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Background: The role of N7-methyladenosine (m7G)-related genes in the progression and prognosis of
gastric cancer (GC) remains unclear. This study aimed to explore prognostic biomarkers for GC based on
m7G methylation regulators and to construct a prognostic risk model.

Methods: RNA sequencing profiles with corresponding clinicopathological information associated with
GC of which the histological type was stomach adenocarcinoma (STAD) were obtained from The Cancer
Genome Atlas (TCGA) and Gene Expression Omnibus (GEO), respectively. A total of 29 m7G regulators
were extracted from previous studies. According to the expression similarity of m7G regulators, the GC
samples obtained from TCGA were further classified into 2 clusters demonstrating different overall survival
(OS) rates and genetic heterogeneity, and the differentially expressed genes (DEGs) between these 2 clusters
were defined as m7G-related genes. Univariate regression analysis and regression analysis were then used to
obtain the prognostic m7G-related genes. The samples in TCGA and Genotype-Tissue Expression (GTEx)
were used to verify the differential expression and prognostic value of these m7G-related genes contained in
the prognostic model. Subsequently, the risk score was combined with other prognostic factors to develop
a nomogram. The predictive ability of the nomogram was evaluated by the standard receiver operating
characteristic (ROC) curve. Gene set enrichment analysis (GSEA) was used to identify activation pathways
in both groups. Finally, the association between the prognostic model and the immune characteristics of GC
were appraised.

Results: A prognostic model consisting of 11 m7G-related genes was constructed. GC patients in the high-
risk group were shown to have a poor prognosis and this result was further demonstrated in each group.
The risk model can be applied for patients with different clinical features. The results of GSEA showed that
cell adhesion, cell junction, and focal adhesion were highly enriched in the high-risk group. In addition, we
found that the expression of programmed cell death ligand 1 (PD-L1) was significantly elevated in the low-
risk group, whereas programmed cell death ligand 2 (PD-L2) and tumor necrosis factor receptor superfamily
member 4 (TNFRSF4) were overexpressed in the high-risk group.

Conclusions: We successfully built and verified a m7G relevant prognostic model for predicting prognosis

and providing a new train of thought for improving the treatment of GC.
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Introduction

Gastric cancer (GC) is one of the most common malignant
tumors of the digestive system. According to the latest
data, GC ranks fifth in incidence and fourth in mortality
worldwide (1). Various risk factors exist for the development
of GC, including Helicobacter pylori infection, smoking,
obesity, high salt intake, and low consumption of fruits and
vegetables (2,3). Currently, the treatment of GC comprises
a comprehensive treatment model based on surgical
resection combined with chemotherapy, immunotherapy,
and targeted therapy (4,5). However, the 5-year survival rate
for progressive GC remains below 30% after treatment (6).
Thus, there is an urgent need to identify novel and precise
biomarkers to improve the prognosis and treatment of
patients with GC.

RNA methylation refers to post-transcriptional
modification on the substrate or the replacement of the
original alkylation form of atoms or groups (7). Various
forms of RNA methylation exist, depending on the
methylation site, including N7-methyladenosine (m7G),
No6-methyladenosine (m6A), N1-methyladenosine (m1A),
5-methylcytosine (m5C), and 2-O-dimethyladenosine
(m6Am) (8). The dysregulation of RNA methylation is tied
to the occurrence and progression of human cancer (9).
However, relatively little research has been conducted on
m7G in GC. In m7G RNA methylation, a methyl group is
added to the 7th N of RNA guanine (G) in the presence of
methyltransferase (10). Various studies have identified m7G-
related genes in nasopharyngeal carcinoma (11), squamous
cell carcinoma (12), and lung adenocarcinoma (13).
However, no studies have reported the role of m7G-related
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superior efficacy for predicting the prognosis of GC patients.
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genes in GC. Thus, elucidating the role of m7G-related
genes in GC and their prognostic value may provide a new
strategy for the therapy of GC.

In this study, the gene expression data and related clinical
information of GC patients were analyzed through online
databases including The Cancer Genome Atlas (TCGA)
and Gene Expression Omnibus (GEO). The m7G-related
genes were obtained from the differentially expressed
genes (DEGs) between 2 clusters which were classified
according to the expression level of 29 m7G regulators
in GC samples. A prognostic model based on 11 m7G-
related genes was constructed and verified. Finally, we
analyzed the differences between subgroups based on the
risk model in terms of immune cell infiltration, immune
function, and immune checkpoints. This study provides
great insight for predicting the prognosis and treatment of
GC patients. We present this article in accordance with the
Transparent Reporting of a multivariable prediction model
for Individual Prognosis Or Diagnosis (I RIPOD) reporting
checklist (available at https://tcr.amegroups.com/article/
view/10.21037/tcr-22-2614/rc).

Methods
Data collection and collation

Transcriptome profiling of gene expression (with 375 tumor
samples and 32 normal samples) and clinical data (N=439)
for GC specimens were downloaded from TCGA, of
which the histological type was stomach adenocarcinoma
(STAD). Samples without complete survival information
were excluded, and 371 tumor samples with complete
survival information were included for subsequent analysis.
Moreover, the RNA-sequencing profile data and parallel
clinical information of 357 GC samples were extracted from
GEO (GSE84433) database to act as an external test cohort.
The detailed clinicopathological information of the GC
patients in each cohort is displayed in 7able 1. A total of 29
m7G regulators were collected from previously published
studies (Table S1) (14,15). The study was conducted in
accordance with the Declaration of Helsinki (as revised
in 2013).

Cluster analysis according to m7G regulators

The “limma” package in R software (R Foundation for
Statistical Computing, Vienna, Austria) was used to obtain
the expression of m7G regulators in GC specimens (16).
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Table 1 Clinical features of the patients with GC in each cohort

Variables Training gnrc();,r)) (n=371), Testing gl’:l:(;)/;\ (n=185), Testing gr;)tz;);?; (n=186), P value GI(En(igsrc;;Jp
Age (years) 0.973

<65 163 (43.94) 81 (43.78) 82 (44.09) 241

>65 205 (55.26) 103 (55.68) 102 (54.84) 116

Unknown 3(0.81) 1(0.54) 2(1.08) 0
Gender 0.969

Female 133 (35.85) 67 (36.22) 66 (35.48) 114

Male 238 (64.15) 118 (63.78) 120 (64.52) 243
Grade 0.097

G1 10 (2.7) 6 (3.24) 4 (2.15)

G2 134 (36.12) 76 (41.08) 58 (31.18)

G3 218 (58.76) 99 (53.51) 119 (63.98)

Unknown 9 (2.43) 4(2.16) 5(2.69) 357
Tumor invasion (T) 0.865

T 18 (4.85) 10 (5.41) 8 (4.3) 11

T2 78 (21.02) 41 (22.16) 37 (19.89) 35

T3 167 (45.01) 80 (43.24) 87 (46.77) 67

T4 100 (26.95) 49 (26.49) 51 (27.42) 244

Unknown 8(2.16) 5(2.7) 3(1.61) 0
Lymph node (N) 0.759

NO 108 (29.11) 54 (29.19) 54 (29.03) 72

N1 97 (26.15) 46 (24.86) 51 (27.42) 154

N2 74 (19.95) 41 (22.16) 33 (17.74) 99

N3 74 (19.95) 36 (19.46) 38 (20.43) 32

Unknown 18 (4.85) 8 (4.32) 10 (5.38) 0
Metastasis (M) 0.987

MO 328 (88.41) 164 (88.65) 164 (88.17)

M1 25 (6.74) 13 (7.03) 12 (6.45)

Unknown 18 (4.85) 8 (4.32) 10 (5.38) 357
Tumor stage 0.569

Stage | 50 (13.48) 23 (12.43) 27 (14.52)

Stage |l 111 (29.92) 61 (32.97) 50 (26.88)

Stage Il 149 (40.16) 70 (37.84) 79 (42.47)

Stage IV 38 (10.24) 18 (9.73) 20 (10.75)

Unknown 23 (6.2) 13 (7.03) 10 (5.38) 357

GEO, gene expression omnibus; GC, gastric cancer.
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Based on the expression of m7G regulators, consensus
analysis was performed using the “ConsensusClusterPlus”
package in R. Patients with GC were divided into k (k=2-9)
clusters, and then these k clusters were subjected to survival
analysis to determine the most appropriate K-value. After
determining the most reasonable clustering method, the
DEGs between the various aforementioned clusters were
retained for the next analysis.

Development and internal validation of the prognostic
model

Univariate Cox regression analysis was used to obtain
prognostic DEGs. Among them, genes with P<0.05 were
included in least absolute shrinkage and selection operator
(LASSO) regression analysis. Genes selected by LASSO
Cox regression analysis were used to construct a prognostic
model and a risk score was calculated for each GC patient.

Risk score = X (B; x EXP,), and in the formula, B;
represented the weight of the corresponding genes and
EXP; represented their expression level.

Based on the median risk score of the training cohort,
GC patients were assigned to 2 groups, a high-risk group
and a low-risk group. Patients in the training cohort were
randomly divided into 2 internal test cohorts randomly,
at a ratio of 1:1. The GC patients were also divided into
high- and low-risk groups. To evaluate whether risk score
can independently predict the prognosis of GC patients,
multivariate Cox analysis of the risk score was performed
with multitudinous clinicopathological features. Kaplan-
Meier (KM) analysis was also performed in different
clinicopathological subgroups grounded on risk score.

Differential expression and prognostic value of m7G-
related genes in the risk model

To verify the differential expression and prognosis of genes
used to construct the risk model which had already been
screened by LASSO Cox regression, these genes were
further analyzed using the Gene Expression Profiling
Interactive Analysis (GEPIA) database (17).

External validation of the risk model

To assess whether the prognostic model had similar
predictive power in different populations, we subjected it to
external validation. The risk score for each GC patient in
the external testing cohort was calculated using the above

© Translational Cancer Research. All rights reserved.
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formula, which was also used in training cohort. Similarly,
the external queue was divided into high- and low-risk
groups which were subjected to KM, scatter plot analyses,
ROC curve, and independent prognostic analysis (18,19).

