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Abstract

Backgrounds: Hepatocellular Carcinoma (HCC) is the fourth-ranked malignant tumor with only 18% of 5-year
Overall Survival (OS). Currently, the means of invasive detection for HCC patients are still inadequate. M6a
methylation has been demonstrated to contribute to tumorigenesis and progression through the regulation of
ncRNAs. Therefore, the construction of an asynchronous prediction pattern by m6A-lncRNA regardless of the
expressed level is meaningful for HCC patients' diagnosis and potential mechanism study.

Methods: We initially identified m6A-lncRNAs through Pearson correlation coefficients. After screening
differential m6a-lncRNAs between the cancerous and paracancerous tissues, the lncRNA pairs were formed for
further univariate analysis. Incorporate multi-clinical information, we determined 10 pairs of m6A-lncRNA into the
prediction model by lasso regression analysis. Next, we determined the optimal cut-off value to distinguish high- and
low-risk groups in HCC patients. Finally, we validated the model in terms of survival, clinicopathological
characteristics, m6a genes, Tumor Microenvironment (TME), and chemotherapy.

Results: Compared with clinical traits such as age, grades, and stages, the model composed of 10 pairs of
DEm6A-lncRNA had a better prediction of HCC prognosis in patients. Moreover, it can serve as a risk factor for
independent prognosis of HCC patients’ survival status (HR=1.38, p<0.001). Aggressive clinic-pathological
characteristics, TME, differences of m6A-regulators, and chemotherapeutics sensitivity were also predictable and
separatable according to the pair-model.

Conclusion: The research suggests m6a-lncRNA pair-model is critical clinical meaningfulness for clinical
prognosis and pathological characteristics, to the TME, and chemotherapeutic effect in HCC.
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Introduction
Hepatocellular Carcinoma (HCC) is the leading cause of cancer-

related deaths across the world. Over the past decades, substantial
progress has been achieved in understanding of epidemiology, hazard
factors, and molecular characteristics of HCC [1]. However, most
patients are difficult to be detected at the early stage and have a poor
prognosis with a high recurrence rate at 5 years after surgery. Given
the fact that surgery and other interventions are very traumatic,
especially for middle-aged or even elder patients, who are relatively
unfit to tolerate such procedures, identifying therapeutic and
prognostic targets for HCC could significantly benefit more HCC
patients. Nowadays, more than 100 kinds of RNA modifications have
been demonstrated, among which m6A methylation modification is
the most widely studied. An extensive series of studies have shown
that m6A methylation has a strong contribution to the development of
various tumors. Among the 163 recognized types of RNA chemical
modifications, m6A is considered to be the most prevalent, abundant,
and conserved mode for eukaryotic messenger RNAs (mRNAs),

miRNAs, and lncRNAs, and impacts those RNAs in multiple aspects
including transcription, processing, translation and metabolism [2-6].

The m6A methylation modification involves the methylation of the
N atom at the 6th position of Adenine (A) in RNA and this biological
process mainly participates by three enzymes, namely
methyltransferases, demethylases, and methylation recognition
enzymes. Methyltransferases include METTL3, METTL14,
METTL16, WTAP and KIAA1429, RBM15/15B [7]. The first
identified methyltransferase-METTL3, has been demonstrated to
participate in lipid metabolism and circadian rhythm. m6A
methylation is dynamic and reversible, and the process is regulated by
demethylation enzymes-FTO, ALKBH5, etc. regulated. YTHDC12,
YTHDF123, HNRNPA2B1, eIF3, which specifically bind to the m6A
methylation region and contribute to the regulation of RNA structure
[8].

Long chain non-coding RNAs (lncRNAs) are non-coding RNAs
longer than 200nt[9]. They do not encode proteins and are involved in
various physiological and pathological activities in the human body by
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regulating gene expression [10]. Several studies have shown that m6A
methylation modifications exert regulatory effects by altering the
structure of lncRNAs [9]. M6A methylation modifications can
participate in the transcriptional silencing of genes on chromosome X
by regulating the lncRNA X-Inactive Specific Transcript (XIST).
M6A methylation modifications consist of at least 78 methylated sites
on XIST, and knockdown of methyltransferases METLL13 or
RBM15 /15B can affect gene expression on the X chromosome.
YTHDC1 preferentially recognizes methylation sites on XIST, which
in turn induces XIST-mediated gene silencing, while YTHDF2 is
involved in the functional expression of Dendritic Cells (DCs) through
the regulation of lnc-Dpf3 [10].

