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Abstract: Background: Prior reports have indicated that the abnormal expression of small nuclear ribonucleopro-
teins (snRNPs) genes is related to malignant tumors. However, in hepatocellular carcinoma (HCC), the precise role of 
snRNPs is not well understood. Therefore, the purpose of this study was to evaluate the prognostic roles of SNRPB/
D1/D2/D3/E/F/G and their correlation to immune infiltration in HCC. Methods: The study was carried out via the fol-
lowing databases, software, and experimental validation: ONCOMINE, GEPIA2, UALCAN, The Cancer Genome Atlas, 
Gene Expression Omnibus, ArrayExpress, Kaplan-Meier plotter, cBioPortal, STRING, DAVID 6.8, TIMER, Cytoscape 
software, and immunohistochemistry experiments. Results: Overexpressed SNRPB/D1/D2/D3/E/F/G proteins 
were found in HCC tissues. The transcription levels of 7 snRNPs genes were related to the TP53 mutation and tu-
mor grades. SNRPB/D1/D2/D3/F/G expression was significantly correlated with cancer staging, whereas SNRPE 
was not. Moreover, Kaplan-Meier survival analysis showed that upregulation of SNRPB/D1/D2/E/G was relevant 
to worse OS in HCC patients, especially in patients with alcohol consumption and those without viral hepatitis. 
Multivariate Cox regression analysis indicated that expression of SNRPB/D1/D3/E/F/G were independent prog-
nostic factors for unfavorable OS in HCC. In addition, a high mutation rate of snRNPs genes (44%) was also found 
in HCC. The mRNA expression levels of snRNPs were meaningfully and positively related to six types of infiltrating 
immune cells (B cells, CD4+ T cells, CD8+ T cells, neutrophil, macrophage, and dendritic cells). Also, SNRPB/D1/G 
genes were significantly associated with molecular markers of various immune cells in HCC. Conclusions: SNRPB/
D1/D3/E/F/G are potential prognostic biomarkers for a short OS in HCC, and SNRPB/D1/G were novel immune 
therapy targets in HCC patients.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
world’s most fatal malignant tumors, which 
often occurs in patients with chronic hepatitis, 
liver cirrhosis and dysplastic nodules. Most 
patients are diagnosed in the middle and late 
stages because the progression of HCC is sub-
tle at first. Although the treatments of HCC are 
continuously evolving and improving, including 
earlier detection and more effective therapy 
strategies (particularly, the emergence of 
immune checkpoint blockade, multi-kinase 
inhibitors, and antiangiogenics) over the past 

few decades, the 5-year survival rate is still only 
about 12% [1, 2]. All in all, the current focus of 
liver cancer research is to study the invasion 
and metastasis of HCC and its interaction with 
microenvironment and organism at the molecu-
lar level in order to find new prognostic biomark-
ers and therapeutic targets.

The spliceosome is a ribonucleoprotein (RNP) 
with a complex ring-shaped structure, which 
mainly consists of small nuclear ribonucleopro-
teins (snRNPs) encoded by seven SNRP genes 
(SNRPB, SNRPD1, SNRPD2, SNRPD3, SNRPE, 
SNRPF, and SNRPG) [3]. It is mainly responsible 
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for splicing the pre-RNA into mRNA [3]. Accurate 
splicing is essential to ensure normal cellular 
function like cell proliferation, apoptosis, migra-
tion, and invasion. Furthermore, previous re- 
search has proved that the aberrant expression 
of snRNPs genes are related to some human 
cancers, including cervical cancer [4], non-
small-cell lung cancer (NSCLC) [5], glioblasto-
ma [6], breast cancer [7], and hepatocellular 
carcinoma [8].

The human liver is a central immunological 
organ containing various immune cell subtypes, 
which play an essential role in preventing the 
invasion of microorganisms and tumor progres-
sion [9, 10]. A report from Marta Garnelo et al. 
[11] indicated that tumor-infiltrating T cells 
were correlated with better prognosis in HCC 
patients while associating with B cell infiltra-
tion. The reduction in CD8+ T cell numbers was 
related to short survival in HCC patients [12]. 
Moreover, CD74+ macrophages [13] and den-
dritic cells (DCs) [14] predicted favorable prog-
nosis in HCC patients. Currently, a few studies 
have revealed spliceosomes are tightly associ-
ated with the immune microenvironment [15-
17]. For instance, the deletion of some genes 
encoding splicing factors can cause severe 
defects in thymocyte development, thus a sig-
nificant reduction of T cells [17].

Up to now, there have been limited studies 
investigating the connections between the 
abnormal expression of snRNPs genes and 
HCC. For instance, the report from Zhan Y T et 
al. [8] showed that overexpression of SNRPB 
facilitated HCC cell proliferation via indirect 
activation of the Akt pathway. In the study 
directed by Jia D et al., SNRPE was proved to  
be a putative oncogene in HCC through various 
in vitro and in vivo experiments [18]. However, 
the precise functional roles of snRNPs in HCC 
are yet unclear. The aim of our study was to 
present the expressions and mutations of 
SNRPB/D1/D2/D3/E/F/G and their associa-
tions with infiltrated immune cells in HCC via 
integrated bioinformatic analysis and to find 
promising candidate biomarkers which may be 
helpful for the treatment of HCC patients.

Materials and methods

ONCOMINE

ONCOMINE (http://www.oncomine.org) is a 
large database of tumor gene chips and a pow-

erful data-mining platform [19]. In this paper, 
we obtained the data of snRNPs mRNA expres-
sion in various cancers from the Oncomine 
database and used Student’s t test to analyze 
them. We defined the following threshold: 
P-value of 0.001, fold change of 1.5, gene rank 
of 10%, and data type of mRNA.

The cancer genome atlas (TCGA)

The Cancer Genome Atlas (https://portal.gdc.
cancer.gov) is a freely available public platform 
containing rich cancer data [20]. In this study, 
the RNA-sequencing data of 374 HCC patients 
were obtained from TCGA, and then, we applied 
a Cox regression analysis to investigate the 
relationship between the expression levels of 
snRNPs and the overall survival (OS) of HCC 
patients further. A parameter of P<0.1 was 
included in that analysis, and P-value <0.05 
was deemed significant.

Gene expression omnibus (GEO)

Gene Expression Omnibus (https://www.ncbi.
nlm.nih.gov/geo/) is a free public database that 
contains sequencing data for over 4,636,000 
samples [21]. In this study, the microarray data 
of 257 samples were obtained from the GEO 
database (GSE102079) to compare snRNPs 
expression levels in HCC and normal samples.

