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ARTICLE INFO ABSTRACT

Keywords: Background: Radiotherapy is an effective treatment for hepatocellular carcinoma (HCC). Recent
m7G studies indicated that N7-methylguanosine (m7G)-associated genes are involved in radio-
Radiosensitivity

resistance and prognosis of HCC. However, the prognostic value and underlying mechanism of

ceRNA . m7G-and radiosensitivity-associated genes are still lacking.
Hepatocellular carcinoma L.
Prognosis Methods: The related statistics of HCC were downloaded from The Cancer Genome Atlas (TCGA).

M7G- and radiosensitivity-associated genes were screened and evaluated using correlation, dif-
ferential, univariate, and multivariate analysis. The least absolute shrinkage and selection oper-
ator (LASSO) algorithm was used to establish a prognostic model. Prognostic efficacy, functional
analysis, immune cell infiltration,and drug sensitivity of the prognostic model were assessed. The
ceRNA network was predicted and evaluated through the StarBase database, correlation analysis,
expression analysis, and survival analysis.

Result: METTL1, EIF3D, NCBP2, and WDR4 participated in prognosis model construction. The
favorable prediction efficiency has been verified in both the training and verification sets.
Different risk groups have differences in prognosis outcome, function analysis, immune cell
infiltration, and drug sensitivity. NCBP2 can be used to predict the prognosis and has excellent
potential in immunotherapy. A prognostic ceRNA network based on the NCBP2/miR-122-5p axis
was established.

Conclusion: The prognosis model of m7G- and radiosensitivity-related genes is constructed, and
widely used in clinical prognosis, immunotherapy, and drug therapy. NCBP2, as a hub gene, may
be a prognostic biomarker for HCC and is related to immunotherapy. Establishing the NCBP2/
miR-122-5p axis helps study the mechanism of ceRNA and provides new ideas for finding a
new candidate biomarker.
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1. Introduction

Liver cancer accounts for a death rate of 8.3 % of malignancies, with an estimated 0.83 million deaths worldwide in 2020 [1].
Meanwhile, the incidence of hepatocellular carcinoma (HCC) in primary liver cancer is as high as 90 % [2,3]. HCC is associated with
viral infection, alcohol, diabetes, and other biochemical factors [4-6]. A novel and more precise prognostic biomarker and the latent
regulatory mechanisms of prognostic factors are still the goals that need to be broken through [7].

Radiation therapy is considered an effective remedy for early-stage HCC, but its effectiveness is limited [8]. Exploring the regu-
latory mechanisms related to radiosensitivity and improving radiosensitivity have also become a focus of clinical attention [9,10].
N7-methylguanosine (m7G), an increasingly acquainted RNA modification, is involved in the cancer development [11]. METTL1 is a
well-known m7G regulator, which not only participates in cell cycle and angiogenesis of HCC but also in radioresistance and drug
resistance of HCC [12-14]. However, the relationship between the m7G and radiosensitivity remains ambiguous, and the underlying
mechanism between them is of great value for exploration.

In this study, we screened m7G- and radiosensitivity-associated genes and selected intersectional genes with differential expression
and prognostic value to construct a prognostic model. Prognostic efficacy, functional analysis, immune cell infiltration, and drug
sensitivity of the prognostic model were assessed. At the same time, we screened the hub gene among the intersection genes, explored
its clinical value, upstream microRNA (miRNA), and long noncoding RNA (IncRNA), and constructed the competing endogenous RNA
(ceRNA) regulatory network.

2. Materials and methods
The design process of the entire study is displayed in Supplementary Figure S1. M7G- and radiosensitivity-related genes were
identified, and a suitable prognosis model was constructed. Prognostic efficacy, functional analysis, immune cell infiltration, and drug

sensitivity of the prognostic model were evaluated. NCBP2 was identified as the hub gene. The prognosis and ceRNA network of NCBP2
were evaluated and constructed.

