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Cover figure. A) Flow diagram of study; B) Heatmap of the correlations between 21 m6A genes
and the 15 prognostic m6A-related long non-coding RNAs (IncRNAs); G) The LASSO coefficient
profile in training set; D) The LASSO profile according to the minimal criterion and 1-se criterion
in training set; E) Multivariate Cox regression analysis showed prognostic m6A-related IncRNAs
in training set; F) Kaplan-Meier curves showed that the head and neck squamous cell carcinoma
(HNSCC) patients had worse overall survival in the high-risk subgroup in the training set; G) Risk
scores and survival status of HNSCC patients in training set; H) The receiver operating character-
istic curves of risk model for predicting 1-, 3-, and 5-year survival in the training set.
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m6A-related IncRNAs for prognosis and tumour microenvironment in HNSCC

Summary

Objective. This study aimed to investigate the role of m6A-related long non-coding RNAs (IncRNAs) in the prognosis and tumour microenvironment of head
and neck squamous cell carcinoma (HNSCC).

Methods. 497 samples from The Cancer Genome Atlas were analysed to identify m6A-related IncRNAs via correlation models. Tripartite regression models,
Kaplan-Meier analysis and nomograms were then utilised to assess the prognostic significance of these IncRNAs. Tumour mutation burden and immune
cell infiltration analyses were also performed. Moreover, m6A-related IncRNAs expression and relation with IGF2BP2 were confirmed by RT-qPCR.
Results. The risk model revealed that high-risk scores predicted poorer survival outcomes. The area under ROC curves for predicting 1-, 3-, 5-year sur-
vival in the training set were 0.70, 0.68, and 0.64, respectively. Seven key m6A-related IncRNAs showed associations with immune checkpoint molecules,
especially CTLA4 and PD-1. Finally, we found that knockdown of TUG1 repressed the expression of IGF2BP2.

Conclusions. Our results suggest that the m6A-related IncCRNA risk model has potential clinical utility in predicting prognosis and immunotherapeutic
responses in patients with HNSCC. Identification of candidate compounds for immunotherapy further emphasises the model’s relevance in guiding treat-

ment decisions for HNSCC.

Key words: head and neck cancer, squamous cell carcinoma, N6-methyladenosine, long non-coding RNA, tumour microenvironment

Introduction

Head and neck squamous cell carcinoma (HNSCC), the most
common head and neck tumour, develops from mucosal epi-
thelium in the oral cavity, pharynx, and larynx. Due to high
recurrence rates and resistance to chemotherapy, patients with
HNSCC have poor survival rates and limited treatment options.
Therefore, it is urgent to search for novel biomarkers to predict
prognosis and identify targets for immunotherapeutic strategies.
Long non-coding RNAs (IncRNAs) predominantly associ-
ate with many cellular processes, and aberrantly expressed
IncRNAs have been shown to regulate growth of HNSCC.
For example, IncRNA HOX transcript antisense RNA has
been reported to modulate the progression of HNSCC .
LINCO00355 is a promoter of HNSCC by hindering micro-
RNA-195-mediated suppression of HOXA10 expression 2.
N6-methyladenosine (m6A) is a dominant and abundant
transcriptome modification. m6A mediates various aspects
of RNAs (such as RNA translation, processing, transport,
and stability) by effector proteins (“writers”, “readers”, and
“erasers”) ®. As has been shown previously, m6A modifica-
tion of IncRNAs plays a critical role in cancer * and m6A
modification is vital in the enrichment and regulation of
IncRNAs °. m6A modification regulates IncRNAs at specific
DNA sites and induces the binding of RNA-binding proteins
via providing the “reader” with a binding site or regulating
the structure of local RNA °. Nevertheless, the specific role
of m6A effectors in IncRNAs in HNSCC remains unclear.
The tumour microenvironment (TME) is emerging as a new
immunotherapeutic strategy to monitor tumour growth, and
many IncRNAs participate in intracellular signalling in the
TME. Recently, accumulating studies have suggested that
IncRNAs are critical regulators of tumour development and
cancer-associated immune responses "8, However, little is
known about the association between IncRNA expression
patterns and TME in HNSCC.