Development of a nomogram

To compare the advantage of risk score and other
clinicopathological features in evaluating the prognosis of
GC, nomogram was constructed. A calibration chart was
developed to appraise the difference between the actual
survival probability and the predicted value.

Gene set envichment analysis of DEGs between bigh- and
low-risk groups

"To elucidate biological progresses of the DEGs between the
high- and low-risk groups, which were named risk group

DEGs (RDEGs), GSEA was performed for each group
separately using the “enrichplot” package.

Immunological analysis

To explore the correlation between the risk score and
tumor-infiltrating immune cells (TIICs) characteristics,
various deconvolution algorithms, including xCell (20),
Tumor Immune Estimation Resource (TIMER) (21),
quanTIseq (22), MCPcounter (23), Estimating the
Proportions of Immune and cancer cells (EPIC) (24), Cell-
type Identification by Estimating Relative Subsets of RNA
Transcripts (CIBERSORT), and CIBERSORT-ABS (25)
were used to calculate the abundances of TIICs in each
sample in the training group. A bubble diagram was plotted
to demonstrate the association between the risk score and

the abundance of TIICs.

Statistical analysis

The software R 4.0.1 used to perform all statistical analyses.
Survival data were evaluated using Cox regression, the KM
curve, and logarithmic rank test. Statistical significance was
considered when P<0.05.

Results
The m7G regulator of tumor classification

The overall work process of the whole study is shown
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Figure 1 The general flow chart of this study. DEGs, differendally expressed genes; TCGA-GC, The Cancer Genome Atlas-gastric cancer;

GEO, Gene Expression Omnibus; ROC, receiver operating characteristic; GSEA, gene set enrichment analysis.

in Figure 1. According to the expression parallelism of
the 29 m7G regulators, the consensus clustering method
was applied to cluster the STAD samples of the TCGA,
with k=2 regarded as a suitable selection with clustering
firmness increasing from k=2 to k=9 in the TCGA cohorts,
named Cluster 1 and Cluster 2 (Figure 24-2C). Significant
differences in overall survival (OS) were observed between
these 2 clusters (P=0.004) (Figure 2D). Thus, we inferred
that these results may reveal the potential relevance of m7G
regulators to GC patients and subjected them to further
exploration.

Construction of the prognostic model

Firstly, 928 DEGs (llog2FC1>0.585 and P<0.05, Table S2)
were shown to be linked with the 2 clusters (Figure 34).
Subsequently, 52 genes with significant prognostic value

© Translational Cancer Research. All rights reserved.

for GC patients were acquired by univariate Cox regression
analysis (P<0.01, Figure 3B). Finally, 11 genes (MATNS3,
GADI, CYTL1, CD36, SLC7A2, PLCL1, GUCY1A2,
GPR173, PCDHBS, GRP, and STEGALNAC3) were
authenticated as independent prognostic elements and
selected for the establishment of the prognostic model by
LASSO Cox regression (Figure 3C,3D). The formula of the
risk score was as follows: riskscore = (0.14972*Expyiarns)
+ (-0.01235*Expgap1) + (0.24836*ExpcyrL) +
(0.00992*Experysg) + (0.11964 Expe; coan) + (0.00436*Expprcrr)
+ (0.05246"Expgucyiaz) + (0.12356*Expgpri73)
+ (0.01976*Exppcpuss) + (0.07618*Expggp) +
(0.00524*Expsrscarnacs)- The results of TCGA combined
with Genotype-Tissue Expression (GTEx) database analysis
are shown in the Figure 4. A total of 11 m7G-related genes of
the prognostic model were differentially expressed between
normal and cancerous tissues, and these genes could predict

Transl Cancer Res 2023;12(7):1836-1851 | https://dx.doi.org/10.21037/tcr-22-2614
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Figure 2 Clustering of gastric cancer patients and OS of the two clusters. (A) Consensus clustering CDF for k=2-9. (B) Area under the CDF

curve for k=2-9. (C) Consensus score matrix for TCGA cohort when k=2. (D) Kaplan-Meier curve for gastric cancer patients between two

clusters. OS, overall survival; CDF, cumulative distributive function; TCGA, The Cancer Genome Atlas.

the prognosis of GC patients independently.

Prognostic assessment and internal validation of the
prognostic model

In the training cohort, GC patients were divided into the
low- (n=186) and high-risk (n=185) groups based on the
mid-value of risk score (mid-value =3.04224). The KM
analysis showed that patients in the high-risk group had a
worse prognosis than those in the low-risk group (Figure 5A,
P<0.001). The risk plot revealed that as the risk score value
increased, there was a gradual increase in mortality in GC
patients (Figure 5B). The ROC curve indicated that the
areas under the curve (AUCs) of 1-, 3-, and 5-year survival

© Translational Cancer Research. All rights reserved.

were 0.643, 0.680, and 0.733, respectively (Figure 5C).
Multivariate Cox analysis revealed that the risk score was
an independent parameter of GC patients’ prognosis in the
training cohort (Figure 5D, P<0.001). Next, GC patients
from the training cohort were randomly allocated to testing
cohort A (n=185) and testing cohort B (n=186) to further
validate the risk model. GC patients were also divided into
high- and low-risk groups in both test groups. In testing
cohort A, the prognosis of GC patients in the high-risk
group involved poorer OS than that in the low-risk group
(Figure SE, P=0.001). As the risk score value increased,
so did the mortality rate of GC patients (Figure 5F). The
AUC values of 1-, 3-, and 5-year survival of GC patients
were 0.665, 0.691, and 0.780, respectively (Figure 5G).

Transi Cancer Res 2023;12(7):1836-1851 | https://dx.doi.org/10.21037/tcr-22-2614
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Figure 3 Gene screening for participation in the construction of prognostic model. (A) DEGs between 2 m7G-related clusters in the TCGA
cohort. ¥, P<0.05; **, P<0.01. (B) Hazard ratio of univariate Cox analysis for m7G-related DEGs. (C,D) LASSO Cox regression algorithm
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LASSO, least absolute shrinkage and selection operator.

The risk score was an independent predictor of prognosis
in GC patients (Figure SH, P<0.001). The conclusions
obtained in testing cohort B were similar to those in testing
cohort A and the training cohort. The prognosis of GC
patients in the low-risk group involved better OS than that
in the high-risk group (Figure 5I, P=0.017). Additionally,
the mortality rate of GC patients increased alongside the
increase of risk score value (Figure 57). The AUC values of
1-, 3-, and 5-year survival of GC patients were 0.626, 0.670,
and 0.627, respectively (Figure 5K) and the risk score was
also an independent predictor of prognosis in GC patients

(Figure 5L, P=0.002). All of the above results suggested that
the risk score has good efficacy in predicting the prognosis
of human GC.

External validation of the prognostic model

Through an independent GEO cohort, we further
verified the prognostic ability of the risk model. Similarly,
OS analysis in 357 GC patients indicated that patients
with high-risk score would have poor survival outcomes
(Figure 64,68, P=0.003). Correspondingly, the 1-, 3-, and
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Figure 4 Differential expression analysis and survival analysis combining the databases of TCGA and GTEx. The boxplot shows the

expression of each m7G related gene in normal tissue and tumor tissue, red represents tumor tissue, and black represents normal tissue.

TCGA, The Cancer Genome Atlas; GTEx, genotype-tissue expression; STAD, stomach adenocarcinoma; num, number; T, tumor; N,

normal; TPM, transcripts per million; HR, hazard ratio.

5-year AUCs were 0.594, 0.603, and 0.617, respectively
(Figure 6C). As shown in Figure 6D, the risk score (P=0.024)
was an independent predictor of OS for GC patients.

Survival analysis of subgroups of GC patients

To evaluate whether the prognostic model can access the
prognosis of GC patients under different clinicopathological
variables, GC patients were stratified into 8 subgroups
according to different clinicopathological features in the
training cohort, including age (>65 and <65 years old),
gender (female and male), tumor grade (G1-G2 and
G3), and tumor-node-metastasis ('NM) stage (stage I-
IT and III-1V). The results showed that the OS rate of the
subdivisions, including age >65 (P=0.036) and age <65 years
(P<0.001), female (P=0.003) and male (P=0.009), Grade
1-2 (P=0.015), Grade 3 (P=0.003), Stage I-1I (P=0.025),
and Stage III-IV (P=0.005), were significantly different
(Figure 7).
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Construction of a nomogram which incorporated clinical
features

We integrated age, gender, tumor grade, T stage, N
stage, M stage, TNM stage, and risk score to construct a
nomogram to predict the OS rate of GC patients at 1-, 3-,
and 5-year (Figure 8A4). The standard ROC curve revealed
that the AUC values corresponding to the nomogram,
namely, risk score, age, gender, grade, TNM stage, T stage,
M stage, and N stage were 0.733, 0.729, 0.602, 0.579, 0.535,
0.617, 0.538, 0.511, and 0.560, respectively (Figure 8B).
The calibration chart demonstrated that the nomogram
has good predictive power compared with the ideal model
(Figure 8C-8E). The above results revealed that the
nomogram has satisfactory accuracy in predicting the
outcome of GC patients.

GSEA based on the prognostic model
GSEA of RDEGs (P<0.05 and llog2 | >1, Table S3) between
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the high- and low-risk groups was used to determine the
difference of biological function. As shown in Figure 94,9B,
these RDEGs in the high-risk group were mainly enriched
in “cell adhesion”, “cell junction”, “axon development”,
“focal adhesion”, “calcium signaling pathway”, and “muscle
contraction”. However, in the low-risk group, these RDEGs
were mainly enriched in “cornification”, “keratinization”,
“homologous recombination”, and “DNA replication”

(Figure 9C,9D).

Analysis of immune infiltration and immune checkpoints

To assess the difference in immune cell infiltration
between high- and low-risk groups, 7 algorithms were
utilized to score the abundance of TIICs. As shown in
Figure 104, Spearman correlation analysis showed that the
risk score was positively associated with the infiltration
levels of numerous TIICs, including B cell, macrophage,

© Translational Cancer Research. All rights reserved.