2.1. Data acquisition

Transcriptome data and clinical information relevant to 374 patients with HCC were obtained from the TCGA database. With the

Table 1
Clinical information of 365 LIHC samples in TCGA database.
Feature Train cohort (n = 184) Test cohort (n = 181) Entire cohort (n = 365)
n % n % n %
Age
<65 113 61.4 114 63.0 227 62.2
>65 71 38.6 67 37.0 138 37.8
Gender
Female 55 29.9 64 35.4 119 32.6
Male 129 70.1 117 64.6 246 67.4
Grade
G1 28 15.2 27 14.9 55 15.1
G2 89 48.4 86 47.5 175 47.9
G3 59 321 59 32.6 118 32.3
G4 5 2.7 7 3.9 12 3.3
Unknown 3 1.6 2 1.1 5 1.4
Stage
Stage I 82 44.6 88 48.6 170 46.6
Stage II 42 22.8 42 23.2 84 23.0
Stage III 47 25.5 36 19.9 83 22.7
Stage IV 1 0.5 3 1.7 4 1.1
Unknown 12 6.5 12 6.6 24 6.6
T classification
T1 87 47.3 93 51.4 180 49.3
T2 45 24.5 46 25.4 91 249
T3 43 23.4 35 19.3 78 21.4
T4 8 4.3 5 2.8 13 3.6
Unknown 1 0.5 2 1.1 3 0.8
M classification
MO 134 72.8 129 71.3 263 72.1
M1 1 0.5 2 1.1 3 0.8
Unknown 49 26.6 50 27.6 99 27.1
N classification
N1 127 69.0 121 66.9 248 67.9
N2 1 0.5 3 1.7 4 1.1
Unknown 55 29.9 57 31.5 113 31.0




M. Liu et al. Heliyon 10 (2024) 29925

exclusion of patients without survival information, 365 HCC subjects were included in the modeling. Then, we randomly and evenly
allocated these 365 patients into the training cohort (n = 184) and test cohort (n = 181). The baseline data of patients involved in
constructing the prognosis model is presented in Table 1. Radiosensitivity-related genes were gained from the dbCRSR database, and
385 genes were detected in HCC (Supplementary Table S1). M7G-related genes were derived from the literature, and MSigDB database
[15], and 40 genes were expressed in HCC (Supplementary Table S2).

2.2. Screening of m7G- and radiosensitivity-associated genes

First, the association between m7G-related genes and radiosensitivity-related genes was analyzed using |r|>0.5, p < 0.05 as the
standard. Then, we screened the prognostic genes by univariate analysis of these candidate genes (|JHR|>1.0, P < 0.05). M7G-related
differentially expressed genes (DEGs) were screened by p < 0.05 and |log2FC|>1 criteria. We identified the m7G-related differentially
expressed genes (DEGs) based on p < 0.05 and [log2FC|>1. A veen map was used to show the intersection of genes with prognosis and
differential expression. PPI network of intersection genes was constructed using the STRING website [16]. Cytoscape plug-in cyto-
Hubba was used to determine the hub gene in the PPI network.
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Fig. 1. Identification of radiosensitivity- and m7G-associated genes. A The correlation between 164 radiosensitivity-related genes and 28 m7G-
related genes. B Intersection genes with prognostic value and differential expression. C Heatmap of the expression levels of 7 intersection genes. D
The PPI network of 7 intersection genes. E Correlation network of 7 intersection genes.
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Fig. 2. Construction and assessment of the prognostic model. A Univariate Cox regression analysis of 7 intersection genes. B-C LASSO
regression analysis. D-F Risk score distribution of train set (D), test set (E), and entire TCGA set (F). G-I survival status scatterplot of train set (G), test
set (H), and entire TCGA set (I). J-L Kaplan-Meier analysis of train set (J), test set (K), and entire TCGA set (L). M-O ROC curve of train set (M), test
s‘et (N), and entire TCGA set (O).