Aberrantly expressed IncRNAs and the TME are tightly
implicated in progression and prognosis of HNSCC. There-
fore, it is useful to identify targets through exploring the
mechanism of m6A-related IncRNAs in HNSCC progres-
sion. This work systematically assessed the effects of m6A-
related IncRNAs on the prognosis and TME of HNSCC
based on The Cancer Genome Atlas (TCGA) dataset (n =
497). Moreover, the m6A-related IncRNA risk model and
the relationship of m6A-related IncRNAs with the TME
were explored to forecast the overall survival (OS) of pa-
tients with HNSCC. Finally, a nomogram was established.

Materials and methods

Datasets information and selection of m6A-related
IncRNAs

RNA sequence transcriptome data, clinical information, and
mutation data of HNSCC patients were obtained from the
TCGA database (https://portal.gdc.cancer.gov/). Clinical
information contained sex, age, TNM classification, tumour
stage, survival outcomes and OS. HNSCC patients with miss-
ing OS values or OS < 0.1 month were excluded to reduce
statistical bias in our analysis. Ultimately, 497 patients were
included and allocated (training set: testing set = 8:2). In de-
tail, 133 patients were females and 364 patients were males;
244 were 60 years of age or younger, whereas 253 were older
than 60 years. A total of 282 individuals were living and 215
had died. Regarding tumour stage, 94 were categorised as ei-
ther stage I or II, 365 were classified as stage III or IV, while
staging information for 68 patients was unknown. In terms of
TNM classification, 156 were T1 or T2, 258 were T3 or T4,
while T category was unknown in 83 patients. Lymph node
involvement was categorised as NO or N1 in 221 patients, N2
or N3 in 226 patients, and unknown for 113 individuals. Ad-
ditionally, the metastasis status was MO for 163 patients and
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MI for one patient, and for 333 patients was unknown. From
the TCGA database, we extracted expression matrixes of 21
mo6A-related genes. In all, 1171 m6A-related IncRNAs were
identified via the criteria: (1) Pearson’s correlation analysis
and [Pearson Rl > 0.4, (2) p < 0.001.

Establishment and validation of the risk model

The entire TCGA dataset was randomly allocated into a train-
ing and testing set at a ratio of 8:2. The training set was utilised
for m6A-related IncRNA risk model construction, which was
then validated using the entire set and testing set. According
to HNSCC survival information in TCGA, the prognosis of
1171 m6A-related IncRNAs was screened (p < 0.05). Univari-
ate Cox regression and LASSO-Cox regression were conduct-
ed, and 36 m6A-related IncRNAs were found to be distinctly
related to the OS of patients. A 15-m6A-related IncRNA risk
model was ultimately established after analysing the 36 m6A-
related IncRNAs via multifactor Cox regression. The risk
score was calculated with the formula reported previously °.
The groups were divided into low- and high-risk based on the
median risk score.

Exploration of the model in the immunotherapeutic
treatment

The R package maftools was used to explore mutation data.
The tumour-specific mutated genes were found and TME
was evaluated.

Kaplan-Meier survival analysis

Kaplan-Meier survival analysis was employed to evalu-
ate the diversity in the OS between the high- and low-risk
groups. The R packages survMiner and survival were tools
used in this process.

Independence of the m6A-related IncRNAs risk model
To test whether the risk model has prognostic pattern and
variable was independent, the multivariate and univariate
Cox regression analyses were conducted.

Establishing and proving a predictive homogram
The nomogram showed predictive ability of the m6A-related
IncRNA risk model, and the 1-, 3-, and 5-year OS were set up.

Clinical tissue sampling

Four laryngeal cancer tissue samples and 4 adjacent noncan-
cerous tissue samples were collected from October 2021 to
January 2022 from patients who underwent surgical resection
at Second Xiangya Hospital with the approval of the Ethics
Committee of Second Xiangya Hospital. Written informed
consent was obtained from all patients enrolled, and the ethics
acceptance ID was 2019EA.NO(RO008). All tissue samples
were preserved by snap freezing and kept at -80°C.

