2 expression
groups, respectively. The mean B values of five CpG probes
(cgl1829072, cg25375711, cg26547947, cg22853986, and
cg00846483) mapping 200 bp downstream of the transcription
start sites of TRMT12 were defined as the level of methylation
of the TRMTI2 promoter. TRMTI2 genetic alterations
reported in TCGA-HNSC were examined using the cBio-
Portal for Cancer Genomics (http://www.cbioportal.org/).'’

Collection of tissue specimens

To validate the findings of the bioinformatics analysis, 165
HNSCC tissues with adjacent non-tumorous tissues were
collected from the Ningbo Medical Centre Lihuili Hospital
(Ningbo, China) and the Affiliated Tumor Hospital of
Xiangya Medical School (Changsha, China) between
February 2004 and November 2018. None of the patients
received treatment prior to surgical excision. The final diag-
nosis was histopathologically confirmed by two pathologists
according to the clinical practice guidelines established by
the National Comprehensive Cancer Network. Tumors were
determined according to the seventh edition of the tumor—
node—metastasis  staging system produced by the
International Union Against Cancer. All specimens were
preserved in RNA-fixer Reagent (Bioteke, Beijing, China)
at —80 °C. The clinical and survival data of all patients were
collected. The median follow-up period was 24 months
(interquartile range: 14—43 months). During the follow-up,
13 patients were lost and 70 patients expired.

This study was approved by the Human Research Ethics
Committee of Ningbo Medical Centre Lihuili Hospital
(Ningbo, China) and the Affiliated Tumor Hospital of
Xiangya Medical School (Changsha, China). All patients
provided written informed consent prior to their participation
in this study.
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Extraction of total RNA and quantitative
real-time polymerase chain reaction (qRT-
PCR)

Total RNA was extracted from the frozen tissues using the
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to
the instructions provided by the manufacturer. Reverse tran-
scription and qRT-PCR was performed as previously
described.'' In the present study, the housekeeping gene gly-
ceraldehyde 3-phosphate dehydrogenase was used as an endo-
genous control to normalize the cycle threshold (C¢) value. The
primers were synthesized by Huada Biotech (Shen Zhen,
China) and their sequences were as follows: TRMT12, forward:
5-GGGAGAGACGCTTCCAGAG-3' and reverse: 5'-
GAGCTGCGTGAGCATACAGG-3'; and glyceraldehyde 3-
phosphate dehydrogenase, forward: 5'-
CCATGGAGAAGGCTGGGG -3 and reverse: 5'-
CAAAGTTGTCATGGATGACC -3'. The PCR conditions
were as follows: 95 °C for 10 min, 45 amplification cycles at
95 °C for 20 s, 55 °C for 35 s, and 70 °C for 30 s. The
expression of TRMT12 was calculated using the ACt method.
All experiments were performed in triplicate.

Statistical analysis

All statistical analyses were performed using the IBM SPSS,
version 20.0 (IBM Corp., Armonk, NY, USA) and R 3.5.1
software (https://www.r-project.org/), which were also used to
generate figures. Independent Student’s #-tests were applied to
identify correlations between TRMT2 expression and clinical
features of HNSCC. Receiver operating characteristic (ROC)
curve was used to evaluate the diagnostic value of TRMT2 for

HNSCC. OS and RFS were compared between the high and
low TRMT12 expression groups using Kaplan—-Meier curves,
and log-rank tests were performed to evaluate the difference
between the survival curves. A univariate cox proportional
hazards model was utilized to determine 7TRMT12 expression
and established important clinicopathologic features associated
with OS or RFS. Hazard ratios (HR) with 95% confidence
intervals (CI) were obtained for each variable. A multivariate
cox proportional hazards model was utilized to verify the
correlations between TRMTI2 expression and survival along
with significant clinical features identified in the univariate
analysis. The correlation between TRMTI2 expression and
methylation was tested using the Spearman’s rank correlation
coefficient. A P<0.05 denoted statistical significance.