2.3. Construction and evaluation of the prognostic model

The prognosis model was constructed by LASSO (least absolute shrinkage and selection operator) regression and validated by test
cohort set and total TCGA-LIHC set. The risk score was equal to the gene expression level multiplied by the coefficient of the corre-
sponding gene. We adopt the Kaplan-Meier (KM) method, receiver operating characteristic (ROC), principal component analysis
(PCA), and t-distributed stochastic neighbor embedding (t-SNE) to assess the prognosis efficiency and predictive ability of the model.

2.4. Nomogram construction

We used “ggDCA” and “timeROC” packages to construct a nomogram based on risk scores and related clinical data. Relevant
clinical data include age, sex, stage, grade, and T, N classification of HCC patients.

2.5. Immune cell infiltration, immunotherapy, and drug sensitivity

We assessed the difference in immune infiltrates between different risk groups using TIMER, CIBERSORT, CIBERSORT-ABS,
QUANTISEQ, MCPCOUNTER, XCELL, and EPIC. Immune function was evaluated by calculating the infiltration score of immune
cells with "GSVA" and "GSEABase" software packages.

Immunotherapy scores were downloaded from the TCIA database (https://tcia.at).

The "oncoPredict" package was utilized to compare the sensitivity differences of commonly used chemotherapeutics for HCC be-
tween various risk groups. Drug-sensitive data derived from Genomics of Drug Sensitivity in Cancer (GDSC).

2.6. Upstream miRNAs and IncRNAs predication

StarBase database was adapted to forecast the upstream miRNAs and IncRNAs. StarBase included seven prediction platforms
(TargetScan, PicTar, miRanda, microT, miRmap, RNA22, and PITA) [17]. MiRNAs or IncRNAs appearing in more than two programs
were defined as upstream miRNAs or IncRNAs.

2.7. Statistical analysis

R 4.2.1 is used in the whole statistical analysis. Wilcoxon test and student’s t-test were used for continuous variables. P value < 0.05
indicates statistical significance.

3. Results
3.1. Identification of m7G- and radiosensitivity-associated genes with prognostic value and differential expression

Correlation analysis showed that 28 m7G-related genes were strongly correlated with 164 radiosensitivity-related genes (Fig. 1A).
Univariate Cox analysis indicated that 17 m7G-related genes had prognostic values (Supplementary Table S3). Besides, 10 DEGs were
obtained by comparing the expression differences of 40 m7G-related genes between HCC and normal samples. Veen map showed that
seven overlapping genes (METTL1, EIF3D, NCBP2, AGO2, TGS1, LARP1, WDR4) had prognostic value and differential expression
(Fig. 1B). Moreover, the expression of 7 overlapping genes increased (Fig. 1C). The protein-protein interaction (PPI) network of
overlapping genes was established by the string website (Fig. 1D). Meanwhile, overlapping genes were positively correlated (Fig. 1E).

3.2. Construction and assessment of the prognostic model

Univariate Cox regression indicated that all overlapping genes were related to OS (Fig. 2A). Through LASSO Cox regression
analysis, METTL1, EIF3D, NCBP2, and WDR4 were selected from the overlapping genes to construct the prognosis model (Fig. 2B and
C). At the same time, some studies have reported the effects of these genes on HCC. METTL1 might lead to poor prognosis in HCC
patients [18]. WDR4 can be combined with METTL1 to form a methyltransferase complex, which further affects the prognosis of HCC
patients [19,20]. EIF3D is considered to be a novel biomarker that facilitates the HCC progression [21]. In addition, several articles
have also indicated that NCBP2 is a promising prognostic biomarker [22,23]. The risk score of HCC patients in each set is calculated
according to the following risk score formula: (METTL1%*0.000835638872508109)+(EIF3D*0.000528025128133416)+
(NCBP2*0.0500104100164452)+(WDR4*0.0532257256903693).