CD8+ T cell, and monocyte. Immune cell subsets and
related functions of single sample gene set enrichment
analysis (ssGSEA) showed that T cell functions, involving
coordination of type I interferon (IFN) response, type 11
IEN response, MHC class I, and APC-co-inhibition, were
distinctively different between low- and high-risk groups
(Figure 10B). Furthermore, we explored the expression of
immunotherapy markers in low- and high-risk populations.
As depicted in Figure 10C-10E, GC patients in the low-
risk group expressed higher levels of programmed cell
death ligand 1 (PD-L1) compared to the high-risk group.
However, the expression levels of programmed cell death
ligand 2 (PD-L2) and tumor necrosis factor receptor
superfamily member 4 (TNFRSF4) were higher in the
high-risk group. Figure 10F shows that the expression
of PD-L1 was negatively correlated with risk score,
whereas the opposite was true for PD-L2 and TNFRSF4
(Figure 10G,10H). All of the above results indicated that
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GC is a highly heterogeneous kind of tumor with different
responses to different immunosuppressants. As our study
showed, the low-risk group was more sensitive to PD-L1
inhibitors, whereas the high-risk group was more sensitive

to PD-L2 and TNFRSF4 inhibitors.

Discussion

GC remains one of the most highly invasive types of
malignant tumor with high morbidity and mortality.
It is necessary to find reliable biomarkers for novel

diagnosis, treatment, and prevention methods of GC.

© Translational Cancer Research. All rights reserved.

M7G modification is one of the most common base
modification forms in post-transcriptional regulation.
It is widely distributed in tRNA, rRNA, and the 5 'cap
region of eukaryotic mRNA and plays an important role
in maintaining RNA processing and metabolism, stability,
nucleation, and protein translation (26). Recently, some
studies have reported the prognostic value of m7G-related
genes in hepatocellular carcinoma (27), prostate cancer (28),
and glioma (29), but the roles of m7G-related genes in GC
have never been reported.

Our study comprehensively analyzed the clustering
effect of m7G-related genes in GC patients according to

Transl Cancer Res 2023;12(7):1836-1851 | https://dx.doi.org/10.21037/tcr-22-2614



Translational Cancer Research, Vol 12, No 7 July 2023

Enriched in high-risk group

= GOBP_AXON_DEVELOPMENT

= GOBP_BEHAVIOR

o
o

=== GOBP_CELL_JUNCTION_ASSEMBLY

o
S

Running enrichment score >
o o
S} IS

W
H”

!

i

L

it

_2 T T T T

= GOBP_CELL_CELL_ADHESION_VIA_PLASMA_MEMBRANE_ADHESION_MC

GOBP_CELL_MORPHOGENESIS_INVOLVED_IN_NEURON_DIFFERENTIATIC

Ranked list metric

4000 8000 12000 16000
Rank in ordered dataset

Enriched in low-risk group

~— GOBP_CELL_CYCLE_DNA_REPLICATION

= GOBP_CORNIFICATION

o
o
|

= GOBP_KERATINIZATION

| |
o o
S \V)
1 1

Running enrichment score e)
| |
o o
© o
1 1

|‘HNJ|WW%HMWYWTme"W

2_
1 4
0_
-1
_2 T T T T

Ranked list metric

4000 8000 12000 16000
Rank in ordered dataset

1847

B Enriched in high-risk group

= KEGG_CALCIUM_SIGNALING_PATHWAY

~— KEGG_FOCAL_ADHESION
0.6 ~— KEGG_HYPERTROPHIC_CARDIOMYOPATHY_HCM
~— KEGG_NEUROACTIVE_LIGAND_RECEPTOR_INTERACTION

= KEGG_VASCULAR_SMOOTH_MUSCLE_CONTRACTION

0.4

0.2

0.0

Running enrichment score

I]I

I
I’WIII P | 1] I

IIH HIIHIII

‘ |7|‘|\H||\ H ““ | l‘lllllHHI ‘IIJ| " H”HI Il

J [ARRY
(LRI IH (RN

Itk

_2 T T T T
4000 8000 12000 16000
Rank in ordered dataset

Ranked list metric

O

Enriched in low-risk group

= KEGG_AMINOACYL_TRNA_BIOSYNTHESIS

0.0 -

-0.2

~0.4 -

-0.6

-0.8

Running enrichment score

| \I MI I III

T

| o un||||h||mm|| ‘ i e

2 -
1
0 -
—1
_2 T T T T
4000 8000 12000 16000
Rank in ordered dataset

Ranked list metric
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the expression levels of 29 m7G regulators. The prognosis
of GC patients in the 2 groups differed significantly. A risk
model consisting of 11 m7G-related genes was established
by univariate and LASSO Cox regression analysis based on
the differences between the 2 groups and validated in an
independent GEO dataset for its accuracy in predicting OS.
We utilized the risk model to classify patients in the TCGA
and GEO into low- and high-risk groups. The high-risk
group had a poorer prognosis in all cohorts. Transient
ROC curve analysis confirmed the accuracy and robustness
of the prognostic model in TCGA and GEO data sets.
Multivariate Cox regression analysis further confirmed that
risk score could be used as an independent predictor for the

© Translational Cancer Research. All rights reserved.

prognosis of GC patients.

It has previously been reported that some of the m7G-
related genes contained in this signature play important
roles in the carcinogenesis of various cancer types. CD36 is
a highly glycosylated 88-kD class B clearance receptor, and
it is expressed on the surface of various innate and adaptive
immune cells, including monocytes, macrophages, and
dendritic cells (DCs). Furthermore, it is also expressed in
kinds of tumor cells, such as breast cancer, kidney cancer,
glioma, and melanoma and is enriched in the stem cells
of these cancers (30). In GC, CD36 can provide a critical
source of energy for membrane biosynthesis during rapid
proliferation of GC cells by regulating fatty acid uptake (31).
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GPR173 is a member of the super-conserved receptors
expressed in the brain (SREB), which is closely related to
schizophrenia and autism (32). A previous study showed that
the promoter-associated CpG island of ST6GALNACS3 is
significantly hypermethylated in prostate cancer and may act
as a relevant biomarker for prostate cancer prognosis (33).
MATN3 was shown to be involved in the development of
GC by regulating epithelial-mesenchymal transition (EMT),
suggesting the important role of MATN3 in GC (34). Wu
et al. also demonstrated by immunohistochemistry that
compared to normal tissues, MATN3 was overexpressed in
GC tissues and that it can accurately predict the prognosis
of GC patients (35). A previous study showed that CYTLI
is a cytokine with tumor suppressor properties that inhibits
tumor metastasis in multiple tumor types such as lung
cancer and breast cancer (36).

On the basis of the prognostic model we constructed, the
GC cohort was divided into 2 groups called the high- and
low- risk group, and the RDEGs between these groups were
identified. GSEA was used to demonstrate the reasons for
the significant prognostic differences between the 2 groups.
Recent studies have shown that focal adhesion is a complex
biological process regulated by focal adhesion kinase
(FAK) and that it is involved in the regulation of the tumor
microenvironment and immune response affecting tumor
progression (37,38). FAK is overexpressed in many cancers
and promotes cancer progression by regulating cellular
processes such as cell survival, proliferation, apoptosis, and
migration (39). The results of the GSEA in our study also
showed that RDEGs were predominantly enriched in “cell
adhesion”, “cell junction”, and “focal adhesion” in the high-
risk group.

Immunotherapy occupies the most important position
in the treatment of various cancers, and research on
immunotherapy has been ongoing (40,41). However,
immunotherapy is only recommended as a second- or third-
line treatment option for GC in various clinical guidelines.
For example, the 2019 European Society for Medical
Oncology (ESMO) guidelines recommend programmed
cell death protein 1 (PD-1)/PD-L1 antibody therapy
as a third-line treatment option for advanced GC (42).
The 2018 Japanese Gastric Cancer Association (JGCA)
guidelines recommend PD-1 monotherapy as third-line
treatment for advanced GC (43). This may be due to the
high heterogeneity of stomach cancer, which complicates
its immunotherapy mechanisms (44). In addition, there
are numerous factors that can affect the effectiveness of
immunotherapy for GC. Published studies have shown

© Translational Cancer Research. All rights reserved.
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that Helicobacter pylori infection reduces the susceptibility
of PD-1/PD-L1 blockade therapies for GC (45). In
conclusion, the effect of PD-1/PD-L1 blockade therapies
for GC is influenced by many factors of the tumor itself and
external factors. We analyzed the expression of 3 immune
checkpoints in high- and low-risk groups, the findings of
which may provide some new methods for immunotherapy
of GC.

To date, studies of m7G-related genes in GC are still
quite insufficient. The advantage of this study is that 11
m7G-related genes in GC prognosis were identified.
Subsequently, a prognostic model was constructed and
validated. In addition, together with the TCGA and GTEx
databases, we once again verified the differential expression
and prognosis of these 11 m7G-related genes in normal
tissues and tumor tissues. However, our study still had
some limitations. All the data in this study were obtained
from online public databases. We did not further examine
the underlying mechanism of these genes through basic
experiments, which may be conducted in future studies.