Results
TRMT 12 expression is upregulated in
HNSCC versus normal head and neck

tissue

Using mRNA-sequencing data from the Xena browser, we
reviewed the expression of TRMT12 in 520 HNSCC tissues
and 44 head and neck normal tissues in TCGA-HNSC. By
comparing with the normal tissue, we found that the expression
of TRMT12 was significantly upregulated in HNSCC patients
in the TCGA database (Figure 1A and B, P=3.79E—10). The
gRT-PCR analysis of the 165 paired HNSCC samples con-
firmed that the expression of TRMT12 was significantly upre-
gulated in HNSCC tissues versus adjacent normal tissues
(P=3.85E-30, Figure 1C).

A sample type  TRMT2 expression B 12- P =3.79E-10 C 25- P=3.85E-30
P— TCGA cohort Validation cohort
5= ' 20
% E 91 2 > Q
5@ = 154
Q. £ ﬁ _—
E g 0 §
~ ~—
~ o~ O 104
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~ - &
—_— 3 T T 0 : —
sl W HNSCC Normal HNSCC  Adjacent-normal
ot N=520 N=44 N=165 N=165

Figure | TRMTI2 expression levels were significantly elevated in HNSCC tissues versus adjacent normal tissues. Heatmap (A) and plot (B) showing increased TRMT/2
expression in HNSCC tissues (N=520) versus normal tissues (N=44) in the TCGA database. (C) TRMT/2 expression levels were significantly higher in HNSCC tissues

(N=165) versus paired non-tumor tissues in our validation cohort.
Abbreviation: N, sample number.
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Correlation between TRMT |2
expression and clinicopathological

features of HNSCC patients

In addition, we analyzed the relationship between TRMTI2
expression and clinicopathological features of HNSCC
patients in the TCGA database. TRMT12 expression was upre-
gulated in HPV-negative patients versus HPV-positive patients
(8.42640.528 vs 7.686+1.277, respectively, P=0.001, Table 1).
Perineural invasion-positive patients presented with signifi-
cantly higher levels of TRMT12 expression versus perineural
invasion-negative patients (8.487+0.752 vs 8.231+0.861,
respectively, P=0.003, Table 1). In addition, the expression of
TRMT12 was higher in those with an advanced T stage (T1/2:
8.203+0.807 vs T3/4: 8.421+0.800, P=0.004, Table 1).
Moreover, TRMTI2 expression increased in patients with
lymph node metastasis versus those without lymph node
metastasis (N1-N3: 8.451+0.809 vs NO: 8.201+0.785, respec-
tively, P=0.002, Table 1). Significantly elevated levels of
TRMT1I?2 expression were found in patients with an advanced
clinical stage (I + II: 8.073+0.852 vs III + IV: 8.409+0.783,
P=2.28E—-04, Table 1). Subsequently, by analyzing the clini-
copathological characteristics of 165 patients in our validation
cohort, we observed that the differences in TRMT12 expression
were related to history of alcohol consumption (P=0.015,
Table 2), tumor invasion (P=0.005, Table 2), lymphatic metas-
tasis (P=0.026, Table 2), and clinical stage (P=0.001, Table 2).
However, TRMT12 expression was not related to other clin-
icopathological features.

The diagnostic value of TRMT12 for

HNSCC

We assessed the diagnostic value of TRMTI2 for HNSCC
using ROC curve analysis, which is a synthesized index that
reflects the accuracy of diagnostic test. An area under the ROC
curve (AUC) close to 1.0 signifies that the test has almost
perfect diagnostic value. The maximum Youden index was
used as a cut-off point. We found TRMT12 expression yielded
an AUC of 0.760 (95% CI: 0.712-0.808), a sensitivity of
57.7% and a specificity of 97.7% (Figure 2).