Patients whose scores are higher than the median risk score are classified into high-risk group, and vice versa (Fig. 2D, E, F). The
survival status scatterplot showed that the survival time of patients was shortened with the increase in risk score (Fig. 2G, H, I). In all
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cohorts, the prognosis of the high-risk group is worse than that of the low-risk group (Fig. 2J-L). The result of the ROC curve implied
that our model had an ideal prediction efficiency (Fig. 2M-0). PCA and t-SNE results manifested that high and low-risk groups could
significantly differentiate HCC patients (Supplementary Figure S2, B).

3.3. Correlation between prognostic model and clinical parameters

In the whole TCGA-LIHC, univariate (Supplementary Figure S2C, p < 0.001) and multivariate (Supplementary Figure S2D, p <
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Fig. 4. Immune features and drug sensitivity. A Heatmap of immune cell infiltration based on seven analytic methods. B-C of immune cell
infiltration (B) and immune function (C) analysis in two risk groups using ssGSEA. D drug sensitivity analysis in two risk groups.
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0.001) Cox regression indicated that risk score could be used as an independent prognostic factor of OS. Besides, the risk score was
associated with other risk factors of age (p = 0.004), grade (p < 0.001), and T classification (p = 0.016) but not with gender, N
classification, and M classification (Supplementary Figure S2E-K). In order to better evaluate the 1-, 3-and 5-year survival of HCC
patients, a nomogram based on risk score and other risk factors was constructed (Fig. 3A). The predicted OS of the nomogram pre-
sented a high consistency with the actual OS (Fig. 3B). Besides, the prediction efficiency of the nomogram and risk value is better than
other risk indicators (Fig. 3C and D).

3.4. Function and pathway enrichment analysis

Then, we applied the GSEA to explore the potentially different biological pathways in different risk groups. GSEA analysis indicated
cell cycle, dilated cardiomyopathy, ECM receptor interaction, neuroactive ligand-receptor interaction, and ribosome enrichment in a
high-risk group (Supplementary Figure S3A). Meanwhile, complement and coagulation cascades, drug metabolism cytochrome P450,
fatty acid metabolism, retinol metabolism, and steroid hormone biosynthesis were enriched in the low-risk group (Supplementary
Figure S3B). In addition, we performed GO and KEGG analysis on DEGs in different risk groups. Functions of DEGs were mainly
enriched in nuclear division, chromosome segregation, and mitotic nuclear division (Supplementary Figure S3C). Pathways of DEGs
were enriched in the cell cycle, ECM receptor interaction, protein digestion and absorption, and metabolism of xenobiotics by cyto-
chrome P450 (Supplementary Figure S3D).

3.5. Immune features and drug sensitivity

Fig. 4A presentsthe results of immune infiltration among different risk groups obtained by seven analytical methods. The results
indicated that the infiltration of most immune cells in the high-risk group, such as T cells and macrophages, was more prominent.
ssGSEA analyzed the differences in immune status and immune function in different risk groups. ADC, macrophages, and Treg
infiltrated obviously in the high-risk group. B cells, mast cells, neutrophils, and NK cells were more expressed in the low-risk group
(Fig. 4B). Besides, the cytolytic activity, type I IFN, and type II IFN reactions were more significant in the low-risk group (Fig. 4C).
Then, we selected the commonly used therapeutic drugs for HCC and compared the differences in drug sensitivity among different risk
groups. Sorafenib, erlotinib, cisplatin, and axitinib had better effects in the low-risk group, while gefitinib and 5-fluorouracil had better
effects in the high-risk group (Fig. 4D).
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3.6. Expression of NCBP2 and its prognostic value

Using Cytoscape to screen the intersection of genes related to prognosis and differentially expressed, NCBP2 was found to be the
hub gene (Fig. 5A). NCBP2 binds to NCBP1 to form a nuclear cap-binding complex associated with RNA polymerase II transcripts [24].
Studies have shown that NCBP2 is an oncogene [22]. NCBP2 was upregulated in HCC (Fig. 5B). The result was similar to that of
matched normal samples (Fig. 5C). Results from the IHC of the HPA database indicated an up-regulation of NCBP2 protein levels in
HCC tissues (Fig. 5D).