GEPIA 2

GEPIA 2 (http://gepia2.cancer-pku.cn/#index) 
is a powerful visualization website [22]. In this 
paper, we compared the transcription levels of 
snRNPs between HCC and normal samples  
and explored the correlation between snRNPs 
gene expression and tumor staging via the 
“Expression DIY” module of GEPIA 2. Moreover, 
the “Similar Genes Detection” module was 
used to find 50 neighboring genes related to 
snRNPs genes.

ArrayExpress

ArrayExpress (https://www.ebi.ac.uk/arrayex-
press) is a large and comprehensive databa- 
se, which includes 74,785 high-throughput 
functional genomics experiments data and 
2,545,580 assays to date [23]. In this paper, 
we explored the transcription levels of snRNPs 
genes by different genomic experiments in the 
Expression Atlas. Log_2 fold change ≥1, P- 
value <0.05 was deemed significant.
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UALCAN

UALCAN (http://ualcan.path.uab.edu) is an in- 
teractive online website based on the TCGA 
and the CPTAC databases [24]. In our study, the 
transcription levels of snRNPs in tumor grades 
and TP53 mutation of HCC patients were ana-
lyzed with the liver hepatocellular carcinoma 
dataset. P-value <0.05 was considered statisti-
cally meaningful.

Kaplan-Meier plotter

Kaplan-Meier plotter (http://kmplot.com/) is a 
friendly survival analysis website [25, 26]. In 
this study, the survival curves (OS, relapse-free 
survival (RFS), progression-free survival (PFS), 
and disease-specific survival (DDS) of snRNP 
expression in HCC were shown via Kaplan-
Meier plotter. Meanwhile, we also explored if 
the upregulation of snRNPs genes had any 
additional impacts on the OS of HCC patients 
with alcohol consumption and viral hepatitis. 
P-value <0.05 was considered statistically 
meaningful.

CBioPortal

CBioPortal (http://www.cbioportal.org) is a ro- 
bust online website based on TCGA data [27, 
28]. In our study, the liver hepatocellular carci-
noma dataset (TCGA, Firehose Legacy) was 
analyzed and visualized as the map of gene 
mutations, expression heatmap, and co-ex- 
pression map of snRNPs using the CBioPorta 
database. The z-Score threshold was set to ± 
1.8.

STRING

STRING (https://string-db.org/) is a convenient 
online tool to visualize protein interactions [29]. 
In this paper, the tool of STRING was used to 
construct the interaction networks between 
the 7 snRNPs proteins and their 50 frequently 
neighboring genes.

DAVID 6.8

DAVID 6.8 (https://david.ncifcrf.gov/) is a pow-
erful online tool for gene functional classifica-
tion [30]. This study performed gene ontology 
(GO) enrichment analysis and KEGG pathway 
enrichment analysis via DAVID 6.8. The GO 
enrichment analysis consisted of three parts: 

biological processes (BP), cellular components 
(CC), and molecular functions (MF).

Cytoscape

Cytoscape (https://cytoscape.org/) is a soft-
ware focused on open-source web visualization 
and analysis [31]. In our study, the “CytoHubba” 
plugin was used to identify hub genes between 
the 7 snRNPs genes and their 50 frequently 
neighboring genes.

TIMER

TIMER (https://cistrome.shinyapps.io/timer/) is 
a web-based tool for analyzing immune cell 
infiltration in different tumor tissues [32, 33]. 
Our study explored the association between 
the 7 snRNPs genes and six types of immune 
cells and molecular markers of various immune 
cells in HCC via the “Gene” module.

Immunohistochemistry (IHC)

A total of 24 formalin-fixed and paraffin-embed-
ded HCC tissues and 24 normal liver tissues 
were used in the IHC analysis. Firstly, 3-mm 
tumor sections were incubated with com- 
mercial rabbit polyclonal antibodies against 
SNRPB, SNRPD1, SNRPD2, SNRPD3, SNRPE, 
SNRPF, and SNRPG (SNRPB/D2/E/F from Bio-
Swamp Life Science Lab; SNRPD1/D3/G from 
Elabscience Biotechnology) at 1/50 dilution 
overnight at 4°C. Then, the sections were con-
jugated with horse-radish peroxidase (HRP) 
antibody (Zhongshan Goldenbridge Biotech- 
nology, CO., Ltd.) at room temperature for 10 
minutes. All sections were sequentially treated 
with a biotinylated anti-rabbit immunoglobulin 
(Pan-Specific antibody) for 20 minutes at  
37°C, then covered by 3, 3-diaminobenzidine 
(DAB), and slides were mounted with Vec- 
tashield mounting medium. Subsequently, all 
fields were observed under light microscopy. 
Control experiments without primary antibod-
ies demonstrated that the signals observed 
were specific. All specimens were scored inde-
pendently by two experienced pathologists. 
The staining index was calculated as follows: 
staining index = score of staining intensity + 
score of stained tumor cells. The intensity of 
staining was scored according to: 0 (no stain-
ing, -); 1 (weak staining, light yellow, +); 2 (mod-
erate staining, yellow brown, ++); 3 (strong 
staining, brown, +++). Tumor cell proportion 
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was scored as follows: 0 (no positive tumor 
cells); 1 (<25% positive tumor cells); 2 (26%-
49% positive tumor cells); 3 (50%-74% positive 
tumor cells); 4 (≥75% positive tumor cells). Each 
sample was graded by the staining index as 0 
(-), 1-2 (+), 3-5 (++), and 6-8 (+++).

Statistical analysis methods

The statistical methods of the ANOVA in the 
GEPIA 2 database, the logarithmic rank test in 
Kaplan-Meier survival analysis, the Pearson 
coefficient of co-expression analysis, and the 
Cox proportional risk models in univariate and 
multivariate analyses, were used in statistical 
analysis. The TCGA HCC data were analyzed 
using the XIAN TAO platform (www.xiantao.love) 
based on R software package “survival”. The 
GEO data were visualized via the platform of 
Assistant for Clinical Bioinformatics (https://
www.aclbi.com) based on R software package 
“ggplot2”. The data of staining index were per-
formed in GraphPad Prism (v9.0.2) (San Diego, 

CA, United States) and presented as the mean 
± SD. Wilcox rank sum test was used for statis-
tical analyses between the data pairs where 
appropriate. P-value <0.05 was considered sta-
tistically meaningful.