High TRMT |2 expression is an independent

risk factor of OS in HNSCC patients

A total of 517 HNSCC patients, with complete TRMT12
expression and OS data in the TCGA-HNSC, were
enrolled to investigate the prognostic value of TRMTI2.
Based on the best performing threshold, the Kaplan—

Table | Association between TRMTI2 expression and clinico-
pathological characteristics of HNSCC patients in the TCGA
database

Characteristics N Mean = SD P-value

Gender
Female 136 8.282+0.692 0.573
Male 384 8.327+0.847

Age
<60 years 233 8.238+0.919 0.056
260 years 286 8.379+0.703

Smoking history
No 117 8.250+0.747 0.362
Yes 391 8.328+0.828

Alcohol history
No 162 8.236+0.788 0.105
Yes 347 8.360+0.810

Histologic grade
Gl+2 366 8.368+0.782 0.054
G3+4 132 8.198+0.888

Tumor site
Oral cavity\Pharynx | 404 8.309+0.835 0.737
Larynx 116 8.338+0.712

HPV status
Negative 73 8.426+0.528 0.001
Positive 38 7.686x1.277

Perineural invasion
Negative 193 8.231+0.861 0.003
Positive 169 8.487+0.752

Pathologic tumor
Tis/T1/T2 185 8.203+0.807 0.004
T3/T4 273 8.421+0.800

Pathologic nodal
No 176 8.201+0.785 0.002
Yes 244 8.451+0.809

Pathologic stage
I+ 11 101 8.073+0.852 2.28E-04
I+ v 347 8.409+0.783

Abbreviation: N, sample number.

Meier analysis showed that high TRMTI2 expression
was associated with worse OS (log-rank P=2.26E—05,
Figure 3A). In addition, 152 HNSCC patients with
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Table 2 Association between TRMTI2 expression and clinico-
pathological characteristics of HNSCC patients in the validation

cohort

Characteristics N Mean = SD P-value

Gender
Female 37 6.630+2.339 0.859
Male 128 6.550+2.426

Age
<60 years 90 6.885+2.179 0.066
260 years 75 6.186+2.604

Smoking history
No 57 6.700+2.327 0.615
Yes 108 6.500+2.446

Alcohol history
No 107 6.903+2.244 0.015
Yes 58 5.953+£2.571

Histologic grade
Well/moderately 115 6.690+2.357 0.323
Poorly 50 6.287+£2.496

Tumor site
Oral cavity/Pharynx | 131 6.484+2.391 0.382
Larynx 34 6.889+2.439

Tumor Invasion
Tis/TI1/T2 63 7.195+1.959 0.005
T3/T4 102 6.180+2.568

Lymphatic metastasis
No 69 7.057+2.224 0.026
Yes 96 6.216+2.470

Clinical stage
I+l 80 7.226x2.157 0.001
I+ 1v 85 5.948+2.463

Abbreviation: N, sample number.

sufficient OS data were analyzed to confirm this finding.
The Kaplan—Meier analysis confirmed that high TRMT12
expression was associated with shorter OS (log-rank
P=0.01, Figure 3B) in our validation cohort. The sub-
group analyses were performed according to TRMTI?2
significantly associated clinicopathological features. By
generating Kaplan—Meier curves of OS, we showed that
high TRMTI2 expression significantly affected the OS in
the following HNSCC patients: HPV-negative (log-rank
P=7.8E—04, Figure 4A and B), perineural invasion-

ROC Curve
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Figure 2 The receiver operating characteristic (ROC) curve. The arrow points to
the intercept.

negative (log-rank P=0.015, Figure 4C and D), lymph
node metastatic (log-rank P=0.002, Figure 4E and F),
and advanced clinical stage (log-rank P=0.003, Figure
4G and H). However, subgroup analysis indicated that
high TRMTI2 expression was associated with signifi-
cantly worse OS in both early T stage (log-rank
P=0.023, Figure 4I) and advanced T stage (log-rank
P=0.002, Figure 4J]) patients. Subsequently, a Cox pro-
portional hazards model was performed to assess the
independent risk factors of OS in HNSCC patients. In
the univariate model, age (HR: 1.318, 95% CI: 1.003—
1.731, P=0.047), gender (HR: 1.349, 95% CI. 1.014—
1.796, P=0.047), perineural invasion (HR: 2.135, 95%
CI.  1.516-3.007, P=1.42E-05), pathologic
(HR: 1.754, 95% CI: 1.203-2.558, P=0.004), and
TRMTI2 expression (HR: 1.910, 95% CI: 1.409-2.591,
P=3.11E—05) were significantly associated with OS. After
adjustment of the prognostic risk factors, the subsequent
multivariate analysis confirmed that high TRMTI2
expression (HR: 1.711, 95% CI: 1.141-2.567, P=0.009),
perineural invasion positive (HR: 1.984, 95% CI: 1.387-
2.838, P=1.76E—04), and advanced pathologic stage (HR:
1.830, 95% CI: 1.104-3.035, P=0.019) were independent
prognostic factors of poor OS in HNSCC patients. All
independent risk factors and their HR with 95% CI are
listed in Table 3.

