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Abstract: Objective: To explore the prognostic role of RNF113A in colorectal cancer (CRC) and its relationship with
immune infiltration. Methods: Data from publicly available datasets were collected and analyzed to evaluate RN-
F113A expression in different tumors compared with normal samples and investigate the relationship between
RNF113A and CRC survival. The protein expression of RNF113A among colorectal cancer cell lines (HCT116, Caco2,
Colon3) and human colorectal mucosa cell (FHC) was detected as well. Pathway enrichment analysis was performed
to identify signaling pathways associated with RNF113A. The diagnostic and prognostic values of RNF113A expres-
sion in CRC and its correlation with cancer immune characteristics were analyzed by using the TIMER and TISIDB da-
tabases. Results: RNF113A is predominantly overexpressed in CRC, which has diagnostic and prognostic value. The
protein expression of RNF113A in Colon3 cells was significantly higher than that of FHC cells (P<0.05). The rRNA
processing signaling pathway-related gene SNU13 was positively correlated with RNF113A (R=0.245, P<0.001).
The area under the ROC curve (AUC) of RNF113A expression for diagnosis of CRC was 0.885. The nomogram
showed that RNF113A expression outperformed traditional clinical features such as age in predicting prognosis.
RNF113A expression was negatively correlated with the infiltration level of memory B cells, NK cells, Th2 cells, and
CD8* T cells. Moreover, RNF113A expression was negatively correlated with the expression of CCL4, CXCL16, CCR5,
and CXCR4. Conclusion: RNF113A may regulate CRC through the rRNA processing pathway and negatively correlate
with the infiltration level of immune cells, serving as a prognostic biomarker for CRC.
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Introduction

Colorectal cancer (CRC) is the second leading
cause of cancer-related mortality and the third
most prevalent cancer worldwide, with an in-
creasing prevalence among people under 50
years of age [1]. Although there has been
improvement in screening and therapy, the
prevalence and mortality of CRC remain high.
The survival rate for CRC patients at advanced
stage is low even after active treatments includ-
ing surgery, chemotherapy, radiation therapy,
or targeted therapy [2]. Thus, it is imperative to
screen for more effective biomarkers to facili-
tate novel therapeutic methods.

Ring finger protein 113A (RNF113A) is located
on chromosome Xg24.9 [3]. It contains a C3H1-

type zinc finger domain and a C3HC4 ring-type
zinc finger domain. The ring-type zinc finger
domain was identified in various tumor sup-
pressors, DNA repair genes, and cytokine re-
ceptor-associated molecules, and is probably
involved in mediating protein-protein interac-
tions [4, 5]. The C3H1-type RNF113A zinc finger
domain is often found in RNA-binding proteins
involved in splicing, while zf~-C3HC4 is a ubiqui-
tin-related structural domain and is often found
in E3 ubiquitin ligases [6, 7]. Several studies
have indicated that there are close associa-
tions between ubiquitin ligase and the occur-
rence, development, and metastasis of cancer
[8]. Recent studies have shown that RNF113A
promotes the proliferation, migration, and inva-
sion of esophageal squamous cell carcinoma
(ESCC) cell lines [9]. In research on cervical
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cancer (CC), high expression of RNF113A dra-
matically promoted proliferation and suppre-
ssed autophagy both in vitro and in vivo [10].
However, few studies have reported on the role
of RNF113A in CRC.

Therefore, we investigated the relationship
between RNF113A expression and prognosis in
colorectal cancer, with the hope to provide
more insight for research on the diagnosis and
treatment of CRC.