Results

Characteristics of the research

This study covered many aspects, including dif-
ferential expression analysis, association with 
clinicopathological parameters, survival analy-
sis, gene mutations, co-expression, functional 
enrichment analysis, and correlation with im- 
munity, revealing the roles of SNRPB/D1/D2/
D3/E/F/G in HCC. The present study flow chart 
was shown in Figure 1.

The expression levels of snRNPs were signifi-
cantly increased in HCC patients

Firstly, the Oncomine database (http://www.
oncomine.org) was used to compare the mRNA 

Figure 1. The present study flow chart.
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levels of snRNPs in HCC and non-cancer sam-
ples. From Figure 2 and Table 1, we could see 
that the mRNA levels of SNRPB/D1/D2/D3/E/
F/G were meaningfully higher in HCC than in 
non-cancer tissues. In the meantime, we used 
the GEPIA2 database (http://gepia2.cancer-
pku.cn/#index) (N=160; T=369) to investigate 
the mRNA expressions of snRNPs in HCC and 
normal liver samples further. The results were 
also consistent with the mRNA levels of sn- 
RNPs which were upregulated in HCC com-
pared to normal liver tissues (Figure 3A, 3B). In 
addition, a pairwise boxplot (N=50; T=50) also 
confirmed that mRNA expression of snRNPs 

were overexpressed in HCC (Figure 4A). 
Moreover, the above results were validated via 
the ArrayExpress database (https://www.ebi.
ac.uk/arrayexpress) and the GEO database 
(N=14; T=243). The transcription levels of 
snRNPs genes also significantly increased in 
HCC (Table 2; Figure S1).

Lastly, 24 paired HCC tissues and normal tis-
sue samples were utilized to perform IHC 
experiments to further verify the results of bio-
informatics analysis. The staining index of 24 
patients was summarized in Table S1. The 
results of IHC also indicated that snRNPs pro-
teins were more highly expressed in HCC tis-

Figure 2. The transcription levels of snRNPs genes in different human cancers (ONCOMINE).
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sues than in normal tissues (Figure 5A, 5B;  
all P<0.001), which was consistent with the 
results of bioinformatics analysis on RNA 
levels.

The expression of snRNPs genes were related 
to clinicopathological parameters of HCC pa-
tients

We explored the correlations between the 
expression of snRNPs genes and TP53 muta-
tions, tumor grades, and cancer staging via the 
UALCAN database (http://ualcan.path.uab.edu) 
and the GEPIA2 database. From Figure 4B, we 
could see that the mRNA expression of snRNPs 
in HCC with TP53 mutation were higher than 
those without TP53 mutation (Figure 4B). Also, 
the mRNA expression of snRNPs was mean- 
ingfully relevant to tumor grades. The patients 
in grade 4 expressed the highest mRNA levels 
of SNRPB/D1/D2/D3/F/G, while the highest 
SNRPE expression was found in grade 3 (Figure 
6A). Similarly, as can be seen in Figure 6B, the 
mRNA levels of SNRPB/D1/D2/D3/F/G varied 
meaningfully across different stages (P<0.05), 
whereas SNRPE did not (P>0.05).

The upregulation of snRNPs genes is related to 
poor survival outcomes in HCC patients

Using Kaplan-Meier Plotter (http://kmplot.
com/), we assessed the prognostic values of 
snRNPs in HCC patients. From Figure 7, we 
could see that high expression of SNRPB/
D1/E/G were associated with short OS (P< 

0.05). In addition, high mRNA expression of 
SNRPB/D1/D2/G were correlated with poor 
RFS and PFS (P<0.05). However, highly ex- 
pressed SNRPD3 and SNRPF were not signifi-
cantly related to the survival of HCC patients 
(all P>0.05).

As is well known, chronic hepatitis virus and 
alcohol abuse are common risk factors leading 
to HCC [37]. So, we explored if the up-regula-
tion of snRNPs genes had any additional 
impacts on the OS of HCC patients. From Fi- 
gure 8, we could see that the up-regulation of 
SNRPD1 (HR: 1.96 VS. 2.13), SNRPD2 (HR: 1.5 
VS. 1.96), SNRPE (HR: 1.55 VS. 3.08), and 
SNRPG (HR: 1.68 VS. 2.17) had meaningfully 
adverse effects on the OS of HCC patients  
with alcohol consumption (Figure 8B, 8C, 8E 
and 8G). Furthermore, the up-regulation of 
SNRPB (HR: 2.16 VS. 1.71), SNRPD1 (HR: 2.23 
VS. 1.76), SNRPD2 (HR: 1.83 VS. 1.61), SNRPE 
(HR: 2.29 VS. 1.91), SNRPF (HR: 1.88 VS. 0.65), 
and SNRPG (HR: 2.24 VS. 1.51) had significant 
negative impacts on the OS of HCC patients 
without viral hepatitis (Figure 8A-C, 8E-G). 
However, these adverse impacts were not 
meaningfully related to the OS of HCC patients 
with viral hepatitis. Therefore, more research is 
needed to interpret potential mechanisms of 
the above-described events.

In a subsequent study, we attempted to evalu-
ate the independent prognostic value of 
snRNPs genes for OS of HCC patients. The 

Table 1. The mRNA levels of snRNPs were significantly higher in HCC than in normal liver tissues 
(ONCOMINE)

Types of HCC VS normal liver tissue Fold Change P-value T-test Ref
SNRPB Hepatocellular Carcinoma 2.315 4.23E-75 22.843 Roessler Liver 2 [34]

Hepatocellular Carcinoma 1.696 7.99E-16 8.768 Chen Liver [35]
Hepatocellular Carcinoma 2.338 1.26E-6 5.744 Roessler Liver [34]

SNRPD1 Hepatocellular Carcinoma 3.270 2.55E-97 27.765 Roessler Liver 2 [34]
Hepatocellular Carcinoma 2.880 7.91E-9 7.287 Roessler Liver [34]

SNRPD2 Hepatocellular Carcinoma 2.160 4.05E-82 24.017 Roessler Liver 2 [34]
Hepatocellular Carcinoma 2.052 5.00E-9 7.882 Roessler Liver 2 [34]

SNRPD3 Hepatocellular Carcinoma 1.532 6.29E-40 14.617 Roessler Liver 2 [34]
SNRPE Hepatocellular Carcinoma 2.971 1.18E-103 28.959 Roessler Liver 2 [34]