stage
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Figure 3 Kaplan—Meier analysis of 517 HNSCC patients (A) in the TCGA database and 152 HNSCC patients (B) in our validation cohort with recorded TRMTI2
expression and OS data. High TRMTI2 expression was significantly associated with worse OS in HNSCC patients in both the TCGA and validation cohorts.

High TRMT 12 expression independently

predicted poor RFS among HNSCC patients
Using the TCGA dataset that contained follow-up data of
HNSCC recurrence in 425 patients, we produced Kaplan—
Meier curves to determine whether TRMT12 expression was
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sion (P=0.005). The univariate Cox proportional hazards
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Figure 4 Subgroup analysis of Kaplan—Meier plotter. (A, B): High expression of TRMT 2 was associated with worse OS in HPV-negative patients but not in HPV-positive patients. (C,
D): TRMTI2 high expression was associated with shorter OS in perineural invasion-negative patients but not in perineural invasion-positive patients. (E, F): Increased TRMT|2
expression was correlated with poor OS in lymph node-positive patients but not in lymph node-negative patients. (G, H): Elevated TRMT |2 expression was linked to shorter OS in
patients with advanced-stage disease but not in patients with early-stage disease. (1, }): Elevated TRMT /2 expression was correlated with poor OS in both T1/2 and T3/4 patients.
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Table 3 Univariate and multivariate analyses of overall survival in HNSCC patients

Characteristics Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value
Age (<60 years vs 260 years) 1.318 1.003-1.731 0.047 1.057 0.746—1.498 0.755
Gender (Female vs male) 1.349 1.014-1.796 0.040 1.132 0.767-1.672 0.532
Smoking history (Yes vs No) 1.123 0.803-1.572 0.498 - - -
Alcohol history (Yes vs No) 0.942 0.709-1.252 0.680 - - -
Histologic grade (G3/4 vs G1/2) 0.867 0.637-1.180 0.363 - - -
Perineural invasion (Yes vs No) 2.135 1.516-3.007 |.42E-05 1.984 1.387-2.838 1.76E—04
Pathologic stage (Ill + IV vs | + 1) 1.754 1.203-2.558 0.004 1.830 1.104-3.035 0.019
TRMT 2 expression (High vs Low) 1910 1.409-2.591 3.11E-05 1.711 1.141-2.567 0.009

Abbreviations: HR, hazard ratio; Cl, confidence interval.

o
2— e Low TRMT 12 expression (N=326)
== High TRMT12 expression (N=109)
o _|
©
o _|
_©
&
(7]
(T8
o
o
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o]
«
log-rank test statistics=8.06
p = 0.00452
o T T T
0 5 10 15

Time(Years)

Figure 5 Kaplan-Meier analysis of 435 HNSCC patients with recorded TRMT/2
expression and RFS data. High TRMT /2 expression was significantly associated with
worse RFS in HNSCC patients.

analysis showed that alcohol consumption (HR: 1.809, 95%
CI: 1.130-2.896, P=0.014), advanced stage (HR: 2.302, 95%
CIL: 1.249-4.242, P=0.007), and high TRMT12 expression
(HR: 1.864, 95% CI: 1.255-2.769, P=0.002) were associated

with worse RFS in HNSCC patients (Table 4). Subsequently,
the multivariate Cox proportional hazards analysis confirmed
that advanced stage (HR: 2.036, 95% CI: 1.095-3.785,
P=0.025) and high TRMT12 expression (HR: 1.648, 95% CI:
1.060-2.563, P=0.027) were independent prognostic factors of
poor RFS (Table 4).