Conclusions

A prognostic model involving 11 m7G-related genes was
constructed which could accurately predict the prognosis of
GC patients. This study also disclosed associations between
immune function and m7G-related genes.
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Supplementary

Table S1 The full names of 29 m7G regulators

Genes Full names

METTL1 methyltransferase 1

WDR4 WD repeat domain 4

NSUN2 NOP2/Sun RNA methyltransferase 2

DCP2 decapping mRNA 2

DCPS decapping enzyme, scavenger

NUDT10 nudix hydrolase 10

NUDT11 nudix hydrolase 11

NUDT16 nudix hydrolase 16

NUDT3 nudix hydrolase 3

NUDT4 nudix hydrolase 4

NUDT4B nudix hydrolase 4B

AGO2 argonaute RISC catalytic component 2

CYFIP1 cytoplasmic FMR1 interacting protein 1

EIF4E eukaryotic translation initiation factor 4E

EIF4E1B eukaryotic translation initiation factor 4E family member 1B
EIF4E2 eukaryotic translation initiation factor 4E family member 2
EIF4E3 eukaryotic translation initiation factor 4E family member 3
GEMIN5 gem nuclear organelle associated protein 5

LARP1 La ribonucleoprotein 1, translational regulator

NCBP1 nuclear cap binding protein subunit 1

NCBP2 nuclear cap binding protein subunit 2

NCBP3 nuclear cap binding protein subunit 3

EIF3D eukaryotic translation initiation factor 3 subunit D

EIF4A1 eukaryotic translation initiation factor 4A1

EIFAG3 eukaryotic translation initiation factor 4 gamma 3

IFIT5 interferon induced protein with tetratricopeptide repeats 5
LSM1 LSM1 homolog, mRNA degradation associated

NCBP2L nuclear cap binding protein subunit 2 like

SNUPN snurportin 1
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Table S2 The differentially expressed genes between Cluster 1 and Cluster 2