Hepatocellular Carcinoma 2.046 1.10E-25 12.246 Chen Liver [35]
Hepatocellular Carcinoma 2.344 2.12E-7 6.554 Roessler Liver [34]
Hepatocellular Carcinoma 1.906 1.75E-4 4.474 Wurmbach Liver [36]

SNRPF Hepatocellular Carcinoma 1.675 5.18E-50 17.473 Roessler Liver 2 [34]
SNRPG Hepatocellular Carcinoma 1.750 1.32E-69 21.226 Roessler Liver 2 [34]

Hepatocellular Carcinoma 1.552 4.36E-6 5.191 Roessler Liver 2 [34]
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Figure 3. The transcription lev-
els of snRNPs genes in HCC 
samples and normal liver sam-
ples (GEPIA 2). (A. Scatter Dia-
gram; B. Box Plot).
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Figure 4. A comparison of snRNPs 
expression levels between HCC and 
normal samples and association with 
TP53 mutation. A. Pairwise boxplots 
of 50 samples between HCC and 
normal tissues (XIAN TAO platform). 
B. The association between snRNPs 
expression levels and TP53 mutation 
(UALCAN). *P<0.05, ***P<0.001.

RNA-sequencing data and clinical information 
(Table S2) of 374 HCC patients were obtained 

from TCGA for Cox regression analysis. Uni- 
variate Cox regression analysis indicated that  
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T stage, pathologic stage, SNRPB, SNRPD1, 
SNRPD2, SNRPD3, SNRPE, SNRPF, and SNRPG 
were all meaningfully correlated with short OS 
of HCC patients (all P<0.05; Figure S2). In mul-
tivariate Cox regression analysis, SNRPB, SN- 
RPD1, SNRPD3, SNRPE, SNRPF, and SNRPG 
were observed to have significant associations 
with poor OS of HCC patients (all P<0.05;  
Figure S3). Taken together, SNRPB/D1/D3/E/
F/G were considered as independent prognos-
tic factors for unfavorable OS in HCC.

Gene mutations, co-expression, and potential 
drug targets of snRNPs genes in HCC patients

Using the cBioPortal database (http://www.
cbioportal.org/), we explored the mutation rate 
and co-expression of snRNPs. As shown in 
Figure 9A and B, 44% (160/360) of HCC 
patients were found to have more than one 
gene mutation. SNRPB, SNRPD1, SNRPD2, 
SNRPD3, SNRPE, SNRPF, and SNRPG were 
altered in 14%, 10%, 9%, 10%, 29%, 12%, and 
12% of the 360 HCC patients (Figure 9A). 
Likewise, the Expression Heatmap also dis-
played the degree of snRNPs mutations (Figure 
9B). SNRPE had the highest mutation rate 
among snRNPs in HCC. In the meantime, we 
performed co-expression analysis for snRNPs. 
Significant and positive correlations were ob- 
served among snRNPs in Figure 9C, including 
SNRPB with SNRPD1/D2/D3/E/F/G; SNRP- 
D1 with SNRPB/D2/D3/E/F/G; SNRPD3 with 
SNRPB/D1/D2/E/F/G; SNRPE with SNRPB/
D1/D2/D3/F/G; SNRPF with SNRPB/D1/D2/
D3/E/G; and SNRPG with SNRPB/D1/D2/
D3/E/F (Figure 9C). Furthermore, we used  
the COSMIC database (https://cancer.sanger.
ac.uk/cosmic) to investigate the 3D structure 
of the seven snRNPs proteins. Blue groups indi-

cate predicted binding sites that are predicted 
to be “drug targets” (Figure S4).

Constructed protein-protein interaction (PPI) 
network and performed functional enrichment 
analysis of snRNPs in HCC patients

In order to explore the possible snRNPs protein-
mediated biological pathways in hepatocellular 
carcinoma, we constructed a protein interac-
tion network based on the 7 snRNPs proteins 
(Figure 9D) and another for snRNPs proteins 
and their 50 frequently neighboring proteins 
(Figure 9E) via the STRING database (https://
string-db.org/). Meanwhile, we used Cytoscape 
software (https://cytoscape.org/) to find out 
these hub genes related to snRNPs protein-
mediated biological pathways. As was shown in 
Figure 9F, eight hub genes, including CDCA3, 
PTTG1, NXT1, CCNB1, NOP56, CDC45, TRIM28, 
and H2AFX, were tightly correlated with the 
alterations of snRNPs.

Afterwards, snRNPs genes and their 50 neigh-
boring genes were subjected to GO and KEGG 
functional enrichment analysis in HCC via the 
tool of DAVID 6.8 (https://david.ncifcrf.gov). 
The results were shown in Figure 10 and Table 
S3. Biological processes (BP) included RNA 
splicing; RNA splicing, via transesterification 
reactions; mRNA splicing, via spliceosome; 
RNA splicing, via transesterification reactions 
with bulged adenosine as nucleophile; and 
mitotic nuclear division (Figure 10A). Cellular 
components (CC) suggested that SNRP genes 
existed mainly in spliceosomal complex; cata-
lytic step 2 spliceosome; spliceosome snRNP 
complex; U2-type catalytic step 2 spliceosome; 
and U12-type spliceosome complex (Figure 
10A). Molecular function (MF) indicated that 
SNRP genes were related to the structural con-
stituents of ribonucleoprotein complex binding, 

Table 2. The transcription levels of snRNPs genes were meaningfully higher in HCC than in normal 
tissue (ArrayExpress)
Gene Experiment accession Comparison log2 fold change Adjusted P-value
SNRPB E-GEOD-33294 Hepatocellular Carcinoma vs. Normal Tissue 1.8 7.47888E-05
SNRPD1 E-GEOD-33294 Hepatocellular Carcinoma vs. Normal Tissue 1.6 0.000186
SNRPD2 E-GEOD-55048 Hepatocellular Carcinoma vs. Normal Tissue 1.1 0.019011
SNRPD3 E-MTAB-9712 Hepatocellular Carcinoma vs. Normal Tissue 1.3 2.15E-213
SNRPE E-GEOD-33294 Hepatocellular Carcinoma vs. Normal Tissue 1.8 0.001404
SNRPF E-MTAB-9712 Hepatocellular Carcinoma vs. Normal Tissue 1.3 4.97E-119
SNRPG E-MTAB-9712 Hepatocellular Carcinoma vs. Normal Tissue 1.5 3.38E-147
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Figure 5. The protein expression levels of snRNPs in HCC (IHC). A. The IHC images of snRNPs expression in HCC 
tissues and normal tissues. B. Staining index of snRNPs expression in HCC tissues and normal tissues. N: normal, 
T: Tumor; ***P<0.001.