Next, survival analysis for NCBP2 in HCC showed that patients with high NCBP2 expression had a worse prognosis (Fig. 5E). The
ROC curve manifested that NCBP2 possessed a tremendous prognostic value in 1, 3, and 5 years (Fig. 5F). Univariate and multivariate
COX regression indicated that NCBP2 had independent prognostic value (Fig. 5G and H).

3.7. NCBP2 related genes and the correlation between NCBP2 and immunotherapy

We evaluated the correlation between NCBP2 and m7G- and radiosensitivity-associated genes. Supplementary Figure S4A dis-
played the top 10 m7G- and radiosensitivity-associated genes related to NCBP2. Then, we explored the relationship between NCBP2
and 31 immune checkpoint genes, which were significantly positively related to NCBP2, especially CD26 and TNFSF15 (Supple-
mentary Figure S4B). The NCBP2 low-expression group showed remarkable effects on anti-CTLA4, anti-PD1, and combination
treatment (Supplementary Figure S4C-F).

3.8. Prediction and assessment of upstream miRNAs of NCBP2

The starbase database predicted 52 upstream miRNAs that might bind to NCBP2 and we visualized the results using Cytoscape
software (Fig. 6A). Next, we analyzed the correlation between 52 miRNAs and NCBP2 and found that miR-122-5p, miR-378d, and miR-
378c were significantly and negatively correlated with NCBP2 (Fig. 6B-D). MiR-122-5p, miR-378d, and miR-378c were down-
regulated in HCC (Fig. 6E-G). Besides, KM analysis indicated that the downregulation of miR-122-5p was related to the poor prog-
nosis of HCC patients (Fig. 6H-J). So, miR-122-5p is probably the most promising regulatory miRNA for NCBP2.

3.9. Prediction and assessment of upstream IncRNAs of miR-122-5p and construction of ceRNA network

We still used the starbase database to predict the IncRNAs of miR-122-5p and eventually obtained 77 upstream IncRNAs of miR-
122-5p (Supplementary Figure S5. Then, we analyzed the correlation between these 77 IncRNAs and miR-122-5p. At last, 23 IncRNAs,
which were up-regulated and negatively correlated with miR-122-5p in patients with HCC, were obtained (Supplementary Table S4).
At the same time, these 23 IncRNAs were positively correlated with NCBP2 (Supplementary Table S5). The survival results of 23
IncRNAs showed that the high expression of LINC00205, Z97832.2, AL358472.3, AC145423.2, LINC00909, LINC00294, SNHG7,
NUTM2B-AS1, LINC01278 and AC096992.2 predicted a shorter survival time (Supplementary Figure S5B-K). The ceRNA regulatory
network that NCBP2 may participate in is shown in Supplementary Figure S6.

4. Discussion

Given radiotherapy’s critical role in treating patients with HCC, exploring the mechanisms of radioresistance and increasing
radiosensitivity remains a clinically pressing concern [25,26]. The modification mechanism of m7G is intricate and regulated by
diverse factors, are closely related to tumorigenesis [27,28]. Recent studies have shown that m7G-related genes could affect radio-
resistance and prognosis after radiotherapy [14,29]. However, whether m7G-related genes will affect radiosensitivity has yet to be
reported. In this study, we identified the m7G- and radiosensitivity-associated genes. Seven genes with differential expression and
prognostic value were screened out, including METTL1, EIF3D, NCBP2, AGO2, TGS1, LARP1, and WDR4.