Gene groupimea group2mea logFC P FDR

GLI3 0.762490165 1.702835985 1.159149 5.53E-32 2.96E-29
EPHA3 1.019323107 2.082318817 1.03058 6.26E-20 1.73E-18
PLIN4 0.709633813 2.337141229 1.719598 1.04E-18 2.50E-17
ASB2 1.008737294 2.160736776 1.098973 2.64E-15 4.20E-14
PCBP3 0.392516641 0.88866123 1.17888 2.90E-25 2.15E-23
ISLR2 0.417753085 0.838817188 1.005706 1.82E-16 3.33E-15
FGF10 0.378830454 1.347146691 1.830283 5.85E-25 4.05E-23
TMOD1 0.791783601 1.952211135 1.301931 1.19E-22 5.06E-21
CDO1 0.373303416 1.188271682 1.670444 5.22E-29 1.20E-26
CDON 0.670131391 1.422059588 1.085466 2.87E-20 8.21E-19
NKX3-2 0.469862059 1.298546611 1.466589 2.74E-16 4.91E-15
NFASC 0.733778586 1.588991635 1.114695 2.71E-18 6.19E-17
CYs1 1.018344174 2.044745264 1.005696 5.06E-22 1.94E-20
FBXL22 0.657230902 1.581463845 1.266788 2.27E-21 7.77E-20
EPHA7 0.337244748 1.343041577 1.993636 1.12E-20 3.45E-19
C8orf88 0.561149264 1.865757467 1.733305 2.62E-31 1.11E-28
MYOoC 0.334094434 1.320114011 1.982335 2.68E-14 3.75E-13
LRCH2 0.465346076 1.113032052 1.258119 7.21E-34 9.41E-31
PDZD4 0.416757386 1.326379783 1.670214 2.57E-28 4.53E-26
PTX3 0.373199256 0.922449949 1.305525 2.66E-21 8.91E-20
DNAJB5 1.184560866 2.382342526 1.008029 7.14E-26 6.08E-24
DCLK1 0.35153048 0.921172238 1.389821 4.37E-24 2.44E-22
GNAO1 0.703813633 1.979815945 1.492101 6.27E-25 4.29E-23
ARHGEF25 1.216054165 2.551147988 1.068939 5.77E-33 4.76E-30
FABP4 0.824851426 2.088631494 1.340352 8.23E-22 3.05E-20
ATP1A2 0.361140341 1.57139617 2.121415 8.91E-23 3.96E-21
NALT1 0.402927701 0.950579804 1.238287 2.07E-12 2.25E-11
SMPX 0.386266295 1.389909509 1.847323 1.49E-12 1.65E-11
CCDC136 0.508462223 1.272242243 1.323161 1.45E-16 2.69E-15
LINC02550 0.389221865 0.87045999 1.161185 2.00E-20 5.89E-19
CHRDL2 2.005372789 4.091080606 1.028612 1.95E-21 6.82E-20
MRGPRF 1.906731229 3.816178113 1.001027 3.09E-28 5.21E-26
DACT3 1.007167069 2.427430093 1.269127 9.67E-30 2.61E-27
SLC2A4 0.65614781 1.768488891 1.430424 6.40E-18 1.40E-16
PLXNA4 0.382529399 0.995745909 1.380207 9.77E-23 4.28E-21
MAMDC2 0.538464794 1.739257032 1.691547 2.17E-23 1.08E-21
GFRA1 0.660079605 1.70993947 1.373233 7.74E-21 2.43E-19
ABI3BP 1.287670196 2.627146785 1.028734 7.45E-20 2.03E-18
PTCH2 0.657433918 1.411280865 1.102087 1.08E-19 2.76E-18
NBEA 0.539159855 1.256948548 1.221141 7.74E-22 2.90E-20
C1QTNF2 0.499579615 1.13512762 1.184068 1.35E-26 1.32E-24
SHISA3 0.772812528 1.805706577 1.224373 3.17E-18 7ATE-17
PLPPR4 0.638491657 1.318350313 1.045994 2.45E-20 7.13E-19
SCUBE2 0.493282466 1.12836957 1.193754 1.22E-23 6.30E-22
PRKD1 0.615342878 1.406383355 1.192527 1.32E-38 2.07E-34
HSPB7 1.329260012 3.446973383 1.374707 4.58E-25 3.25E-23
KRT13 1.131253948 0.359938412 -1.6521 0.010182 0.018121
SALL2 0.609331379 1.526132131 1.324581 1.79E-27 2.30E-25
RERG 1.027080946 2.270854714 1.144686 1.07E-27 1.51E-25
SETBP1 0.91782664 1.877569597 1.032573 1.31E-25 1.04E-23
SNAP25 0.503750635 1.181837127 1.23025 5.01E-19 1.24E-17
CACNB2 0.528414521 1.188988785 1.169993 3.27E-21 1.08E-19
LINC00578 0.640654753 1.574014867 1.29683 1.10E-23 5.71E-22
NLGN4X 0.388935138 0.855563639 1.137346 1.35E-18 3.20E-17
FAM124A 0.718786655 1.504853025 1.065987 1.03E-23 5.41E-22
PLPP7 0.601685004 1.295580791 1.106519 1.76E-26 1.65E-24
TDRP 0.584269652 1.200821736 1.039316 1.79E-27 2.30E-25
C1QTNF7 0.413797586 1.173698524 1.504065 9.57E-22 3.51E-20
GRID1 0.378718998 0.860891857 1.184704 6.39E-26 5.50E-24
SYNC 0.671608816 1.820379931 1.438547 5.30E-27 5.81E-25
C14o0rf132 0.965142778 2.242654755 1.216393 2.39E-32 1.50E-29
S100A7 1.817539892 0.87790915 -1.04984 0.016266 0.027514
BCHE 0.309679312 1.250196705 2.013308 2.46E-27 2.98E-25
KCNMB1 1.130182267 2.640278994 1.224135 9.38E-22 3.45E-20
VIP 0.373816649 1.756873633 2.232608 4.80E-20 1.35E-18
SYPL2 0.34201671 0.872717872 1.351449 8.23E-27 8.54E-25
ACTC1 0.710549357 1.433090224 1.012123 6.21E-13 7.24E-12
JPH2 0.932922968 2.467833011 1.403415 1.60E-20 4.81E-19
CTSG 0.397228349 1.081528617 1.445031 8.34E-17 1.60E-15
SYNPO2 1.988910786 4.448381274 1.161302 1.08E-22 4.48E-21
ADH1B 0.934806268 2.411643242 1.367277 6.33E-19 1.56E-17
PRIMA1 0.631396799 1.948206873 1.625528 5.37E-21 1.71E-19
PNMASA 0.471722394 1.346478075 1.513181 6.77E-30 1.93E-27
MAP6 0.453108467 1.261827317 1.477586 8.20E-32 3.89E-29
NACAD 0.473755039 1.234874463 1.382151 7.16E-29 1.56E-26
FGF2 0.62076329 1.579749857 1.347581 8.80E-27 9.01E-25
ADCY5 0.943407932 2.316151442 1.295776 9.00E-23 3.98E-21
SCG2 0.740815763 1.625122119 1.133361 2.28E-24 1.37E-22
ZBTB16 0.393987959 1.103274453 1.485568 2.22E-18 5.14E-17
RTL5 0.727724307 1.473830086 1.018106 2.55E-26 2.29E-24
NHSL2 0.553957771 1.349262285 1.284323 1.96E-24 1.20E-22
ATP1B2 0.702826563 1.569477369 1.159044 1.51E-26 1.45E-24
ARHGEF26 0.960315975 1.949910004 1.021826 5.39E-18 1.18E-16
CSDC2 0.525318572 1.241530113 1.240855 4.64E-26 4.06E-24
STMN2 0.427750406 1.164477768 1.444842 1.46E-17 3.04E-16
PDE1A 0.768818927 1.59262309 1.050689 9.92E-29 1.97E-26
SSC5D 1.433843276 2.96219603 1.04678 3.89E-29 9.39E-27
DTNA 0.397605507 1.135538256 1.513967 3.77E-25 2.73E-23
SMYD1 0.171206238 1.310315935 2.936108 9.52E-13 1.08E-11
LG4 0.548265473 1.154471165 1.074286 5.42E-20 1.51E-18
THBS4 1.611626183 3.861446198 1.260624 4.46E-24 2.48E-22
MAGI2-AS3 0.630794365 1.390201174 1.140052 6.51E-34 9.41E-31
CCDC8 0.946023825 1.91236327 1.015408 1.62E-24 1.00E-22
PCDHB4 0.556278672 1.188409474 1.095152 2.79E-28 4.80E-26
MYEF2 0.449555947 0.909136842 1.015997 1.61E-15 2.65E-14
MEOX2 0.553842567 1.607248886 1.537046 1.36E-26 1.33E-24
ZFHX4 0.410252807 1.120589062 1.449672 3.13E-28 5.22E-26
DCLK2 0.648364191 1.454277747 1.165427 1.69E-29 4.33E-27
HMCN1 0.71312964 1.546594246 1.116858 2.30E-24 1.38E-22
BVES 0.70651652 1.757973016 1.315118 1.53E-23 7.81E-22
PYGM 0.319718515 1.116220384 1.803748 3.40E-23 1.62E-21
INMT 1.122751057 2.308201565 1.039731 7.96E-25 5.28E-23
ADAMTSL3 0.45884869 1.244134671 1.439052 5.94E-27 6.42E-25
ZFPM2 0.496750618 1.202827645 1.275836 9.34E-30 2.57E-27
PCDHB7 0.426701761 0.863582243 1.017106 2.54E-23 1.24E-21
FLNC 2.289846325 4.622411273 1.013395 2.24E-22 9.08E-21
ADAM23 0.477764498 1.10383851 1.208158 3.08E-27 3.58E-25
ZNF667-AS1 0.686212248 1.65270862 1.268106 7.89E-35 4.19E-31
TACR2 0.949835647 2.651302273 1.480951 6.78E-12 6.80E-11
PI16 0.768582828 1.860890823 1.275721 7.76E-14 1.03E-12
TYRP1 0.601051465 1.286958799 1.098405 6.49E-12 6.54E-11
PRELP 2.020452385 4.151051048 1.038798 1.89E-27 2.39E-25
PRUNE2 1.214375133 3.007927832 1.308556 2.38E-20 6.95E-19
TRO 0.423274103 0.904897555 1.096162 2.45E-30 7.69E-28
GRIK5 0.391379908 1.270680988 1.69896 6.41E-25 4.37E-23
FGF7 1.214479548 2.620022459 1.109241 3.59E-28 5.87E-26
KCNK3 0.460987052 1.39406147 1.596496 1.16E-22 5.00E-21
PPP1R1A 0.35142797 1.203305304 1.775702 1.14E-17 2.42E-16
ACTA2-AS1 0.65287549 1.670957498 1.355795 3.08E-26 2.74E-24
CHRNA3 0.294182997 1.36645578 2.215653 1.30E-20 3.95E-19
TMEMB35A 0.294966219 1.21015257 2.036567 1.75E-27 2.28E-25
GLRB 0.386256727 1.074524226 1.476066 5.70E-33 4.76E-30
FAM180A 0.520412135 1.25041396 1.264679 1.83E-22 7.56E-21
PSD 0.734087087 1.894950475 1.368137 2.76E-20 7.93E-19
FILIP1 0.751469979 1.84030597 1.292158 7.17E-23 3.27E-21
RSPO3 1.44488074 2.90438372 1.007282 3.57E-25 2.60E-23
CNR1 0.375765279 1.056495144 1.491382 2.55E-20 7.39E-19
GREM2 0.774732782 2.027884775 1.388205 8.05E-21 2.51E-19
PTGER3 0.502841985 1.405428972 1.482834 1.27E-34 4.19E-31
PDZRN4 0.212963519 1.16264048 2.448727 1.12E-24 7.21E-23
A2M-AS1 0.378383529 0.822147158 1.119547 2.52E-25 1.87E-23
HAND2-AS1 0.194379543 1.230272939 2.66203 2.79E-24 1.65E-22
PLA2G5 0.36074794 0.851957507 1.23979 9.71E-18 2.07E-16
ABCAS8 0.477447562 1.337543924 1.486172 2.05E-22 8.37E-21
PGM5 1.018054762 2.772411823 1.445326 1.28E-22 5.42E-21
GSTM5 0.350034062 0.926602564 1.404455 3.13E-25 2.30E-23
PNCK 0.307361217 1.206996646 1.973415 1.09E-17 2.31E-16
DMD 0.796548876 1.713545214 1.105149 2.81E-18 6.41E-17
PDE1B 0.465003729 0.931820368 1.00281 2.09E-21 7.23E-20
RBPMS2 1.66908667 3.482429266 1.061035 1.88E-24 1.15E-22
GAP43 0.324842844 0.902300107 1.473865 1.24E-21 4.49E-20