86

Cell culture and transfection

Human bronchial epithelial cell line 16HBE (SCC150) was
procured from Sigma-Aldrich (St. Louis, MO, USA) and cul-
tivated in Dulbecco’s Modified Minimum Essential Medium
(Corning, Manassas, VA, USA) with 10% foetal bovine serum
(FBS; Corning). The TU686 cell line was procured from Xi-
angya Cell Bank (Central South University, Changsha). Cells
were cultivated in RPMI1640 media containing 10% heat-
inactivated FBS with penicillin/streptomycin at 37°C in 5%
CO,. The IGF2BP2 siRNA (silGF2BP2 #1 and silGF2BP2
#2) was produced by GenePharma (Shanghai, China). Lipo-
fectamine 3000 Reagent (ThermoFisher Scientific, Waltham,
MA, USA) was employed to perform all cell transfections.

gRT-PCR

Total RNA was isolated from target tissues or cells us-
ing Trizol reagent (Invitrogen, Waltham, MA, USA). The
expression levels of target factors were evaluated with a
SYBR Green qPCR assay (Takara, Dalian, China). For data
processing, the 2-AACT method was used taking a-tubulin
expression as an endogenous control.

Statistical analyses

Data from three independent experiments were expressed
as the mean + SD and processed using SPSS17.0 statisti-
cal software (IBM Corporation, Armonk, NY). Differences
between two groups were compared using the Student’s
paired test. Differences among more than two groups in
the above assays were estimated using one-way ANOVA. A
p value < 0.05 was considered significant.

Results

Selection of m6A-related IncRNAs

Combined with the Pearson’s correlation analysis, the
mo6A-related IncRNAs were derived from the TCGA data-
base and associated with one of the 2/ m6A genes (Pearson
R > 0.4 and p < 0.001). After identifying 2/ m6A genes and
14,826 IncRNAs, we obtained 1,171 m6A-related IncR-
NAs. The work flow is shown in the Cover figure (A).

Construction of the m6A-related IncRNAs risk model
In the TCGA training set, m6A-related prognostic IncRNAs
were screened out from 1,171 m6A-related IncRNAs (p < 0.05).
A total of 180 m6A-related IncRNAs depicted correlation with
the OS in patients with HNSCC. For the subsequent multivariate
analysis, 36 m6A-related IncRNAs were selected by LASSO-
penalised Cox analysis (Cover figure, C-D). Combined with 36
mo6A-related prognostic IncRNAs, we constructed a risk model
including 15 m6A-related IncRNAs to assess the prognostic risk
of patients with HNSCC by multivariate Cox ratio hazard re-
gression analysis. Cover figure B shows that the main m6A-re-
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lated IncRNAs had positive correlation with 21 m6A genes. The
Forest plot showed that RP11_1379J22.2, RP11_588K22.2,
RP11_482M8.1, SAP30L_AS1, RP11_348P10.2 and
RP11_575L7.4 were protective factors with HR (Hazard ratio)
<1, while GS1_279B7.2, RP11_379H18.1, JPX, RP11_9819.4,
ALMS1_ITI, NUTM2A_ASI, CTD_2292M16.8,
RP11_884K10.7 and TUG1 were risk factors with HR > 1 (Cov-
er figure, E). In the TCGA training set, patients were grouped
according to median value of risk scores. HNSCC patients in
high-risk subgroups harboured lower OS rates (Cover figure, F).
The patients with high-risk score showed worse survival status
distributions, and some mo6A-related IncRNAs had different
relative expression standards between intra-group (Cover fig-
ure, G). The ROC curves showed that m6A-related IncRNAs
risk model had strong predictive ability in TCGA training set, as
shown by the area under ROC values of 0.70, 0.68, 0.64 for 1-,
3-, and 5-year survival (Cover figure, H).

Validation of the m6A-related IncRNAs risk model
Figures 1A and B showed the relationship between m6A-related
IncRNAs expressions and survival information in the testing set
(Fig. 1A) and entire set (Fig. 1B). Risk scores for each patient in
the testing set and entire set demonstrated this model had good
prognostic capability. HNSCC patients with higher risk scores
had worse OS in the testing set and entire set in accordance with
the findings in the TCGA training set (Fig. 1C-D).