DNA helicase activity, and cyclin-dependent 
protein serine/threonine kinase regulator activ-
ity (Figure 10A). Moreover, KEGG pathway 

enrichment analysis suggested that spliceo-
some, cell cycle, and human T-cell leukaemia 
virus infection were significantly associated 
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Figure 6. The association between snRNPs expression levels and clinicopathological parameters of HCC patients. A. 
Correlations between snRNPs expression levels and tumor grades in HCC (UALCAN). B. Association between snRNPs 
expression levels and cancer staging (GEPIA2). *P<0.05, **P<0.01, ***P<0.001.
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Figure 7. The Kaplan-Meier survival curves were used to evaluate the survival of HCC patients with snRNPs expres-
sions (Kaplan-Meier Plotter).
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Figure 8. Up-regulated snRNPs genes are adverse survival factors in alcohol-consuming HCC patients without viral 
hepatitis. 
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with the alterations of snRNPs (Figure 10B). 
The complex process of mRNA/RNA splicing 
was shown in Figure S5.

The snRNPs expression was related to im-
mune infiltration in HCC patients

Lastly, we investigated the relationships 
between 7 snRNPs proteins and immune infil-
tration via the TIMER database (https://cis-
trome.shinyapps.io/timer/). Seen from Figure 
11 and Table 3. SNRPB expression was posi-
tively relevant to these infiltrated cells, includ-
ing B cells (Cor=0.435, P=2.50E-17), CD8+ T 
cells (Cor=0.3, P=1.61E-8), CD4+ T cells 
(Cor=0.265, P=6.12E-7), macrophage (Cor= 
0.383, P=2.26E-13), neutrophil (Cor=0.244, 
P=4.60E-6), and dendritic cells (Cor=0.386, 

P=1.71E-13) (Figure 11A). SNRPD1 expression 
was positively related to the infiltration of B 
cells (Cor=0.484, P=1.28E-21), CD8+ T cells 
(Cor=0.394, P=3.63E-14), CD4+ T cells (Cor= 
0.298, P=1.65E-8), macrophage (Cor=0.457, 
P=5.67E-19), neutrophil (Cor=0.346, P=3.96E- 
11), and dendritic cells (Cor=0.484, P=2.46E- 
21) (Figure 11B). SNRPD2 expression was  
positively correlated with these infiltrated  
cells, including B cells (Cor=0.308, P=5.13E- 
09), CD8+ T cells (Cor=0.299, P=1.63E-8), mac-
rophage (Cor=0.279, P=1.63E-7), and den- 
dritic cells (Cor=0.304, P=1.06E-8) (Figure 
11C). SNRPD3 expression was positively rele-
vant to the infiltration of B cells (Cor=0.256, 
P=1.66E-6), macrophage (Cor=0.273, P= 
3.04E-7) and dendritic cells (Cor=0.247, 
P=4.10E-6) (Figure 11D). SNRPE expression 

Figure 9. Gene mutations, co-expression, and PPI network for snRNPs in HCC (cBioPortal, STRING, Cytoscape). A, 
B. Gene mutations and expression heatmap of snRNPs in HCC patients (cBioPortal). C. The co-expression network 
for snRNPs (cBioPortal). D. PPI network based on the seven snRNPs proteins (STRING). E. PPI network based on 
snRNPs proteins and their 50 neighboring proteins (STRING). F. Eight hub genes, including CDCA3, PTTG1, NXT1, 
CCNB1, NOP56, CDC45, TRIM28, and H2AFX, are shown in the PPI network (Cytoscape).
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was positively associated with these infiltrat- 
ed cells, including B cells (Cor=0.31, P= 
4.29E-9), CD8+ T cells (Cor=0.218, P=4.71E-5), 
macrophage (Cor=0.274, P=2.83E-7), and  
dendritic cells (Cor=0.25, P=3.08E-6) (Figure 
11E). SNRPF expression was positively related 
to the infiltration of B cells (Cor=0.336, P= 
1.58E-10), CD8+ T cells (Cor=0.306, P=7.83E- 
9), macrophage (Cor=0.309, P=5.77E-9), and 
dendritic cells (Cor=0.288, P=6.28E-8) (Figure 
11F). SNRPG expression was positively corre-
lated with the infiltration of B cells (Cor=0.385, 
P=1.26E-13), CD8+ T cells (Cor=0.334, P= 
2.27E-10), macrophage (Cor=0.396, P=3.22E- 
14), neutrophil (Cor=0.286, P=6.57E-8), and 
dendritic cells (Cor=0.369, P=2.08E-12) (Figure 
11G).

Furthermore, we also explored the linkages 
between snRNPs genes and molecular mark- 
ers of diverse immune cells using the tool of 
TIMER. The results indicated that SNRPB/D1/G 
genes were meaningfully related to molecular 
markers of various immune cells in HCC, in- 
cluding CD19, CD21, and CD70 of B cells;  
CD8A and CD8B of CD8+ T cells; CD183, 
CD185, and CD278 of Tfh cells; CD212, CD- 

191 and CD195 of Th1 cells; CD360 and 
CD196 of Th17 cells; TGFB1 of Treg cells; 
CXCR4 of Th2 cells; CD163 of TAMs; CD68 and 
CD11B of macrophage; CD1C, NRP1, and ITGAX 
of dendritic cells (Table 3). In a nutshell, the 
above findings indicated that snRNPs expres-
sion is tightly linked to the immune microenvi-
ronment in different ways in HCC patients.

Discussion

HCC is the second leading cause of death from 
cancer with no satisfactory cure by current 
therapy approaches [38]. Thus it has significant 
implications for finding novel prognostic bio-
markers of HCC and developing effective treat-
ment strategies. Previous studies have shown 
that several snRNPs genes are related to some 
human cancers [4-8]. However, the specific 
roles of snRNPs in HCC have not yet been fully 
elucidated. In the present study, we compre-
hensively explored the mRNA expression and 
prognostic values of SNRPB/D1/D2/D3/E/F/G 
and their associations with immune infiltration 
in HCC patients. We hope, of course, that our 
research results can be of useful help in the 
diagnosis and treatment of HCC.