Materials and methods
Public datasets

Profiles of TCGA-COAD (Colon adenocarcinoma)
and TCGA-READ (Rectal adenocarcinoma) were
downloaded from TCGA database (https://por-
tal.gdc.cancer.gov). The mRNA expression data
of patients with adenocarcinoma (including
698 colorectal cancer samples and 51 para-
cancerous samples) were extracted using TPM
format, excluding clinical and duplicate infor-
mation and processed as log (value+1). We
also downloaded the following gene expres-
sion profiles from the GEO database (https://
www.ncbi.nlm.nih.gov/geo/): GSE20842 (in-
cluding 65 CRC samples and 65 paired adja-
cent nontumor samples), GSE89076 (including
39 CRC samples and 39 paired adjacent non-
tumor samples), GSE37364 (including 37 CRC
samples and 28 adjacent nontumor samples),
GSE9348 (including 70 CRC samples and 12
adjacent nontumor samples), GSE35279 (in-
cluding 74 CRC samples and 5 adjacent nontu-
mor samples) [11-15]. Data were normalized
again with the limma package's Normalize
Between Arrays function. Data visualization
was realized using the ggplot2 package. The
Human Protein Atlas (HPA) database (http://
www.proteinatlas.org/) was used to verify the
expression of RNF113A in CRC at the protein
level.

Functional enrichment analysis

Based on the Gene Ontology (GO) and Kyoto
Encyclopedia of Genes and Genomes (KEGQG)
interactions, we used the R cluster Profiler
package to enrich the 100 genes with the high-
est correlation with RNF113A in colorectal can-
cer [16-18]. The protein interaction network of
RNA113A was constructed using the String
online database (https://string-db.org/).
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Immunocorrelation analysis

The relationship between RNF113A expression
and the abundance of tumor-infiltrating im-
mune cells (THICs) in the TCGA-COAD and TCGA-
READ datasets was analyzed using the TIMER
2.0 online database (https://www.proteinatlas.
org/) [19]. We further used the “chemokine”
module in the TISIDB database (http://cis.hku.
hk/TISIDB/) to analyze and evaluate the corre-
lation between RNF113A expression and che-
mokine/chemokine receptor expression levels
of TlICs [18].

Cell culture

Human colorectal mucosa FHC cells and
colorectal cancer cell lines (HCT116, Caco2
and Colon3) were cultured in Dulbecco’s modi-
fied Eagle’s medium (DMEM) (Gibco, C1199-
5500BT) or Roswell Park Memorial Institute
(RPMI) 1640 (Gibco, 11875119) medium
containing 10% fetal bovine serum (FBS)
(Gibco) and 1% penicillin-streptomycin (Gibco,
15140122) in a CO, incubator at 37°C.

Western blot

Cells were washed with cold PBS twice. Cold
cell lysis buffer (Beyotime, PO013) with prote-
ase inhibitors was added and incubated on ice
for 30 min. Lysate supernatant was collected
after centrifugation (12000 g, 4°C, 10 min).
The protein lysates were separated by sodium
dodecyl sulfate polyacrylamide gel electro-
phoresis (SDS-PAGE) and imprinted on polyvi-
nylidene fluoride (PVDF) membranes (Milli-
pore, IPVHOO010) for analysis. Anti-RNF113A
(1:2000 dilution, Proteintech, 27018-1-AP)
and anti-GAPDH (1:5000 dilution, Proteintech,
60004-1) were incubated overnight at 4°C.
Horseradish peroxidase (HRP)-conjugated sec-
ondary antibodies (1:2000 dilution, Beyotime,
A0181) were added for 1 h at room tempera-
ture. Western blot analysis was interpreted
ImageJ software.

Statistical analysis

R version 4.2.1 (R Foundation for Statistical
Computing, Vienna, Austria) and GraphPad
Prism 8.4 (GraphPad Software, Inc., San Diego,
CA) were applied for statistical analyses. CRC
patients were classified into two groups ac-
cording to median RNF113A gene expression
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level based on TCGA database: a low RNF113A
expression group and a high RNF113A ex-
pression group. Overall survival of the two
groups was analyzed by Kaplan-Meier curves
and Wilcoxon log-rank tests. Cox regression
models were employed to perform univariate
and multivariate analyses, while Spearman cor-
relation was utilized for evaluating correlation
of RNF113A expression with other genes. A
P-value of less than 0.05 was considered
significant.