Previous studies have shown that lncRNA expression patterns can
induce tumorigenesis as well as biological processes-tumor
proliferation, invasion, and metastasis. The study of m6A-lncRNA in
tumors is still at the preliminary stage. The relevant regulation
mechanisms are still unclear which need further research and
exploration. In this study, we intend to develop an m6A-lncRNA pairs
signature for HCC patients and demonstrate the correlation between
m6A methylation and prognosis, tumor microenvironment, and
chemotherapy sensitivity of HCC patients [11].

Methods

Retrieval of transcriptome data, preparation, and
differentially expressed analysis

HCC transcriptome analysis (RNAseq) data along with patient
clinical data were downloaded from TCGA. GTF files were
downloaded from Ensembl for annotation to separate mRNAs and
lncRNAs [12]. A list of recognized m6a regulators was obtained from
the previous studies. Pearson analysis was performed by using the R
package limma to identify m6a methylation-associated lncRNAs. The
filter criteria were set as Pearson correlation coefficient | ≥ 0.4 and P
value ≤ 0.001.

Construction of differentially expressed m6a-lncRNA pairs
We screened DEm6a-lncRNAs through the differentially expressed

analysis between normal and HCC tissues. logFC >1 as well as
FDR<0.05 was considered as statistical. Then the DEm6a-lncRNAs
were cyclically paired with each other. Assuming that X is the value of
the lncRNA pairs matrix constructed by lncRNA A and lncRNA B, X
is defined as 1 if the expression level of lncRNA A is higher than
lncRNA B, otherwise, X is defined as 0. Then, the DEm6a-lncRNA
pairs are constructed into a 0-1 matrix. However, a valid match was
deemed when the number of lncRNA pairs with the expression of 0 or
1 accounted for more than 20% of the total [13-15].

Establishment of lncRNA-pairs model
Next, we conducted a univariate survival analysis on DEm6a-

lncRNA pairs by R package survivor. P value <0.05 was identified as
prognostically relevant. Then, we performed cross-validation by Lasso
regression analysis using the "Glmnet" package to downscaling of
DEm6a-lncRNA pairs and constructed a prognosis-related risk
assessment model. To verify the accuracy of the constructed model,
we further constructed ROC curves for 1, 3 and 5 years; the AUC
values of this model were simultaneously calculated. Considering the
sensitivity and specificity of the diagnostic criteria, the best cut-off

point was certificated to distinguish the high-risk and low-risk groups
of HCC patients [16-18].

Validation of the constructed lncRNA-pairs model
To validate the accuracy and feasibility of the risk model, the

specific risk scores and survival status of each sample in the model
were also visualized. Kaplan-Meier analysis was also performed for
the HCC patients from the TCGA database, and the difference of
survival between the high- and low-risk groups was visualized by the
"survival" package. Furthermore, we discovered the clinical
application of the risk model, a chi-square test was performed to
analyze the clinic pathological characteristics between the high- and
low-risk groups. Band plots were applied for visualization and are
labeled as follows, <0.001=***, <0.01=***, and <0.05=*.

Wilcoxon signed rank test was used to calculate the variation of risk
scores among the subtypes for different clinicopathological
characteristics. To confirm whether the model could be used as an
independent predictor of clinical prognosis, univariate and
multivariate Cox regression analyses were performed among the risk
scores and clinicopathological characteristics. The R packages
survival, pHeatmap, and ggupbr were utilized in the above operations.