Figure 10. Functional and enrichment analysis for snRNPs and their 50 neighboring genes in HCC (DAVID 6.8). A. GO 
enrichment analysis for snRNPs genes and their 50 neighboring genes (DAVID 6.8). B. KEGG pathway enrichment 
analysis for snRNPs genes and their 50 neighboring genes (DAVID 6.8).
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SNRPB is one of the most studied snRNPs in 
human cancers. For instance, Zhu L et al. [4] 
indicated that down-regulated SNRPB inhibited 
cells proliferation and tumor growth of cervical 

carcinoma via in vivo and in vitro experiments. 
A report from Nianli L et al. [5] showed SNRPB 
upregulation contributed to non-small cell lung 
cancer tumorigenesis by regulating RAB26 

Figure 11. The association between snRNPs expressions and six types of infiltrated immune cells (TIMER).
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expression. A mechanistic study also reported 
that overexpressed SNRPB played a carcino-
genic role in the progression of HCC and was 
mediated by c-Myc [39]. Likewise, in our study, 
the expression level of SNRPB was found to be 
upregulated in HCC compared to non-cancer 
tissues. In addition, SNRPB expression was 
meaningfully correlated with TP53 mutation, 
tumor grades, and cancer staging. Highly ex- 
pressed SNRPB was associated with poor OS  
in HCC patients, especially in patients without 
viral hepatitis. Multivariate Cox regression anal-
ysis showed that SNRPB was an independent 
prognostic factor for poor OS of HCC patients. 
Given the above results, our study revealed 
that SNRPB promoted oncogenesis in HCC.

In most previous studies, SNRPD1 (smD1) has 
been generally considered to be related to sys-
temic lupus erythematosus (SLE) [40, 41]. 
However, only a small number of studies have 
reported the role of SNRPD1 in human cancers. 
For instance, research from Bao M et al. [42] 
indicated that lower SNRPD1 expression was 
associated with poor survival in patients with 
ovarian cancer. Dai X et al. [7] found that 
SNRPD1 upregulation contributed to breast 
cancer cell proliferation. In this study, it was 
confirmed that SNRPD1 expression was signifi-

cantly increased in HCC compared to non-can-
cer tissues. Furthermore, SNRPD1 expression 
was relevant to TP53 mutation, tumor grades, 
and cancer staging. SNRPD1 overexpression 
was correlated with unfavorable OS in HCC 
patients, especially in patients with alcohol 
consumption and those without viral hepatitis. 
Multivariate Cox regression analysis indicated 
that SNRPD1 was an independent prognostic 
factor for poorer OS of HCC patients. Taken 
together, all of the above findings agreed on the 
carcinogenic effect of SNRPD1 in HCC.

SNRPD2 is found closely associated with sev-
eral cancers, including triple-negative breast 
cancer [43] and hepatocellular carcinoma [44]. 
Interestingly, A report from Tao Y et al. [45] 
showed that SNRPD2 was predicted as a pa- 
thogenic gene in Alzheimer’s disease (AD) by a 
complex analysis of public databases. However, 
the specific role SNRPD2 plays in HCC is 
unknown. In this study, SNRPD2 was found to 
be overexpressed in HCC. Additionally, high 
SNRPD2 expression was correlated with TP53 
mutation, tumor grades, and cancer staging.

SNRPD3 (smD3), like SNRPD1, is essential in 
diagnosing SLE [46, 47]. Moreover, several 
studies have shown that SNRPD3 expression is 

Table 3. The correlations between SNRPB/D1/D2/D3/E/F/G and gene markers of immune cells

Types Gene 
marker

SNRPB SNRPD1 SNRPD2 SNRPD3 SNRPE SNRPF SNRPG
Cor P Cor P Cor P Cor P Cor P Cor P Cor P

B cells CD19 0.16 ** 0.15 * 0.031 0.56 0.11 * 0.1 * 0.09 0.1 0.11 *

CD21 0.11 * 0.12 * -0.01 0.97 0.04 0.44 0.1 0.05 0.04 0.79 0.06 *

CD70 0.33 *** 0.21 *** 0.055 0.29 0.14 ** 0.052 0.32 0.17 *** 0.3 ***

CD8+ T cells CD8A 0.27 *** 0.22 *** 0.12 0.82 0.098 0.06 0.024 0.65 0.02 * 0.26 ***

CD8B 0.34 *** 0.29 *** 0.055 0.29 0.16 ** 0.12 * 0.22 *** 0.3 ***

Tfh CD183 0.28 *** 0.22 *** 0.006 0.91 0.11 * 0.066 0.21 0.12 * 0.23 **

CD185 0.4 *** 0.4 *** 0.16 ** 0.26 *** 0.34 *** 0.41 *** 0.45 ***

CD278 0.22 *** 0.23 *** 0.001 0.99 0.073 0.16 0.062 0.23 0.4 0.05 0.22 ***

Th1 CD212 0.29 *** 0.27 *** 0.01 0.85 0.12 * 0.046 0.38 0.13 * 0.31 ***

CD191 0.16 ** 0.19 *** -0.18 0.56 0.065 0.22 -0.06 0.25 0.06 0.29 0.25 **

CD195 0.27 *** 0.27 *** 0.003 0.96 0.12 * 0.34 0.52 0.12 * 0.27 ***

Th17 CD360 0.29 *** 0.27 *** 0.025 0.64 0.12 * 0.8 0.12 0.11 * 0.31 ***

CD196 0.21 *** 0.28 *** -0.03 0.78 0.16 * 0.19 * 0.18 *** 0.17 ***

Treg TGFB1 0.38 *** 0.4 *** 0.13 ** 0.21 ** 0.19 ** 0.23 *** 0.35 ***

Th2 CXCR4 0.25 *** 0.28 *** 0.11 0.72 0.14 ** 0.11 * 0.14 ** 0.26 ***

TAM CD163 0.26 *** 0.23 *** 0.028 0.6 0.15 ** 0.018 0.73 0.15 ** 0.3 ***

Macrophage CD68 0.2 *** 0.23 *** -0.01 0.88 0.12 * 0.18 0.73 0.09 0.07 0.19 ***

CD11B 0.19 *** 0.24 *** 0.032 0.54 0.13 * 0.082 0.12 0.09 0.09 0.23 ***

Dendritic cells CD1C 0.13 * 0.2 *** -0.03 0.63 0.079 0.13 0.21 * 0.04 0.47 0.11 *

NRP1 0.24 *** 0.23 *** -0.01 0.96 0.2 *** 0.11 0.42 0.07 0.21 0.28 ***

ITGAX 0.17 *** 0.23 *** -0.02 0.75 0.08 0.14 -0.01 0.96 0.12 * 0.17 ***
TAM: tumor-associated macrophages. *P<0.05, **P<0.01, ***P<0.001.
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relevant to breast cancer and NSCLC [48, 49]. 
For instance, in the study directed by Sie- 
bring-van O E et al. [49], they investigated how 
silencing SNRPD3 was able to promote p53 
gene expression and kill NSCLC cells effective-
ly. However, until now, there have been almost 
no reports about the functional role of SNR- 
PD3 in HCC. In this study, higher SNRPD3 
expression was found in HCC. In addition, 
SNRPD3 expression was associated with TP53 
mutation, tumor grades, and cancer staging. 
Multivariate Cox regression analysis suggested 
a meaningful association between overex-
pressed SNRPD3 with shorter OS of HCC 
patients, which seemed congruent with the 
oncogenic character of SNRPD3.