CILP 0.874314172 2.134060272 1.287377 7.08E-19 1.73E-17
CPXM2 1.605861946 3.313534994 1.045023 5.94E-25 4.10E-23
FCER1A 0.624814454 1.457969327 1.222461 2.82E-15 4.48E-14
RAB9B 0.41875944 1.051224938 1.327878 2.18E-21 7.51E-20
AOX1 0.593025393 1.421989996 1.261746 1.94E-22 8.02E-21
CASQ2 0.491346158 1.851349738 1.913766 7.34E-24 3.97E-22
CHRDL1 0.89035267 2.423487833 1.444636 3.12E-23 1.50E-21
GPM6B 0.699305857 1.403089141 1.004611 3.55E-22 1.39E-20
Six2 1.172259712 2.662036185 1.183238 8.45E-17 1.62E-15
RNF180 0.472250658 1.150668321 1.284847 3.45E-33 3.38E-30
LRRC10B 0.506881162 1.06650716 1.073174 4.05E-13 4.89E-12
KCNMA1 0.779269022 2.268060864 1.541266 1.14E-21 4.13E-20
c7 1.490885972 3.645435491 1.289921 2.48E-21 8.37E-20
LDB3 0.395686046 1.490304894 1.913179 2.11E-19 5.40E-18
AMPH 0.362074053 0.827383033 1.192271 6.14E-25 4.22E-23
PTGFR 0.472697883 1.117674451 1.24151 1.22E-19 3.24E-18
GPRASP1 0.612898286 1.485749175 1.277471 3.61E-27 4.16E-25
FAM13C 0.443840398 0.985299672 1.150522 9.26E-24 4.94E-22
COLEC12 0.887928547 1.860042237 1.06682 1.99E-26 1.84E-24
TUB 0.40099399 1.061464505 1.404404 9.36E-29 1.91E-26
HHIP-AS1 0.443320112 1.010784718 1.189055 3.97E-23 1.86E-21
MKX 0.438692112 1.146072518 1.385418 4.99E-23 2.30E-21
MIR4641 0.717901864 0.344898807 -1.05761 5.30E-08 2.69E-07
RUNX1T1 0.476999482 1.178982958 1.305483 1.65E-27 2.17E-25
TTLL7 0.61662316 1.343944753 1.124013 3.44E-18 7.7T4E-17
TCEAL2 0.467028978 1.935773428 2.051326 6.34E-28 9.65E-26
ISM1 0.868927069 2.232411815 1.361296 5.89E-28 9.06E-26
MYOCD 0.680771614 1.987874493 1.545984 4.39E-20 1.24E-18
SLIT2 0.675986979 1.768829782 1.387728 1.61E-27 2.14E-25
WNTOA 0.692747715 1.573368204 1.183454 7.85E-19 1.90E-17
CARMN 0.40167449 1.348036613 1.746761 2.29E-22 9.25E-21
SGCD 0.983181156 2.163586418 1.137896 2.14E-29 5.31E-27
BEND5 0.451653716 1.085667842 1.265294 7.88E-26 6.57E-24
FNDC5 0.391404589 1.001734062 1.355767 1.43E-19 3.74E-18
MBNL1-AS1 0.535515094 1.482056507 1.468601 2.91E-21 9.65E-20
PGM5-AS1 0.261860251 1.307271671 2.31969 1.73E-20 5.14E-19
PRICKLE2 0.957872799 2.037509015 1.0889 8.05E-27 8.46E-25
SPEG 0.576768233 1.663545794 1.528198 1.63E-20 4.89E-19
NR2F1-AS1 0.358548615 0.847904017 1.241732 8.93E-31 3.38E-28
MAGI2 0.363209726 0.836351309 1.203306 4.37E-31 1.76E-28
FREM1 0.374024055 0.807249024 1.109883 5.83E-14 7.80E-13
NRXN2 0.383922055 1.012642276 1.399239 6.15E-20 1.70E-18
PGM5P4 0.405862811 0.996568975 1.295978 2.98E-16 5.32E-15
STARD9 0.473571622 0.962592716 1.023343 2.57E-18 5.89E-17
TCEAL7 0.799422755 1.833358449 1.197458 7.98E-34 9.62E-31
RBMS3 0.845612856 1.740180305 1.041168 1.24E-27 1.71E-25
PRICKLET 0.547966383 1.140947735 1.058073 1.39E-26 1.35E-24
STON1 0.914227899 2.17156789 1.248111 1.66E-33 1.74E-30
BHMT2 0.440229893 1.231817751 1.48446 8.51E-26 7.02E-24
C160rf89 0.856527983 1.72874746 1.013155 3.08E-14 4.26E-13
TMEM252 0.256401336 1.120326759 2.127444 1.33E-18 3.17E-17
ST6GALNACS 0.895276419 1.801091662 1.008467 2.66E-27 3.21E-25
SYNM 1.801687841 4.067811782 1.174904 4.18E-17 8.28E-16
ANK2 0.481297356 1.35867191 1.497197 1.21E-23 6.25E-22
SCRG1 0.341880588 1.566794728 2.196252 3.35E-24 1.91E-22
NGFR 0.775379957 1.999151959 1.366413 4.15E-21 1.35E-19
SVEP1 0.869145316 1.793605563 1.045193 4.24E-21 1.37E-19
SNORD116-4 0.440664295 1.252958253 1.507586 2.84E-20 8.16E-19
SCN4B 0.48967471 1.10005846 1.167685 2.38E-21 8.08E-20
NEGR1 0.532265764 1.429378026 1.425169 5.46E-24 3.01E-22
PRKAA2 0.500648496 1.182440498 1.239898 1.01E-16 1.90E-15
COL4A6 0.40681051 1.060630995 1.382494 3.82E-10 2.84E-09
DSEL 0.377657934 0.893833435 1.242926 1.46E-28 2.82E-26
MICcU3 0.383419528 0.946120364 1.3031 8.29E-33 6.50E-30
SGCA 0.772075386 1.99055225 1.366355 5.43E-21 1.72E-19
SLC22A17 1.159162992 2.366932661 1.029935 5.40E-32 2.96E-29
SHISAL1 0.486729429 1.52462459 1.647262 2.41E-22 9.71E-21
TENM3 0.487380651 1.100838045 1.175481 4.87E-21 1.56E-19
SORCS2 0.623815073 1.26335079 1.018065 1.05E-21 3.83E-20
AGTRT1 0.249150645 1.042366264 2.064772 4.35E-24 2.44E-22
ANGPTL1 0.629670048 2.140584129 1.765337 2.88E-24 1.70E-22
ENOX1 0.686116634 1.408466683 1.0376 6.91E-29 1.55E-26
DIRAST 0.40716142 0.946555963 1.217087 1.05E-19 2.80E-18
ZNF423 0.808289138 1.624887921 1.007397 8.33E-26 6.90E-24
CNTN1 0.36331208 1.430588934 1.977328 3.50E-32 2.11E-29
NPTX1 0.317967265 1.049635826 1.722939 1.39E-21 4.99E-20
MAPK10 0.365103271 0.940997128 1.365886 9.43E-28 1.36E-25
CRLF1 0.62579601 1.261327609 1.011179 1.92E-15 3.14E-14
CADM3 0.369329932 1.181784262 1.677985 2.13E-22 8.65E-21
LRRN4CL 0.851068347 1.844735266 1.116067 2.03E-27 2.54E-25
FAM110B 0.682268858 1.387732907 1.024318 1.70E-25 1.32E-23
MIR100HG 0.857593937 2.181711685 1.347094 1.50E-30 5.22E-28
HLF 0.571814356 1.223801951 1.097751 1.43E-10 1.14E-09
REEP2 0.653107987 1.554786883 1.251323 4.59E-23 2.13E-21
ELOVL4 0.394840323 0.83063655 1.072948 8.94E-29 1.87E-26
CAND2 0.519632893 1.341615258 1.368406 3.21E-24 1.85E-22
BMP3 0.2482148 1.149086361 2.210826 3.63E-18 8.12E-17
NCAM1 0.427642957 1.077523447 1.333241 4.61E-19 1.14E-17
RGS7BP 0.436690624 0.908135126 1.056295 4.21E-18 9.37E-17
PCDHB5 0.476063246 1.200457246 1.334359 8.99E-26 7.38E-24
ADAMS33 0.65148221 1.832506824 1.492021 1.21E-27 1.68E-25
METTL24 0.42853297 1.441530174 1.750123 1.00E-25 8.15E-24
RGMA 1.022361004 2.656443111 1.377591 1.52E-24 9.44E-23
THBS1-AS1 0.458278674 0.976705847 1.091699 1.34E-14 1.95E-13
NAP1TL3 0.40438786 1.138243857 1.492998 6.68E-34 9.41E-31
TRPC1 0.560712951 1.196488012 1.093472 2.28E-30 7.30E-28
ABCC9 0.797804569 2.030686631 1.34786 4.21E-30 1.27E-27
CDH2 0.55894207 1.216069667 1.121455 4.77E-21 1.53E-19
GASK1A 0.487619749 1.095077098 1.167204 1.69E-20 5.08E-19
GRP 0.45067147 0.969039417 1.104479 6.86E-11 5.80E-10
OMD 0.912767967 2.24614939 1.299134 1.74E-22 7.24E-21
CACNA1C 0.779268044 1.694606256 1.120759 1.11E-20 3.43E-19
BMPR1B 0.42062051 0.907866407 1.109961 3.20E-18 7.23E-17
PYGO1 0.609228062 1.281157412 1.072393 1.30E-27 1.77E-25
BOC 0.898571828 2.226038413 1.308773 7.50E-29 1.61E-26
BNC2 0.547645234 1.474787812 1.429194 1.63E-30 5.56E-28
PDE7B 0.584608163 1.373795394 1.232625 9.87E-23 4.31E-21
MPDZ 0.848152627 1.864279745 1.136223 2.81E-34 4.89E-31
POPDC2 0.893124198 2.060460582 1.206034 8.13E-21 2.53E-19
USP51 0.388844555 0.806472877 1.052432 7.21E-26 6.08E-24
NRXN3 0.38279499 1.240388967 1.696149 8.72E-23 3.91E-21
ECRG4 0.780756923 2.680761622 1.779698 2.51E-22 1.01E-20
PLN 1.714905967 3.821069638 1.155847 3.28E-24 1.88E-22
FGF14-AS2 0.34600357 0.948428801 1.454753 1.35E-26 1.32E-24
ADGRD1 0.441604699 1.107920545 1.8327027 1.10E-21 4.01E-20
SviL2P 0.386396007 0.781193088 1.015599 2.38E-09 1.56E-08
GHR 0.409378677 1.146603212 1.485858 4.32E-31 1.76E-28
HAND2 0.709036884 2.590657638 1.869386 7.19E-24 3.90E-22
NXPH3 0.367326068 1.162453636 1.66204 1.17E-24 7.47E-23
ADAMTS8 0.604301415 1.672251502 1.468452 1.17E-18 2.79E-17
CNTN4 0.490547333 0.996305859 1.022196 1.33E-21 4.80E-20
FOXP2 0.329310864 1.106171465 1.748053 5.87E-27 6.39E-25
PDGFRL 0.968776405 1.984454837 1.034507 1.84E-25 1.41E-23
GALNT15 0.553910287 1.180477088 1.091646 1.71E-20 5.12E-19
DZIP1 0.72248775 1.471596645 1.026337 6.82E-32 3.34E-29
SFRP1 0.865824017 2.722524154 1.652799 4.63E-27 5.22E-25
RNF150 0.664301269 1.891081455 1.509302 6.74E-32 3.34E-29
CARTPT 0.195199428 1.260118786 2.690539 5.93E-17 1.16E-15
OGN 1.479790028 3.743939499 1.339165 5.75E-25 4.01E-23
TMEM130 0.415107429 0.882862554 1.088704 5.63E-16 9.74E-15
ROR2 1.258765629 2.536242516 1.010683 1.79E-29 4.52E-27
REEP1 0.809496761 1.683643259 1.056489 6.16E-17 1.20E-15
TMEM100 0.458243707 1.459753665 1.671538 3.07E-24 1.78E-22
MMRN1 0.744463916 1.644037021 1.142969 1.61E-19 4.19E-18
PCP4L1 0.523586902 1.341538737 1.357388 4.90E-13 5.82E-12
PCOLCE2 0.37563518 0.802726538 1.095576 2.84E-14 3.97E-13
LGI2 0.942363593 1.888019777 1.002518 1.05E-20 3.24E-19
CPED1 1.328710172 2.68054688 1.012501 1.44E-22 6.08E-21
TNN 0.348055183 0.876180016 1.331911 6.85E-17 1.33E-15
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Table S3 The differentially expressed genes between high- and low-risk groups