Investigation of tumor-infiltrating immune cells and
analyses of the m6a methylation modification related
molecules

Aiming to reveal the potential interactions between lncRNA pairs
and tumor microenvironment, we performed the lncRNA-pairs score-
based calculation of immune microenvironment by six different
computational methods, including XCELL, TIMER, QUANTISEQ,
MCPCOUNTER, CIBERSORT-ABS, and CIBERSORT. Wilcoxon
singed-rank test was also conducted to validate the differences of
immune infiltration between high- and low- risk groups By Spearman
correlation analysis, we further demonstrated the relationship between
lncRNA-pair score and immunocyte infiltration by box plots with the
significance threshold set at P<0.05. The above arithmetic procedure
was implemented by R packages limma, scales, ggplot2 and ggtext. To
explore the m6A regulators, we exhibited the m6a expression between
the risk subgroups [19].

Exploration of the significance of the model in the clinical
treatment

To determine whether the model can be used to guide clinical
chemotherapy regimens, we calculated the commonly used antitumor
drugs - Cisplatin, Gemcitabine, Lapatinib and Mitomycin - in clinical
HCC patients. Base on the TCGA project, wilcoxon test was
conducted to compare the IC50 of the above chemotherapy drugs to
assess the sensitivity between the lncRNA-pair subgroups. The
algorithm was implemented by the R package pRRophetic and
ggplot2. P-values <0.05 were considered statistically significant [20].

Results

Identification of differentially expressed m6a-lncRNAs in
LIHC

The workflow of this study is exhibited in Figure 1. First, we
downloaded transcriptomic data and clinical information from the
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TCGA database, including 50 normal samples and 374 tumor samples.
After dividing the expression profiles into mRNA and lncRNA
matrices, m6a regulators expression profiles were constructed. Co-
expression analysis was performed to obtain the m6A-lncRNAs. A
total of 127 DEm6a-lncRNAs (Figure 2A) were screened in LIHC
patients which were all over-expressed in tumor tissues (Figure 2B).

Figure 1: The workflow of this study.

Figure 2: Identification of differentially expressed m6a-related
lncRNAs using TCGA datasets and annotation by Ensembl. The
heatmap (A) and a volcano plot (B) are shown.

Establishment of DEirlncRNA pairs and a risk assessment
model

127 DEm6a-lncRNAs were enlisted to construct 0-1 matrix, and
then univariate survival analysis and Lasso regression analysis were
conducted to formate lncRNA-pair models (Figure 3A, 3B), and then
we performed univariate and multivariate Cox analysis on these 10
pairs of DE-m6alncRNA pairs to determine their ability as an
independent clinical prognostic factor (Figure 3C, 3D) [21].

Figure 3: Establishment of a risk assessment model using DEm6a-
lncRNAs Pairs by combining them with clinical survival information
and Lasso regression (A, B). And then we performed univariate and
multivariate Cox analysis (C, D).

Clinical evaluation by risk assessment model
Next, we plotted the 1-year ROC curve and calculated the area

under the curve (AUC) of 0.772, which means the lncRNA-pair model
can reflect the overall survival of HCC patients accurately (Figure
4A). As the ROC curves shown in Figure 4B, we confirm the optimal
cut-off value at 1.1612. To further detect the accuracy and stability of
our model, we also plotted the ROC curves for 3 and 5 years in which
all the AUC values exceeded 0.7 (Figure 4C). We respectively
measured the AUC values of lncRNA pairs against each clinical index
(age, gender, tumor grade, and T) and presented them uniformly in
Figure 4D. The results reflected that the AUC value of the lncRNA-
pair model substantially exceeded other parameters [22].
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and 5 years(C), and compared with clinical characteristics (D).



Based on the optimal cut-off value, we divided the HCC patients 
into high-risk and low-risk groups. 

Risk scores and survival status for each case are displayed in Figure 
5A, 5B. Kaplan-Meier analysis between the two subgroups is 
shown in Figure 5C (p<0.001), which presents that the low-risk group 
has significantly better outcomes than the high-risk group [23].

Figure 5: RiskScores and survival rates for each case are shown in
A and B, and Kaplan-Meier analysis is shown in C (p<0.001).