TRMT |2 upregulation was related to DNA

amplification and promoter hypomethylation
in HNSCC

To further investigate the mechanism of TRMT12 dysregulation
in HNSCC, we examined its genetic and epigenetic alterations
in TCGA-HNSC using the sequencing and copy number altera-
tions data of 504 HNSCC patients in TCGA-HNSC. Our
analysis revealed that 53 HNSCC patients (11%) had genetic
alterations of TRMT12, with amplification being the predomi-
nant type of alteration (Figure 6A). Further plot analysis using
the cBio-Portal for Cancer Genomics showed that amplification
was associated with increased TRMT12 expression in HNSCC
(Figure 6B). Subsequently, we analyzed the expression of
TRMT]2 and the methylation status of its promoter using data

Table 4 Univariate and multivariate analyses of recurrence-free survival in HNSCC patients

Characteristics Univariate analysis Multivariate analysis
HR 95% CI P-value HR 95% ClI P-value
Age (<60 years vs 260 years) 1.291 0.878-1.899 0.194
Gender (Female vs male) 0.894 0.571-1.401 0.626
Smoking history (Yes vs No) 0.973 0.626-1.513 0.904
Alcohol history (Yes vs No) 1.809 1.130-2.896 0.014 1.463 0.891-2.403 0.132
Histologic grade (G3/4 vs G1/2) 0.821 0.526-1.281 0.384
Perineural invasion (Yes vs No) 1.576 0.990-2.511 0.055
Pathologic stage (Ill + IV vs | + 1) 2.302 1.249-4.242 0.007 2.036 1.095-3.785 0.025
TRMT 2 expression (High vs Low) 1.864 1.255-2.769 0.002 1.648 1.060-2.563 0.027
Abbreviations: HR, hazard ratio; Cl, confidence interval.
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Figure 6 Association between genetic alteration of TRMT/2 and its expression in HNSCC tissues. (A) Sequencing and copy number alterations of TRMT/2 in 504 HNSCC
cases. TRMT 12 was altered in 11% (53/504) of sequenced HNSCC patients. (B) Box plots showed that DNA amplification was associated with elevated TRMT |2 expression
in HNSCC.
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Figure 7 Correlation between TRMTI2 expression and the methylation status of its promoter in HNSCC tissues. Heatmap (A) and plot (B) showing that TRMT/2
expression was negatively correlated with the methylation status of its promoter in HNSCC.
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from 520 HNSCC patients. We observed a strong negative
correlation (Pearson’s r = —0.639, P=6.16E—61) between
TRMT12 expression and promoter methylation (Figure 7).

Discussion

Progress achieved in the fields of genetics and molecular
biology has promoted the rapid development of persona-
lized treatment and management of cancer.” the identifica-
tion of crucial biomarkers may contribute to improved
individualized treatment and prognosis of HNSCC.'?
Rodriguez was the first to report the high expression of
TRMTI?2 in breast cancer.® However, few studies have
investigated TRMT12 expression in other cancers, including
HNSCC. In the present study, using bioinformatics analysis
based on TCGA-HNSC data and our validation patient
cohort, we initially determined the expression profile of
TRMTI2 in HNSCC. The results showed that HNSCC
tissues exhibited significantly elevated TRMT12 expression
compared with normal head and neck tissues, indicating its
potential function as an oncogene in this setting.

Furthermore, we assessed the clinical significance of
TRMT12 expression in HNSCC using the TCGA cohort and
validation cohort. Increasing evidence has shown that HPV
infection is an independent pathogenic factor of HNSCC.'*'
HPV-positive and -negative HNSCC patients differ in terms of
the molecular mechanisms underlying their respective onco-
genic processes and clinical outcomes.'>'® HPV-positive
patients are more susceptible to radiation and chemotherapy
with a favorable prognosis versus HPV-negative patients.'” In
the TCGA cohort, we observed that TRMT12 expression was
significantly elevated in HNSCC patients without HPV infec-
tion versus those with HPV infection. This finding indicated
that TRMT12 may play an important role in HNSCC carcino-
genesis, specifically in HPV-negative patients. Additionally,
data obtained from the TCGA showed that high TRMTI2
expression was related to perineural invasion, tumor invasion,
lymphatic metastasis, and advanced pathologic stage. This is
consistent with the findings observed in the validation cohort
for the expression of TRMT12 in HNSCC patients, suggesting
that TRMT12 may be involved in the progression and metas-
tasis of this type of cancer.