Gene groupimea group2mea logFC P FDR

GLI3 0.76249 1.702836 1.159149 5.53E-32 2.96E-29
EPHA3 1.019323 2.082319 1.03058 6.26E-20 1.73E-18
PLIN4 0.709634 2.337141 1.719598 1.04E-18 2.50E-17
ASB2 1.008737 2.160737 1.098973 2.64E-15 4.20E-14
PCBP3 0.392517 0.888661 1.17888 2.90E-25 2.15E-23
ISLR2 0.417753 0.838817 1.005706 1.82E-16 3.33E-15
FGF10 0.37883 1.347147 1.830283 5.85E-25 4.05E-23
TMOD1 0.791784 1.952211 1.301931 1.19E-22 5.06E-21
CDO1 0.373303 1.188272 1.670444 5.22E-29 1.20E-26
CDON 0.670131 1.42206 1.085466 2.87E-20 8.21E-19
NKX3-2 0.469862 1.298547 1.466589 2.74E-16 4.91E-15
NFASC 0.733779 1.588992 1.114695 2.71E-18 6.19E-17
CYs1 1.018344 2.044745 1.005696 5.06E-22 1.94E-20
FBXL22 0.657231 1.581464 1.266788 2.27E-21 7.77E-20
EPHA7 0.337245 1.343042 1.993636 1.12E-20 3.45E-19
C8orf88 0.561149 1.865757 1.733305 2.62E-31 1.11E-28
MYOC 0.334094 1.320114 1.982335 2.68E-14 3.75E-13
LRCH2 0.465346 1.113032 1.258119 7.21E-34 9.41E-31
PDZD4 0.416757 1.32638 1.670214 2.57E-28 4.53E-26
PTX3 0.373199 0.92245 1.305525 2.66E-21 8.91E-20
DNAJB5 1.184561 2.382343 1.008029 7.14E-26 6.08E-24
DCLK1 0.35153 0.921172 1.389821 4.37E-24 2.44E-22
GNAO1 0.703814 1.979816 1.492101 6.27E-25 4.29E-23
ARHGEF25 1.216054 2.551148 1.068939 5.77E-33 4.76E-30
FABP4 0.824851 2.088631 1.340352 8.23E-22 3.05E-20
ATP1A2 0.36114 1.571396 2.121415 8.91E-23 3.96E-21
NALT1 0.402928 0.95058 1.238287 2.07E-12 2.25E-11
SMPX 0.386266 1.38991 1.847323 1.49E-12 1.65E-11
CCDC136 0.508462 1.272242 1.323161 1.45E-16 2.69E-15
LINC02550 0.389222 0.87046 1.161185 2.00E-20 5.89E-19
CHRDL2 2.005373 4.091081 1.028612 1.95E-21 6.82E-20
MRGPRF 1.906731 3.816178 1.001027 3.09E-28 5.21E-26
DACT3 1.007167 2.42743 1.269127 9.67E-30 2.61E-27
SLC2A4 0.656148 1.768489 1.430424 6.40E-18 1.40E-16
PLXNA4 0.382529 0.995746 1.380207 9.77E-23 4.28E-21
MAMDC2 0.538465 1.739257 1.691547 2.17E-23 1.08E-21
GFRA1 0.66008 1.709939 1.373233 7.74E-21 2.43E-19
ABI3BP 1.28767 2.627147 1.028734 7.45E-20 2.03E-18
PTCH2 0.657434 1.411281 1.102087 1.03E-19 2.76E-18
NBEA 0.53916 1.256949 1.221141 7.74E-22 2.90E-20
C1QTNF2 0.49958 1.135128 1.184068 1.35E-26 1.32E-24
SHISA3 0.772813 1.805707 1.224373 3.17E-18 7ATE-17
PLPPR4 0.638492 1.31835 1.045994 2.45E-20 7.13E-19
SCUBE2 0.493282 1.12837 1.193754 1.22E-23 6.30E-22
PRKD1 0.615343 1.406383 1.192527 1.32E-38 2.07E-34
HSPB7 1.32926 3.446973 1.374707 4.58E-25 3.25E-23
KRT13 1.131254 0.359938 -1.6521 0.010182 0.018121
SALL2 0.609331 1.526132 1.324581 1.79e-27 2.30E-25
RERG 1.027081 2.270855 1.144686 1.07E-27 1.51E-25
SETBP1 0.917827 1.87757 1.032573 1.31E-25 1.04E-23
SNAP25 0.503751 1.181837 1.23025 5.01E-19 1.24E-17
CACNB2 0.528415 1.188989 1.169993 3.27E-21 1.08E-19
LINC00578 0.640655 1.574015 1.29683 1.10E-23 5.71E-22
NLGN4X 0.388935 0.855564 1.137346 1.35E-18 3.20E-17
FAM124A 0.718787 1.504853 1.065987 1.03E-23 5.41E-22
PLPP7 0.601685 1.295581 1.106519 1.76E-26 1.65E-24
TDRP 0.58427 1.200822 1.039316 1.79e-27 2.30E-25
C1QTNF7 0.413798 1.173699 1.504065 9.57E-22 3.51E-20
GRID1 0.378719 0.860892 1.184704 6.39E-26 5.50E-24
SYNC 0.671609 1.82038 1.438547 5.30E-27 5.81E-25
C14o0rf132 0.965143 2.242655 1.216393 2.39E-32 1.50E-29
S100A7 1.81754 0.877909 -1.04984 0.016266 0.027514
BCHE 0.309679 1.250197 2.013308 2.46E-27 2.98E-25
KCNMB1 1.130182 2.640279 1.224135 9.38E-22 3.45E-20
VIP 0.373817 1.756874 2.232608 4.80E-20 1.35E-18
SYPL2 0.342017 0.872718 1.351449 8.23E-27 8.54E-25
ACTC1 0.710549 1.43309 1.012123 6.21E-13 7.24E-12
JPH2 0.932923 2.467833 1.403415 1.60E-20 4.81E-19
CTSG 0.397228 1.081529 1.445031 8.34E-17 1.60E-15
SYNPO2 1.988911 4.448381 1.161302 1.08E-22 4.48E-21
ADH1B 0.934806 2.411643 1.367277 6.33E-19 1.56E-17
PRIMA1 0.631397 1.948207 1.625528 5.37E-21 1.71E-19
PNMASA 0.471722 1.346478 1.513181 6.77E-30 1.93E-27
MAP6 0.453108 1.261827 1.477586 8.20E-32 3.89E-29
NACAD 0.473755 1.234874 1.382151 7.16E-29 1.56E-26
FGF2 0.620763 1.57975 1.347581 8.80E-27 9.01E-25
ADCY5 0.943408 2.316151 1.295776 9.00E-23 3.98E-21
SCG2 0.740816 1.625122 1.133361 2.28E-24 1.37E-22
ZBTB16 0.393988 1.103274 1.485568 2.22E-18 5.14E-17
RTL5 0.727724 1.47383 1.018106 2.55E-26 2.29E-24
NHSL2 0.553958 1.349262 1.284323 1.96E-24 1.20E-22
ATP1B2 0.702827 1.569477 1.159044 1.51E-26 1.45E-24
ARHGEF26 0.960316 1.94991 1.021826 5.39E-18 1.18E-16
CSDC2 0.525319 1.24153 1.240855 4.64E-26 4.06E-24
STMIN2 0.42775 1.164478 1.444842 1.46E-17 3.04E-16
PDE1A 0.768819 1.592623 1.050689 9.92E-29 1.97E-26
SSC5D 1.433843 2.962196 1.04678 3.89E-29 9.39E-27
DTNA 0.397606 1.135538 1.513967 3.77E-25 2.73E-23
SMYD1 0.171206 1.310316 2.936108 9.52E-13 1.08E-11
LG4 0.548265 1.154471 1.074286 5.42E-20 1.51E-18
THBS4 1.611626 3.861446 1.260624 4.46E-24 2.48E-22
MAGI2-AS3 0.630794 1.390201 1.140052 6.51E-34 9.41E-31
CCDC8 0.946024 1.912363 1.015408 1.62E-24 1.00E-22
PCDHB4 0.556279 1.188409 1.095152 2.79E-28 4.80E-26
MYEF2 0.449556 0.909137 1.015997 1.61E-15 2.65E-14
MEOX2 0.553843 1.607249 1.537046 1.36E-26 1.33E-24
ZFHX4 0.410253 1.120589 1.449672 3.13E-28 5.22E-26
DCLK2 0.648364 1.454278 1.165427 1.69E-29 4.33E-27
HMCN1 0.71313 1.546594 1.116858 2.30E-24 1.38E-22
BVES 0.706517 1.757973 1.315118 1.53E-23 7.81E-22
PYGM 0.319719 1.11622 1.803748 3.40E-23 1.62E-21
INMT 1.122751 2.308202 1.039731 7.96E-25 5.28E-23
ADAMTSL3 0.458849 1.244135 1.439052 5.94E-27 6.42E-25
ZFPM2 0.496751 1.202828 1.275836 9.34E-30 2.57E-27
PCDHB7 0.426702 0.863582 1.017106 2.54E-23 1.24E-21
FLNC 2.289846 4.622411 1.013395 2.24E-22 9.08E-21
ADAM23 0.477764 1.103839 1.208158 3.08E-27 3.58E-25
ZNF667-AS1 0.686212 1.652709 1.268106 7.89E-35 4.19E-31
TACR2 0.949836 2.651302 1.480951 6.78E-12 6.80E-11
PI16 0.768583 1.860891 1.275721 7.76E-14 1.03E-12
TYRP1 0.601051 1.286959 1.098405 6.49E-12 6.54E-11
PRELP 2.020452 4.151051 1.038798 1.89E-27 2.39E-25
PRUNE2 1.214375 3.007928 1.308556 2.38E-20 6.95E-19
TRO 0.423274 0.904898 1.096162 2.45E-30 7.69E-28
GRIK5 0.39138 1.270681 1.69896 6.41E-25 4.37E-23
FGF7 1.21448 2.620022 1.109241 3.59E-28 5.87E-26
KCNK3 0.460987 1.394061 1.596496 1.16E-22 5.00E-21
PPP1R1A 0.351428 1.203305 1.775702 1.14E-17 2.42E-16
ACTA2-AS1 0.652875 1.670957 1.355795 3.08E-26 2.74E-24
CHRNA3 0.294183 1.366456 2.215653 1.30E-20 3.95E-19
TMEMB35A 0.294966 1.210153 2.036567 1.75E-27 2.28E-25
GLRB 0.386257 1.074524 1.476066 5.70E-33 4.76E-30
FAM180A 0.520412 1.250414 1.264679 1.83E-22 7.56E-21
PSD 0.734087 1.89495 1.368137 2.76E-20 7.93E-19
FILIP1 0.75147 1.840306 1.292158 7.17E-23 3.27E-21
RSPO3 1.444881 2.904384 1.007282 3.57E-25 2.60E-23
CNR1 0.375765 1.056495 1.491382 2.55E-20 7.39E-19
GREM2 0.774733 2.027885 1.388205 8.05E-21 2.51E-19
PTGER3 0.502842 1.405429 1.482834 1.27E-34 4.19E-31
PDZRN4 0.212964 1.16264 2.448727 1.12E-24 7.21E-23
A2M-AS1 0.378384 0.822147 1.119547 2.52E-25 1.87E-23
HAND2-AS1 0.19438 1.230273 2.66203 2.79E-24 1.65E-22
PLA2G5 0.360748 0.851958 1.23979 9.71E-18 2.07E-16
ABCAS8 0.477448 1.337544 1.486172 2.05E-22 8.37E-21
PGM5 1.018055 2.772412 1.445326 1.28E-22 5.42E-21
GSTM5 0.350034 0.926603 1.404455 3.13E-25 2.30E-23
PNCK 0.307361 1.206997 1.973415 1.09E-17 2.31E-16
DMD 0.796549 1.713545 1.105149 2.81E-18 6.41E-17
PDE1B 0.465004 0.93182 1.00281 2.09E-21 7.23E-20
RBPMS2 1.669087 3.482429 1.061035 1.88E-24 1.15E-22