Then a series of chi-square tests were conducted to investigate the
relationship between LIHC risk and clinico pathologic characteristics.
The bar chart (Figure 6A) and corresponding scatter plot obtained by
Wilcoxon signed rank test showed that T-stage (Figure 6B), tumor
grade (Figure 6C) and clinical stage (Figure 6D) were significantly
associated with risk. Next, we showed by univariate Cox regression
analysis (Figure6E) that T-stage (P<0.001, HR=1.688, 95% CI
[1.407-2.026]) and riskScore (P<0.001, HR=1.338, 95% CI
[1.264-1.417]) showed statistical differences. Multivariate Cox
regression analysis also showed that the above indications could be
used as independent prognostic predictors for patients with LIHC
(Figure 6F).

In conclusion, the m6a-lncRNA-based risk assessment model can
be used not only as a reliable predictor of survival outcome but also as
a reliable indicator of tumor growth in patients with LIHC.

Figure 6: The relationship between LIHC risk and
clinicopathologic characteristics(A-D) by chi-square tests. Univariate
Cox regression analysis (E) and multivariate Cox regression analysis
(F) were also shown.

Assessment of the risk model with tumor immune
microenvironment, and the m6a related genes

To investigate whether the model reflects tumor-infiltrating immune
cells in LIHC, we performed correlation analysis of immune cells by
seven different software, and the results of different software will be
shown in different colors (Figure 7). B-cells, T-cell CD4+ memory,
NK cells, T-cell CD4+ Th2, myeloid dendritic cells, monocytes, T-cell
CD8+, macrophages, Tregs, mast cell quiescence, and macrophage
M0 were positively correlated with risk values in the model; T cell
CD4+ memory quiescence, macrophage M1, endothelial cells,
hematopoietic stem cells, mesenchymal cells, mast cell activation, and
neutrophils were negatively correlated. We then counted immune cell
infiltration in LIHC patients in both high- and low-risk groups and the
results were shown in Figure 8A-Z, where endothelial cells,
hematopoietic stem cells, macrophage cells, monocyte cells,
neutrophil cells, stroma score, T cell CD4+, T cell CD8+ were
significantly different between the subgroups (P<0.0001).
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Figure 7: The correlation analysis of immune cells by 
seven different software.

Figure 8: The immune cell infiltration in LIHC patients in both
high- and low-risk groups (A-Z).

To further investigate whether this risk model is associated with
m6a methylation modification-related genes, we counted the
distribution of differential expression characteristics of m6a
methylation modification-related genes between the two groups. Our
observations showed (Figure 9A-L) that HNRNPA2B1, IGFBP3,
LRPPRC, METTL3, WTAP, YTHDF1, YTHDF2, ZC3H13,
HNRNPCs, RBM15, RBM15B, RBMX were significantly different
between the two groups (P<0.05).

Figure 9: The differential expression of m6a methylation
modification-related genes between the two groups (A-L).

Analysis of the correlation between the risk model and
chemotherapeutics

Finally, we tried to validate the association between the risk model
and the efficacy of common chemotherapeutic drugs used to treat
LIHC. We determined the correlation between our risk model and drug
sensitivity in patients with liver cancer by analyzing the IC50 of
different drugs between high and low risk groups. We validated a total
of four chemotherapeutic agents commonly used in the clinic for
hepatocellular carcinoma, namely Cisplatin, Gemcitabine, Lapatinib
and Mitomycin (Figure 10A-D). The results showed that higher risk
scores were all associated with lower IC50 (P<0.01) in Cisplatin,
Gemcitabine and Mitomycin , indicating that our risk model can be
used to effectively predict the outcome of chemotherapy in patients
with hepatocellular carcinoma [24].

Figure 10: The correlation between our risk model and 
drug sensitivity by analyzing the IC50 of different drugs between 
high- and low-risk groups (A-D).
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Discussion
Since the development of second-generation sequencing

technology, the role of m6A methylation modification in
tumorigenesis has become a hot topic of research. Considerable
investigations have demonstrated that m6A methylation can
participate in various life activities such as lipid metabolism, gene
expression, and immune response, especially in tumorigenesis,
metastasis, and drug resistance. The differential expression of m6A
methylesterase and recognition proteins was found in several tumors
including HCC, while the abundance of m6A regulators in HCC was
also found to be extremely abnormal compared to normal tissues [25].
These anomalies suggest that m6A regulators may contribute to
extraordinary expression or disfunction of oncogenes. For example,
lncRNA has been identified to play an important role in tumor
progression, and the m6A level of lncRNA may affect its sponge
miRNA function, nucleation, and degradation. ZUO X has been found
that m6A regulators mediate the upregulation of LncRNA00958 which
can affect lipid metabolism in HCC and promote HCC progression.