Prognostic analysis and stratification analysis of the
m6A-related IncRNAs and risk model

The subgroups classified by clinical information of the
low-risk group continued to be superior to that of the
high-risk group in the TCGA entire set (Fig. 1E). Kaplan-
Meier survival analyses confirmed that higher expression
of RP11_1379J22.2, RP11_588K22.2, RP11_482M8.1,
SAP30L_AS1, RP11_348P10.2 RP11_575L7.4, RP11-
379H18.1 and RP11-884K10.7, and lower expression of
NUTM2A-AS1, JPX, RP11-1379J22.2, SAP30L-ASI,
RP11-482M8.1, RP11-348P10.2 and GS1-279B7.2 pre-
dicted better OS in the TCGA dataset (Fig. 1F).

Tumour mutation burden analysis and evaluation of
immune cell infiltration characterisation

After examining the mutation data from the TCGA database
via “Maftools” R package, the waterfall plot showed the mu-
tation data for the top 20 genes in each sample (Fig. 2A).
Moreover, mutations were grouped, and missense mutations
and single nucleotide polymorphisms (SNP) and C>T oc-
curred more often. Figure 2B revealed mutation types based
on the number of changed bases in each sample and the top
10 mutated genes in HNSCC, and TP53 (67%) was much
higher than the other mutations. The correlations of the TC-
GA entire set between the top 30 and 15 m6A-related IncR-

NAs are shown in Figure 2C, and the coexpression network
among mutated genes, m6A-related IncRNAs and m6A was
visualised using the Sankey diagram in Figure 2D.

As shown in Figure 3A, only 19 cell subtypes presented
significant differences after evaluating 28 TME cell subtype
infiltrations between normal and tumour samples. Only
immature dendritic cells, plasmacytoid dendritic cells, ef-
fector memory CD4+ T cells, eosinophils and mast cells
were abundant in normal tissues. We performed Spearman
correlation analyses, and the main key molecules nega-
tively correlated with TME infiltrating cells and 14 m6A-
related IncRNAs exhibited a prominent negative correlation
with neutrophil infiltration (Fig. 3B). Moreover, we noted
the expression of 7 key m6A-related IncRNAs with im-
mune checkpoint molecules, especially CTLA4 and PD-1
(Fig. 3C). Of these, RP11_588K22.2 was particularly as-
sociated with CTLA4 and PD-L2 (Fig. 3D).

Univariate Cox regression analysis and multivariate
Cox regression analysis

The risk model of 15 m6A-related IncRNAs had independent
prognostic factors for HNSCC, and could be a tool to assess
clinical prognosis. The HRs of the risk score were 1.373 and
1.317, and 95% confidence interval (CI) were 1.295-1.456 and
1.234-1.405 in univariate Cox regression analysis (Fig. 3E) and
multivariate Cox regression analysis (Fig. 3F), respectively.

The prognostic nomogram

We constructed the nomogram containing the risk grade
and clinical factors which had predominant predictive abil-
ity (Fig. 3G). Correlation charts displayed that the observed
versus predicted rates of 1-, 3-, and 5-year OS revealed
ideal consistency (Fig. 3H).

Validation of IncRNAs expression and relation with
IGF2BP2

Two m6A-related prognostic IncRNAs (TUG1 and JPX)
and m6A effector protein (IGF2BP2) expression levels were
detected in laryngeal cancer samples using RT-qPCR assay.
Our results showed that TUG1, JPX and IGF2BP2 were up-
regulated in laryngeal cancer samples compared with normal
tissues, which showed the same expression trend in TCGA
database including 43 paired samples (Fig. 4A). According
to the RNA sequences of TUG1 and JPX, we predicted m6A
modification sites using SRAMP database. We found that
TUGI have more potential m6A modification sites than JPX
(Fig. 4B), and TUGI1 were verified in the laryngeal cancer
cell line and a precancerous cell line. TUG1 showed high
expression in laryngeal cancer cell line compared with pre-
cancerous cell line. The relation of TUG1 and IGF2BP2 was
verified using siRNA to inhibit the laryngeal cancer expres-
sion of IGF2BP2. Results from RT-qPCR indicated that both
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Figure 3. (A) Differences in 28 TME infiltration cells between normal and HNSCC tissues (*p < 0.05; **p < 0.01; ***p < 0.001); (B) The correlation be-
tween 15 prognostic m6A-related IncRNAs and every TME infiltration cells; (C) The six key molecules had positive correlation with CTLA4 and PD-1; (D)
The correlation between RP11_588K22.2 expression and expression of CTLA4 and PD-L2; (E-F) Univariate and multivariate analyses of the clinical char-
acteristics and risk score with the 0S; (G) Nomogram based on clinical characteristics and risk score; (H) ROC curves for predicting 1-, 3-, and 5-year 0S.