GAP43 0.324843 0.9023 1.473865 1.24E-21 4.49E-20
CILP 0.874314 2.13406 1.287377 7.08E-19 1.73E-17
CPXM2 1.605862 3.313535 1.045023 5.94E-25 4.10E-23
FCER1A 0.624814 1.457969 1.222461 2.82E-15 4.48E-14
RAB9B 0.418759 1.051225 1.327878 2.18E-21 7.51E-20
AOX1 0.593025 1.42199 1.261746 1.94E-22 8.02E-21
CASQ2 0.491346 1.85135 1.913766 7.34E-24 3.97E-22
CHRDL1 0.890353 2.423488 1.444636 3.12E-23 1.50E-21
GPM6B 0.699306 1.403089 1.004611 3.55E-22 1.39E-20
SIxX2 1.17226 2.662036 1.183238 8.45E-17 1.62E-15
RNF180 0.472251 1.150668 1.284847 3.45E-33 3.38E-30
LRRC10B 0.506881 1.066507 1.073174 4.05E-13 4.89E-12
KCNMA1 0.779269 2.268061 1.541266 1.14E-21 4.13E-20
c7 1.490886 3.645435 1.289921 2.48E-21 8.37E-20
LDB3 0.395686 1.490305 1.913179 2.11E-19 5.40E-18
AMPH 0.362074 0.827383 1.192271 6.14E-25 4.22E-23
PTGFR 0.472698 1.117674 1.24151 1.22E-19 3.24E-18
GPRASP1 0.612898 1.485749 1.277471 3.61E-27 4.16E-25
FAM13C 0.44384 0.9853 1.150522 9.26E-24 4.94E-22
COLEC12 0.887929 1.860042 1.06682 1.99E-26 1.84E-24
TUB 0.400994 1.061465 1.404404 9.36E-29 1.91E-26
HHIP-AS1 0.44332 1.010785 1.189055 3.97E-23 1.86E-21
MKX 0.438692 1.146073 1.385418 4.99E-23 2.30E-21
MIR4641 0.717902 0.344899 -1.05761 5.30E-08 2.69E-07
RUNX1T1 0.476999 1.178983 1.305483 1.65E-27 2.17E-25
TTLL7 0.616623 1.343945 1.124013 3.44E-18 7.7T4E-17
TCEAL2 0.467029 1.935773 2.051326 6.34E-28 9.65E-26
ISM1 0.868927 2.232412 1.361296 5.89E-28 9.06E-26
MYOCD 0.680772 1.987874 1.545984 4.39E-20 1.24E-18
SLIT2 0.675987 1.76883 1.387728 1.61E-27 2.14E-25
WNT9A 0.692748 1.573368 1.183454 7.85E-19 1.90E-17
CARMN 0.401674 1.348037 1.746761 2.29E-22 9.25E-21
SGCD 0.983181 2.163586 1.137896 2.14E-29 5.31E-27
BEND5 0.451654 1.085668 1.265294 7.88E-26 6.57E-24
FNDC5 0.391405 1.001734 1.355767 1.43E-19 3.74E-18
MBNL1-AS1 0.535515 1.482057 1.468601 2.91E-21 9.65E-20
PGM5-AST 0.26186 1.307272 2.31969 1.73E-20 5.14E-19
PRICKLE2 0.957873 2.037509 1.0889 8.05E-27 8.46E-25
SPEG 0.576768 1.663546 1.528198 1.63E-20 4.89E-19
NR2F1-AS1 0.358549 0.847904 1.241732 8.93E-31 3.38E-28
MAGI2 0.36321 0.836351 1.203306 4.37E-31 1.76E-28
FREM1 0.374024 0.807249 1.109883 5.83E-14 7.80E-13
NRXN2 0.383922 1.012642 1.399239 6.15E-20 1.70E-18
PGM5P4 0.405863 0.996569 1.295978 2.98E-16 5.32E-15
STARD9 0.473572 0.962593 1.023343 2.57E-18 5.89E-17
TCEAL7 0.799423 1.833358 1.197458 7.98E-34 9.62E-31
RBMS3 0.845613 1.74018 1.041168 1.24E-27 1.71E-25
PRICKLET 0.547966 1.140948 1.058073 1.39E-26 1.35E-24
STON1 0.914228 2.171568 1.248111 1.66E-33 1.74E-30
BHMT2 0.44023 1.231818 1.48446 8.51E-26 7.02E-24
C160rf89 0.856528 1.728747 1.013155 3.08E-14 4.26E-13
TMEM252 0.256401 1.120327 2.127444 1.33E-18 3.17E-17
ST6GALNACS 0.895276 1.801092 1.008467 2.66E-27 3.21E-25
SYNM 1.801688 4.067812 1.174904 4.18E-17 8.28E-16
ANK2 0.481297 1.358672 1.497197 1.21E-23 6.25E-22
SCRG1 0.341881 1.566795 2.196252 3.35E-24 1.91E-22
NGFR 0.77538 1.999152 1.366413 4.15E-21 1.35E-19
SVEP1 0.869145 1.793606 1.045193 4.24E-21 1.37E-19
SNORD116-4 0.440664 1.252958 1.507586 2.84E-20 8.16E-19
SCN4B 0.489675 1.100058 1.167685 2.38E-21 8.08E-20
NEGR1 0.532266 1.429378 1.425169 5.46E-24 3.01E-22
PRKAA2 0.500648 1.18244 1.239898 1.01E-16 1.90E-15
COL4A6 0.406811 1.060631 1.382494 3.82E-10 2.84E-09
DSEL 0.377658 0.893833 1.242926 1.46E-28 2.82E-26
MIcU3 0.38342 0.94612 1.3031 8.29E-33 6.50E-30
SGCA 0.772075 1.990552 1.366355 5.43E-21 1.72E-19
SLC22A17 1.159163 2.366933 1.029935 5.40E-32 2.96E-29
SHISAL1 0.486729 1.524625 1.647262 2.41E-22 9.71E-21
TENM3 0.487381 1.100838 1.175481 4.87E-21 1.56E-19
SORCS2 0.623815 1.263351 1.018065 1.05E-21 3.83E-20
AGTRT1 0.249151 1.042366 2.064772 4.35E-24 2.44E-22
ANGPTL1 0.62967 2.140584 1.765337 2.88E-24 1.70E-22
ENOX1 0.686117 1.408467 1.0376 6.91E-29 1.55E-26
DIRAST 0.407161 0.946556 1.217087 1.05E-19 2.80E-18
ZNF423 0.808289 1.624888 1.007397 8.33E-26 6.90E-24
CNTN1 0.363312 1.430589 1.977328 3.50E-32 2.11E-29
NPTX1 0.317967 1.049636 1.722939 1.39E-21 4.99E-20
MAPK10 0.365103 0.940997 1.365886 9.43E-28 1.36E-25
CRLF1 0.625796 1.261328 1.011179 1.92E-15 3.14E-14
CADM3 0.36933 1.181784 1.677985 2.13E-22 8.65E-21
LRRN4CL 0.851068 1.844735 1.116067 2.03E-27 2.54E-25
FAM110B 0.682269 1.387733 1.024318 1.70E-25 1.32E-23
MIR100HG 0.857594 2.181712 1.347094 1.50E-30 5.22E-28
HLF 0.571814 1.223802 1.097751 1.43E-10 1.14E-09
REEP2 0.653108 1.554787 1.251323 4.59E-23 2.13E-21
ELOVL4 0.39484 0.830637 1.072948 8.94E-29 1.87E-26
CAND2 0.519633 1.341615 1.368406 3.21E-24 1.85E-22
BMP3 0.248215 1.149086 2.210826 3.63E-18 8.12E-17
NCAM1 0.427643 1.077523 1.333241 4.61E-19 1.14E-17
RGS7BP 0.436691 0.908135 1.056295 4.21E-18 9.37E-17
PCDHB5 0.476063 1.200457 1.334359 8.99E-26 7.38E-24
ADAMS33 0.651482 1.832507 1.492021 1.21E-27 1.68E-25
METTL24 0.428533 1.44153 1.750123 1.00E-25 8.15E-24
RGMA 1.022361 2.656443 1.377591 1.52E-24 9.44E-23
THBS1-AS1 0.458279 0.976706 1.091699 1.34E-14 1.95E-13
NAP1L3 0.404388 1.138244 1.492998 6.68E-34 9.41E-31
TRPC1 0.560713 1.196488 1.093472 2.28E-30 7.30E-28
ABCC9 0.797805 2.030687 1.34786 4.21E-30 1.27E-27
CDH2 0.558942 1.21607 1.121455 4.77E-21 1.53E-19
GASK1A 0.48762 1.095077 1.167204 1.69E-20 5.08E-19
GRP 0.450671 0.969039 1.104479 6.86E-11 5.80E-10
OMD 0.912768 2.246149 1.299134 1.74E-22 7.24E-21
CACNA1C 0.779268 1.694606 1.120759 1.11E-20 3.43E-19
BMPR1B 0.420621 0.907866 1.109961 3.20E-18 7.23E-17
PYGO1 0.609228 1.281157 1.072393 1.30E-27 1.77E-25
BOC 0.898572 2.226038 1.308773 7.50E-29 1.61E-26
BNC2 0.547645 1.474788 1.429194 1.63E-30 5.56E-28
PDE7B 0.584608 1.373795 1.232625 9.87E-23 4.31E-21
MPDZ 0.848153 1.86428 1.136223 2.81E-34 4.89E-31
POPDC2 0.893124 2.060461 1.206034 8.13E-21 2.53E-19
USP51 0.388845 0.806473 1.052432 7.21E-26 6.08E-24
NRXN3 0.382795 1.240389 1.696149 8.72E-23 3.91E-21
ECRG4 0.780757 2.680762 1.779698 2.51E-22 1.01E-20
PLN 1.714906 3.82107 1.155847 3.28E-24 1.88E-22
FGF14-AS2 0.346004 0.948429 1.454753 1.35E-26 1.32E-24
ADGRD1 0.441605 1.107921 1.327027 1.10E-21 4.01E-20
SviL2P 0.386396 0.781193 1.015599 2.38E-09 1.56E-08
GHR 0.409379 1.146603 1.485858 4.32E-31 1.76E-28
HAND2 0.709037 2.590658 1.869386 7.19E-24 3.90E-22
NXPH3 0.367326 1.162454 1.66204 1.17E-24 7.47E-23
ADAMTS8 0.604301 1.672252 1.468452 1.17E-18 2.79E-17
CNTN4 0.490547 0.996306 1.022196 1.33E-21 4.80E-20
FOXP2 0.329311 1.106171 1.748053 5.87E-27 6.39E-25
PDGFRL 0.968776 1.984455 1.034507 1.84E-25 1.41E-23
GALNT15 0.55391 1.180477 1.091646 1.71E-20 5.12E-19
DZIP1 0.722488 1.471597 1.026337 6.82E-32 3.34E-29
SFRP1 0.865824 2.722524 1.652799 4.63E-27 5.22E-25
RNF150 0.664301 1.891081 1.509302 6.74E-32 3.34E-29
CARTPT 0.195199 1.260119 2.690539 5.93E-17 1.16E-15
OGN 1.47979 3.743939 1.339165 5.75E-25 4.01E-23
TMEM130 0.415107 0.882863 1.088704 5.63E-16 9.74E-15
ROR2 1.258766 2.536243 1.010683 1.79E-29 4.52E-27
REEP1 0.809497 1.683643 1.056489 6.16E-17 1.20E-15
TMEM100 0.458244 1.459754 1.671538 3.07E-24 1.78E-22
MMRN1 0.744464 1.644037 1.142969 1.61E-19 4.19E-18
PCP4L1 0.523587 1.341539 1.357388 4.90E-13 5.82E-12
PCOLCE2 0.375635 0.802727 1.095576 2.84E-14 3.97E-13
LGI2 0.942364 1.88802 1.002518 1.05E-20 3.24E-19
CPED1 1.32871 2.680547 1.012501 1.44E-22 6.08E-21
TNN 0.348055 0.87618 1.331911 6.85E-17 1.33E-15
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