The SNRPE protein is a core component of 
snRNPs, which has been reported to be related 
to some malignancies, including bladder can-
cer [50], non-small cell lung cancer [51], and 
hepatocellular carcinoma [18, 52]. As an exam-
ple, Jia D et al. [18] found that SNRPE was a 
putative oncogene of HCC by a genome-wide 
analysis. Similarly, in our report, higher SNRPE 
expression was found in HCC than in the non-
cancerous tissues. Furthermore, SNRPDE ex- 
pression was relevant to TP53 mutation and 
tumor grades. Overexpressed SNRPDE was an 
independent prognostic factor for poorer OS in 
HCC patients, especially in patients with alco-
hol consumption and without viral hepatitis. 
Taken together, our study revealed that SNRPE 
promoted oncogenesis in HCC.

SNRPF dysregulation has been found in some 
human cancers, including colorectal cancer 
[53], laryngeal squamous cell carcinoma cells 
[54], and clear cell renal cell carcinoma [55]. 
For example, a study from Chung F H et al.  
[53] indicated that SNRPF proved to be a novel 
biomarker of colorectal cancer via complex 
gene interaction networks. However, the role of 
SNRPF was rarely reported in HCC. In our study, 
highly expressed SNRPF was found in HCC 
compared to non-cancer tissues. Moreover, 
SNRPF expression was associated with TP53 
mutation, tumor grades, and cancer staging. 
Multivariate Cox regression analysis indicated 
that SNRPDF was an independent prognostic 
factor for poor OS of HCC patients. Given the 
above results, our study showed that SNRPF 
played a carcinogenic role in HCC.

SNRPG has been found to be tightly associated 
with several tumors [56-58]. For instance, a 

mechanistic study directed by Lan Y et al. [56] 
showed that downregulated SNRPG could 
inhabit glioblastoma cell proliferation by the 
p53 signaling pathway. In this paper, higher 
mRNA expression of SNRPDG was found in 
HCC. Furthermore, SNRPD1 expression was rel-
evant to TP53 mutation, tumor grades, and 
cancer staging. High mRNA expression of 
SNRPG was associated with poor OS in HCC 
patients, especially in patients with alcohol 
consumption and without viral hepatitis. 
Multivariate Cox regression analysis indicated 
that SNRPG was an independent prognostic 
factor for poor OS of HCC patients, suggesting 
that SNRPG played a carcinogenic role in HCC.

It is worth noting that in this study, we assessed 
the relationship between snRNPs expression in 
HCC and the levels of immune infiltration. 
snRNPs gene expression is meaningfully and 
positively related to the infiltration of B cells, 
CD4+ T cells, CD8+ T cells, neutrophils, macro-
phages, and dendritic cells. Meanwhile, we  
also found that snRNPs gene expression was 
significantly linked to molecular markers of 
multiple immune cells in HCC, such as CD19, 
CD21, and CD70 of B cells; CD8A and CD8B  
of CD8+ T cells; and so on. Furthermore, many 
previous studies also suggested that the spli-
ceosome was tightly associated with the 
immune microenvironment [15-17]. Neverthe- 
less, further studies are still needed to deve- 
lop immunosuppressants of individual snRNPs 
members and apply them to HCC patients.

In this study, there were a few limitations that 
need to be recognized. Firstly, the data used to 
evaluate the prognostic values of snRNPs in 
HCC patients were mainly derived from the 
TCGA database. Although the TCGA sequencing 
data was experimentally confirmed, additional 
large sample studies on HCC patients from 
other databases are necessary to validate our 
results. Secondly, the multivariate Cox regres-
sion analysis indicated that the expression of 
SNRPB/D1/D3/E/F/G was independently relat-
ed to shorter OS in HCC. Consequently, SNRPB/
D1/D3/E/F/G were considered as potential 
prognostic biomarkers for HCC, although over-
expressed SNRPD3/F were not meaningfully 
associated with poor OS in K-M survival analy-
sis. We speculated that these differences might 
be explained by the presence of confounding 
factors in this study. The K-M survival analysis 
describes only the relationship between the 
univariate and survival and ignores the effects 
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of other variables. However, in multivariate 
analysis, regression models are needed to 
adjust for potential confounders so that the 
actual effects of the independent variables can 
be found. Finally, further experiments in cells 
and animal models are needed to elucidate the 
underlying mechanisms of how snRNPs play 
roles in HCC.

Conclusion

In conclusion, our study indicated that SNRPB/
D1/D3/E/F/G were potential prognostic bio-
markers for short OS of HCC, and SNRPB/D1/G 
were novel immune therapy targets in HCC 
patients.
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Figure S1. mRNA expression levels of snRNPs in HCC samples and normal liver samples (GEO). *P<0.05, **P<0.01, ***P<0.001, ****P<0.0001.