of the two IGF2BP2 siRNAs in TU686 showed a good si-
lencing efficiency and knockdown of TUG1 downregulated
the expression level of IGF2BP2 (Fig. 4C).

Discussion

A total of 1,171 m6A-related IncRNAs from the TCGA data-
sets were included in our study to explore their prognostic
potential. Finally, 36 m6A-related IncRNAs were identified
to have prognostic value in Lasso-Cox analysis, of which 15
were used to establish an m6A-related IncRNA risk model for
predicting the OS of HNSCC patients. Subsequently, HNSCC
patients were grouped (high- and low-risk) based on the me-
dian risk score, and patients in the high-risk group exhibited
worse clinical results. As shown by ROC analysis, this model
was superior to conventional clinical features in OS predic-
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tion for HNSCC. According to univariate and multivariate Cox
regression analysis, the m6A-related IncRNA model was an
independent risk element of OS. Moreover, the perfect con-
sistency between the observed and predicted rates of 1-, 3-,
and 5-year OS was shown using a nomogram, which displayed
excellent consistency. The risk model that was independently
associated with OS was fairly accurate, and this prediction
model could identify novel biomarkers for subsequent studies.
Multiple studies have suggested that abnormal m6A-modified
IncRNAs may function as regulators in tumour pathogenesis
and maintain the malignancy of some tumours. Hu et al. re-
vealed that the interaction between IncRNA DANCR and
IGF2BP2 is tightly implicated in inducing pancreatic cancer
cell proliferation and tumourigenesis '°. The Inc942-MET-
TL14-CXCR4/CYP1BI1 signalling axis has been identified
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m6A sites); (C) TUG1 expression between human bronchial epithelial cell line 16HBE and laryngeal cancer cell line TU686 (left). TU686 cells were
transfected with siRNAs targeting IGF2BP2 (si IGF2BP2 #1 and si IGF2BP2 #2) or normal control siRNAs (siCtrl) and the expression of IGF2BP2 (mid-
dle) and TUG1(right) were examined by RT-qPCR (*p < 0.05; **p < 0.01; ***p < 0.001).
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to promote breast cancer cell proliferation and progression !!.
A previous study has pointed out that m6A modification may
account for FAM225A overexpression in nasopharyngeal car-
cinoma by improving the stability of FAM225A transcripts '2.
Ban et al. found that LNCAROD upregulation in HNSCC
might be mediated by dysregulation of m6A modification,
which promotes cancer progression by forming a ternary
complex with HSPA1A and YBX1 in HNSCC . From all the
above, m6A modification of IncRNAs may influence cancer
initiation and progression, and IncRNAs may serve as compet-
ing endogenous RNAs, targeting m6A regulators and thereby
influencing aggressive tumour progression. Taken together, we
believe that m6A modification is targeted at IncRNAs, and the
interactions and functions of IncRNAs and m6A modification
should be given more attention in order to identify potential
cancer prognostic markers and therapeutic targets.

The mutation profiles in HNSCC were exploited to inves-
tigate whether these 15 m6A-related IncRNAs were immu-
notherapeutic targets or regulators of TME cell infiltration
levels. We found a significant negative correlation between
the expression of 15 m6A-related IncRNAs and 28 TME
cell infiltration, which was consistent with the results of
survival analyses for these key molecules. After testing
whether these molecules could mediate TME cell infiltra-
tion patterns and resistance to anti-checkpoint immuno-
therapy, 7 key molecules were found to be positively corre-
lated with the expression of immune checkpoint molecules
(CTLA-4 and PD1). Immunotherapy and immune cells are
inseparable. Growing evidence has demonstrated that the
tumour immune microenvironment, tumour gene mutation,
and gene regulation are vital factors in tumour develop-
ment and prognosis. As shown previously, patients treated
with CTLA-4 and PD1 immunotherapeutic agents targeting
CD8+ T-cell surface receptors have better prognosis '*.