The prognostic model was established based on METTL1, EIF3D, NCBP2, and WDR4. Our model performed excellently in pre-
dicting HCC prognosis. HCC patients could be distinguished into two different risk groups in line with the risk score of our model. The
low-risk group has a better prognosis. The risk score has an excellent ability to predict OS independently and was relevant to clinical
features of age, grade, and T classification. In addition, we established a nomogram integrating risk scores with clinical signs to explore
clinical application values further.

Different enrichment of pathways between two risk groups may be one of the reasons for different prognosis outcomes. CYP-
mediated drug metabolism, fatty acid metabolism, retinol metabolism, and steroid hormone biosynthesis were mainly activated in
the low-risk group. Multiple studies have shown that fatty acid, retinol metabolism, and steroid hormone biosynthesis are promising
anticancer strategies [30-32]. Interestingly, drug sensitivity analysis indicated that low-risk patients were susceptible to sorafenib, and
CYP1A2 can improve the therapeutic effect of sorafenib on HCC by inhibiting the NF-xB p65 axis [32].

The immune microenvironment plays an essential role in the tumors. Tumor-associated macrophages accelerate the progression of
HCC [33]. TANs promote HCC development by recruiting macrophages and Treg cells [34]. In the high-risk group, macrophages and
Treg cells infiltrated more. A high cytolytic activity score means better immunogenicity and prognosis [35]. Besides, interferon I and II
reactions are reported to be involved in the antitumor process [36,37]. Cytolytic activity, interferon I and II reactions were signifi-
cantly activated in a low-risk group. The discrepancy in immune infiltration between the different risk groups may be a potential
mechanism for different prognostic outcomes.
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To further explore the relationship and potential biological mechanism behind the intersection genes, we screened out the hub
gene, NCBP2. NCBP2 can independently predict OS and could lead to a poor prognosis of HCC. Immune checkpoints, such as CD26 and
TNFSF15, were strongly correlated with NCBP2, and patients with low expression of NCBP2 were sensitive to anti-CTLA4 therapy,anti-
PD-1 therapy, and combination therapy. NCBP2 may have a particular guiding significance for the immunotherapy of HCC patients.

Increasing evidence reports that the ceRNA network is involved in tumorigenesis, including HCC [38]. We utilized the Starbase
database, expression analysis, correlation analysis, and survival analysis to find and evaluate the upstream miRNA of NCBP2.
MiR-122-5p, as a candidate miRNA, can be used as a tumor suppressor and is beneficial to the prognosis of HCC patients. Several
studies have indicated that miR-122-5p restrains CLIC1-induced HCC progression and targets LDHA to inhibit glycolysis of HCC cells
[39,40]. The upstream IncRNAs of miR-122-5p/NCBP2 axis were also predicted and assessed, including LINC00205, Z97832.2,
AL358472.3, AC145423.2, LINC00909, LINC00294, SNHG7, NUTM2B-AS1, LINC01278 and AC096992.2. These ten IncRNAs were
upregulated in HCC and predicted poor prognosis. LINC00205 and SNHG7 have been confirmed to accelerate the progression of HCC
and target miR-122-5p [41,42]. It has been reported that LINC01278 participates in tumorigenesis by affecting miR-1258 expression
[43]. The ceRNA regulatory network we constructed provides a new direction for the latent regulatory mechanisms of HCC.

There are still some limitations. Firstly, all data sets were derived from public databases without experimental verification. Future
rigorous experimental verification will further strengthen the persuasion of our conclusion. Secondly, some patients’ N and M clas-
sification data were difficult to acquire. The acquisition of more and better clinical characteristic data will make our conclusion more
reliable.

5. Conclusion

The prognosis model of m7G- and radiosensitivity-related genes is constructed, and widely used in clinical prognosis, immuno-
therapy, and drug therapy. NCBP2, as a hub gene, may be a prognostic biomarker for HCC and is related to immunotherapy. Estab-
lishing the NCBP2/miR-122-5p axis helps study the mechanism of ceRNA and provides new ideas for finding a new candidate
biomarker.
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