In the present study, we also constructed ROC curves
and calculated the AUC to determine the diagnostic value
of TRMTI2 expression for HNSCC. Although the AUC
and sensitivity were not encouraging, the specificity was
close to 1.0, signifying that TRMTI2 expression might
have excellent diagnostic accuracy for HNSCC combining
with other high sensitivity biomarkers.

Although surgical resection remains the mainstay treat-
ment for HNSCC, adjuvant therapy (ie, immunotherapy,
radiotherapy, and chemotherapy) have achieved great pro-
gress in recent years, especially in patients with advanced
HNSCC.>"® Due to tumor heterogeneity and resistance to
chemotherapy, the prediction of high-risk HNSCC patients
and application of precision therapy remain challenges for
both clinicians and pathologists.'® Therefore, the use of
reliable predictive biomarkers is urgently required to guide
treatment selection in HNSCC patients. In the present
study, by generating Kaplan—Meier curves of OS, we
observed that high TRMTI2 expression was significantly
associated with unfavorable OS in both the TCGA and
validation cohorts. Subsequent univariate and multivariate
cox proportional hazards analyses showed that high
TRMT1]2 expression was an independent prognostic factor
of poor OS. These findings imply that TRMT12 upregula-
tion may serve as a predictive biomarker of patient prog-
nosis. Interestingly, subgroup analyses showed that high
expression of TRMTI2 was associated with worse OS in
the following patients: HPV-negative, perineural invasion-
negative, lymph node metastatic, and advanced clinical
stage. These findings demonstrated the specific prognostic
role of TRMT12 expression and its potential contribution
to the development of precision therapy against HNSCC.

Despite aggressive, site-specific, multimodal therapy, a
considerable proportion of HNSCC patients develop locore-
gional recurrence, which adversely impacts treatment and
survival. Hence, recurrence is an important factor in the choice
of treatment.'>? In this study, we also investigated the asso-
ciation of TRMTI2 expression with recurrence in HNSCC
patients using the TCGA cohort. The Kaplan—-Meier analysis
showed that elevated TRMTI2 expression was significantly
correlated with unfavorable RFS. Subsequently, univariate and
multivariate Cox proportional hazards analyses confirmed that
high TRMT12 expression was an independent factor of unfa-
vorable RFS in HNSCC patients. This evidence indicated that
TRMT12 upregulation may be useful in treatment stratification
and surveillance for recurrence of HNSCC.

Subsequently, the potential underlying mechanisms of
TRMT12 upregulation in HNSCC were investigated. DNA
amplification is an important form of copy number varia-
tion, which refers to a form of genomic structural variation.
This results in abnormal gene copy numbers.' Moreover,
DNA amplification is an important influential factor for the
expression of both protein-coding and non-coding genes,
affecting the activity of various signaling pathways in
numerous types of cancer.”** In this study, we performed
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an analysis of TRMT12 DNA amplification and expression
data in TCGA-HNSC using the cBio-Portal. We found that
DNA amplification was associated with elevated TRMT12
expression. We further examined the potential association
between the methylation status of the TRMT12 promoter
and its mRNA expression. As a major form of epigenetic
modification, aberrant methylation in the promoter region is
associated with gene expression in numerous types of
cancer,”*** including HNSCC.?® The results revealed that
promoter hypomethylation was significantly associated
with increased TRMTI2 expression. These findings indi-
cated that both genetic and epigenetic alterations contribute
to the dysregulation of TRMT12 in HNSCC.

Conclusion

The present findings demonstrated that TRMT12 was signifi-
cantly upregulated in HNSCC tissues, and this upregulation
may be attributed to both genetic and epigenetic alterations.
The increased TRMT12 expression may be involved in the
progression and metastasis of HNSCC. Additionally, ele-
vated TRMTI2 expression was an independent biomarker
of poor prognosis in HNSCC with respect to OS and RFS.
However, the mechanism through which TRMT12 functions
as an oncogene in HNSCC remains to be determined.
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