In the present study, 36 m6A-related prognostic IncRNAs
from 497 HNSCC patients were identified, of which 15
were included in the m6A-related IncRNA risk model. Fur-
thermore, 7 m6A-related prognostic IncRNAs were shown
to be connected with mutated genes. Meanwhile, the m6A-
related IncRNA risk model constructed effectively assesses
the survival prognosis of patients with HNSCC, providing
physicians with optional biomarkers for evaluating
therapeutic efficacy. In addition, the 7 m6A-related IncRNA
may become new targets for immunotherapy of HNSCC,
and it can facilitate the development of individualised
treatment, thereby potentially improving survival rates.
LncRNA TUG]I, as an oncogenic IncRNA, is highly expressed
in multiple human malignancies, such as hepatocellular carci-
noma ", lung adenocarcinoma '°, and laryngeal cancer 7, and
TUGI not only participates in signalling pathways but also
mediates multiple miRNAs to promote cancer progression.
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For example, TUG1 activates tumourigenesis by targeting the
miR-138-5p-HIF1A axis in lung adenocarcinoma '6, targeting
the miR-137/AKT2 axis in hepatocellular carcinoma * and
regulating the YAP pathway in renal cell carcinoma 8. Howev-
er, how mo6A effectors and TUGI get involved in HNSCC pro-
gression remains unclear. In the present study, TUGI acted as
an oncogene and appears to be a prognostic biomarker of HN-
SCC, which is consistent with the results of previous studies .
TUGI, as an m6A-related IncRNA, also shows a correlation
of somatic mutations in CASPS8, FAT1, KMT2D, NSD1, and
PIK3CA, which are frequently mutated driver genes with poor
survival in HNSCC *2!, According to the results in our study,
it was speculated that m6A modification activated TUGI1 and
promoted tumour progression.

The IncRNA JPX, also known as LINC00183, is an important
IncRNA that inactivates the X chromosome *. JPX regulates
tumour cell proliferation and apoptosis. JPX overexpression
leads to poor prognosis in oral squamous cell carcinoma *
and inhibited apoptosis through activating the PI3K/Akt/
mTOR signalling in ovarian cancer cells *. Consistently, the
risk model in this study also found that JPX predicted unfa-
vourable prognosis and was associated with PIK3CA.

As reported previously, IncRNA SAP30L-ASI1 is highly
expressed in prostate cancer and drives malignancy by re-
pressing SAP30L %,

Several IncRNAs have been reported to be associated with
cancer progression. However, the role of IncRNAs in mutation
and IncRNA interaction with m6A-related genes in HNSCC
has not been fully elucidated. This study aimed to provide in-
sights into identifying IncRNAs that are specifically modified
by m6A and how they work during HNSCC progression.
Nevertheless, our study has some limitations. Firstly, only TC-
GA datasets were included. Our results were divided and vali-
dated, and more independent HNSCC cohorts should be used
to validate the identified prognostic m6A-related IncRNAs.
Secondly, given the marked heterogeneity of HNSCC, our
model may exhibit some discrepancies from actual outcomes
in future clinical applications. Therefore, we still require de-
tailed stratified analysis on samples from each anatomical site
of HNSCC in subsequent studies. Thirdly, their expressions in
paired samples were not confirmed to validate the stability of
key m6A-related IncRNAs expression in HNSCC tissues. The
roles of IncRNAs and their interactions with m6A genes should
be examined. If the above aspects could be improved in the fu-
ture, the persuasiveness of the above results can be increased.

Conclusions

In summary, this study demonstrated that 15 m6A-related
IncRNAs were notably associated with prognosis and mi-
croenvironment immune cell infiltration in patients with
HNSCC. The m6A-related IncRNAs risk model could act
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as an autonomous prognostic factor for predicting the OS
of HNSCC patients. This study also provides new ideas for
immunotherapeutic strategies and mechanisms underlying
m6A modification of IncRNAs in HNSCC.
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