A large number of studies have been devoted to building models
based on lncRNA expression levels to predict the prognosis of cancer
patients[18, 19], most of which are based on quantitative comparisons
of transcript expression levels. However, few studies have explored
predicting the prognostic outcome of patients with malignancies by
analyzing m6a-lncRNA pairings. In this study, instead of assessing the
specific expression values of individual lncRNAs, we attempted to
construct a reasonable risk prediction model using two m6a-lncRNA
pairing combinations that did not require exact measurement of their
specific expression levels in the study. Thus, this novel model has the
advantage of feasibility and generalizability to clinical practice in
different patients. Furthermore, we calculated the AIC value to find
the best cut-off point to classify patients into high- and low-risk
groups. Based on the group assessment of our risk model, the
prognosis of patients in the high-risk group was significantly worse
than that in the low-risk group. The T-stage was significantly higher in
the high-risk group. This indicates that our model is highly efficient
and specific for determining proliferation and differentiation ability.
Deeper biological information mining is performed to evaluate the risk
assessment model with survival outcomes, clinical characteristics,
tumor microenvironment components, m6a regulators, and
chemotherapy sensitivity. The implies a reliable performance of the
modeling algorithm [26].

Previous studies have demonstrated that m6A methylated genes can
be involved in tumor growth and metastasis by modifying lncRNAs.
The lncRNA MALAT-1 is the first long-stranded non-coding RNA
identified to be associated with lung cancer. There exists a triple helix
structure at its 3` end, and the deletion or mutation of this structure can
affect the stability and functional expression of MALAT1. METTL16,
a methyltransferase, can bind to the triple helix structure at the 3` end
of lncRNA MALAT1 to affect its structural stability and functional
expression, thus participating in tumor development. The lncRNA
GAS5-YAP-YTHDF3 axis involves significantly contributing to
Colorectal Cancer (CRC) invasion and metastasis. lncRNA GAS5 can
directly combine with YAP and promote its phosphorylation and
degradation, while YAP can target YTHDF3 and positively correlate
with its expression. In turn, YTHDF3 can promote the degradation of
GAS5 through m6A methylation. Knockdown of YTHDF3
dramatically extends the rate of GAS5 degradation and reduces the
expression of YAP protein. Therefore, YTHDF3 could be involved in
regulating the invasion and metastasis of CRC through regulating the

degradation of GAS5. Although several studies have partially
demonstrated that m6A methylation modifications can engage in
tumor progression in the form of the modulation of lncRNAs, but
whether they are involved in tumor drug resistance has not been
reported yet. However, our risk model assessment also demonstrated
that the classical m6a regulators were remarkably elevated in the high-
risk group, suggesting that the level of m6a methylation modifications
was enhanced in the high-risk group. This is in full agreement with the
results predicted in our present study. Other than that, our study also
pioneered the relationship between changes in m6A-lncRNA levels
and the tumor microenvironment of HCC and chemotherapy
sensitivity in HCC patients. This could provide a new target and
theoretical basis for future therapeutic targets for HCC patients.

The study also has some drawbacks and limitations. For example,
the risk assessment model was constructed entirely based on the
original dataset of TCGA, but it was not validated with additional
HCC patient cohorts, which still needs further validation and
exploration by basic experiments and clinical data.

Conclusion
In summary, this study constructed a risk signature based on 10

pairs of m6 m6AlncRNA pairs for HCC. The risk model can not only
serve as an independent clinical prognostic factor for HCC patients but
also accurately detect clinical characteristics - tumor T-stage, grade
and clinical stage. For further in-depth biological perspectives, those
m6A-lncRNA pairs were tumor microenvironment, m6a regulators,
and chemotherapy sensitivity. This hyper-sensitive and indicative
hazard signature provides an innovative theoretical basis for predicting
the biological characteristics of HCC and improving clinically guided
treatment options.
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