The roles of snRNPs in hepatocellular carcinoma

2 

Table S1. Staining index of 24 patients with HCC in the IHC dataset

Sample Age Tissue Staining index 
(SNRPB)

Staining index 
(SNRPD1)

Staining index 
(SNRPD2)

Staining index 
(SNRPD3)

Staining index 
(SNRPE)

Staining index 
(SNRPF)

Staining index 
(SNRPG)

1a 35 Tumor 6 6 6 6 5 5 5

1b 35 Normal 0 1 1 0 0 0 1

2a 51 Tumor 5 5 7 6 6 6 6

2b 51 Normal 0 2 0 0 1 1 2

3a 54 Tumor 7 5 6 6 6 6 5

3b 54 Normal 2 2 1 1 2 1 2

4a 42 Tumor 6 6 7 5 7 7 6

4b 42 Normal 1 0 0 2 1 0 0

5a 80 Tumor 7 6 7 6 6 5 6

5b 80 Normal 1 1 1 0 1 0 1

6a 36 Tumor 7 6 5 6 7 6 6

6b 36 Normal 1 2 ND 0 1 0 1

7a 57 Tumor 6 5 6 7 7 7 5

7b 57 Normal 1 2 2 1 1 2 1

8a 68 Tumor 7 7 6 7 6 7 6

8b 68 Normal 0 2 0 0 0 1 2

9a 74 Tumor 7 7 7 7 7 6 5

9b 74 Normal 2 1 1 3 2 2 4

10a 55 Tumor 6 7 6 6 7 6 7

10b 55 Normal ND 1 0 5 5 5 6

11a 37 Tumor 7 6 7 7 7 6 2

11b 37 Normal 3 2 2 1 2 0 2

12a 34 Tumor 6 6 6 7 6 7 4

12b 34 Normal 1 2 1 2 2 0 1

13a 59 Tumor 6 5 7 6 7 6 7

13b 59 Normal 2 1 0 1 2 0 2

14a 49 Tumor 4 6 5 4 5 7 6

14b 49 Normal 2 3 1 ND 1 2 2

15a 47 Tumor 7 7 6 7 6 5 6

15b 47 Normal 1 1 1 2 ND 0 3

16a 44 Tumor 6 4 5 6 7 7 7

16b 44 Normal ND 3 0 0 ND 0 2

17a 43 Tumor 7 6 ND 5 6 5 1

17b 43 Normal 0 1 4 1 1 2 7

18a 46 Tumor 6 6 7 7 7 6 5

18b 46 Normal 3 2 2 0 2 1 1

19a 49 Tumor 6 6 6 5 4 1 0

19b 49 Normal 1 0 0 0 3 1 ND

20a 41 Tumor 7 7 6 6 7 4 6

20b 41 Normal 2 1 2 1 1 ND 2

21a 47 Tumor 6 4 5 7 6 6 5

21b 47 Normal 0 ND 1 1 1 2 1

22a 43 Tumor 6 5 6 5 5 7 6

22b 43 Normal 1 0 2 3 2 1 ND

23a 65 Tumor 5 7 7 6 6 5 6

23b 65 Normal 4 1 0 2 1 1 2

24a 47 Tumor 6 5 6 5 7 6 5

24b 47 Normal 2 0 3 2 2 3 1
ND: Not detected.
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Table S2. Basic characteristics of the 374 HCC patients
Variables HCC patients (n=374)
Gender (male/female) 253/121
Age (years)
    ≤60 177 (47.5%)
    >60 196 (52.5%)
Weight (kg)
    ≤70 184 (53.2%)
    >70 162 (46.8%)
Albumin (g/dl)
    <3.5 69 (23%)
    ≥3.5 231 (77%)
AFP (ng/ml)
    ≤400 215 (76.8%)
    >400 65 (23.2%)
Fibrosis ishak score
    0 75 (34.9%)
    1/2 31 (14.4%)
    3/4 28 (13%)
    5/6 81 (37.7%)
Child-Pugh grade
    A 219 (90.9%)
    B 21 (8.7%)
    C 1 (0.4%)
Histologic grade
    G1 55 (14.9%)
    G2 178 (48.2%)
    G3 124 (33.6%)
    G4 12 (3.3%)
Pathologic stage
    Stage I 173 (49.4%)
    Stage II 87 (24.9%)
    Stage III 85 (24.3%)
    Stage IV 5 (1.4%)
T stage
    T1 183 (49.3%)
    T2 95 (25.6%)
    T3 80 (21.6%)
    T4 13 (3.5%)
N stage
    N0 254 (98.4%)
    N1 4 (1.6%)
M stage
    M0 268 (98.5%)
    M1 4 (1.5%)
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Figure S2. Univariate Cox regression analysis of snRNP expression for OS of HCC patients from the TCGA dataset.
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Figure S3. Multivariate Cox regression analysis of snRNP expression for OS of HCC patients from the TCGA dataset.
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Figure S4. 3D structure of seven snRNPs (COSMIC v94). Blue groups indicate predicted binding sites that are pre-
dicted targets for drugs.

Table S3. The specific enriched terms for GO and KEGG enrichment analysis between snRNPs and 
their 50 most frequently altered neighboring genes (DAVID 6.8)
Pathway GeneRatio P-value -log10 (P-value) Count Class
RNA splicing 24/138 2.58E-11 10.5883802940367 24 BP

RNA splicing, via transesterification reactions with bulged adenosine as 
nucleophile

23/138 3.89E-12 11.4100503986742 23 BP

mRNA splicing, via spliceosome 23/138 3.89E-12 11.4100503986742 23 BP

RNA splicing, via transesterification reactions 23/138 3.89E-12 11.4100503986742 23 BP

spliceosomal complex 19/142 1.10E-14 13.9586073148417 19 CC

mitotic nuclear division 18/138 1.02E-12 11.991399828238 18 BP

catalytic step 2 spliceosome 15/142 1.10E-14 13.9586073148417 15 CC

spliceosomal snRNP complex 13/142 2.06E-11 10.6861327796308 13 CC

U12-type spliceosomal complex 9/142 1.59E-11 10.7986028756795 9 CC

U2-type catalytic step 2 spliceosome 9/142 2.67E-11 10.5734887386354 9 CC

ribonucleoprotein complex binding 7/138 0.010712703 1.9701009353423 7 MF

cyclin-dependent protein serine/threonine kinase regulator activity 5/138 0.010051082 1.99778718388172 5 MF

DNA helicase activity 5/138 0.014418963 1.84106597259663 5 MF

single-stranded DNA-dependent ATP-dependent DNA helicase activity 3/138 0.014418963 1.84106597259663 3 MF

3’-5’ DNA helicase activity 3/138 0.014418963 1.84106597259663 3 MF

Spliceosome 17/81 7.75E-14 13.1106982974936 17 KEGG

Cell cycle 14/81 1.47E-11 10.8326826652518 14 KEGG

Human T-cell leukemia virus 1 infection 10/81 6.11E-05 4.21395878975744 10 KEGG

Oocyte meiosis 7/81 0.000293793 3.53195855605287 7 KEGG

DNA replication 4/81 0.000433406 3.36310508067458 4 KEGG
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Figure S5. The complex process of 
mRNA/RNA splicing (DAVID 6.8).