Results
RNF113A is upregulated in colorectal cancer

The whole process of this study is shown in
Figure 1. RNA-seq data from TIMER database
showed that the mRNA expression of RNF113A
was significantly upregulated in the tumor tis-
sues of various cancers, including colon can-
cer, rectal cancer, bladder cancer, breast can-
cer, bile duct cancer, esophageal cancer, kidney
cancer, hepatocellular carcinoma, lung cancer,
prostate cancer, pancreatic cancer, and gastric
cancer (Figure 2A). Further investigation of
RNF113A level in normal tissues and CRC tis-
sues revealed that the expression of RNF113A
in CRC tissues was significantly upregulated
compared to that of normal tissues (P<0.01)
(Figure 2B). Similarly, the same expression
trend was confirmed in CRC tissues and paired
para-cancerous tissues (Figure 2C). To analyze
the correlation between RNF113A expression
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and clinical features in CRC patients, we ana-
lyzed the mRNA expression of RNF113A in
patients with different clinical categories in the
TCGA database. The results showed that a high
expression of RNF113A was significantly corre-
lated with the clinical TNM stage, pathologic
stage, gender, tumor type, and DSS events
(Figure 2D-J). These data indicate that RNF-
113A is significantly upregulated in CRC.

Validation using independent external data-
bases and clinical specimens

To further explore the expression of RNF113A
in CRC, we analyzed seven other profiles from
GEO datasets to determine the expression of
RNF113A mRNA in CRC tissues and non-can-
cerous tissues (Figure 3A-G). The results
showed that the transcription level of RNF113A
in colorectal cancer tissues was significantly
elevated compared to unmatched para-cancer-
ous tissues. Similarly, the trend of RNF113A
expression in colorectal cancer was consistent
across matched sample analyses in two of the
datasets. We further investigated RNF113A
protein levels among colorectal cancer cell
lines (HCT116, Caco2, Colon3) and compared it
with that of human colorectal mucosa FHC
cells. The results indicated the protein levels of
RNF113A were increased in cancer cells (Figure
3H, 3I). Moreover, the expression level of
RNF113A in CRC was higher than that in nor-
mal colon tissue (Figure 3J). These data con-
firmed a high expression of RNF113A in CRC.
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Figure 2. Expression of RNF113A in different human cancers. (A) TIMER database was used to detect the expres-

sion levels of RNF113A in different tumors; (B-J) Expression level of RNF113A in normal tissues (B), paired adjacent
tissues (C), and the tumor tissues from patients with different clinical characteristics in the TCGA database [T stage

(D), N stage (E), M stage (F), clinical stage (G), Gender (H), Neoplasm type (I), and DSS event (J)]. Compared to nor-

mal group, “P<0.05, *"P<0.01, **P<0.001.
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Figure 3. The expression of RNF113A in CRC was validated using the Gene Expression Omnibus (GEO) database,
cell lines, and the Human Proteome Atlas (HPA) online database. A-E: Expression of RNF113A in tumor and unpaired
para-carcinoma tissues of the GSE20842, GSE89076, GSE37364, GSE9348, and GSE35279 datasets in the GEO
database; F, G: Expression level of RNF113A in tumor and paired adjacent tissues in the GSE20842 and GSE89076
of the GEO database. H, I: Protein expression of RNF113A in colorectal mucosa cell lines and CRC cell lines; J: Vali-
dation of the expression level of RNF113A in CRC using the HPA database. Compared with para-carcinoma group,
“P<0.05, **P<0.001.
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Figure 4. Kaplan-Meier survival analysis of the prognostic significance of RNF113A in CRC. (A-C) Kaplan-Meier
estimates of the survival probability [overall survival probability (A), disease-specific survival probability (B) and
progression-free interval survival probability (C)] of TCGA patients in all CRC patients; (D-L) Subgroup analysis based
on different clinicopathologic characteristics: T3 (D), NO (E), N1 (F),M1 (G),stage IV (H), age greater than 65 years
(I), CEA greater than 5 (J), CEA smaller than 5 (K), and BMI greater than 25 (L).
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High expression of RNF113A predicted poor
clinical outcome of CRC

To determine whether the expression of RNF-
113A is associated with patient prognosis, we
divided the CRC cases in the TCGA database
into two groups according to RNF113A level: a
high RNF113A expression group and a low
RNF113A expression group. Kaplan-Meier sur-
vival analysis showed that high expression of
RNF113A was associated with poor prognosis,
including overall survival, disease-specific sur-
vival and progression-free survival, in CRC pa-
tients (Figure 4A-C). Further analyses on the
survival of patients with high/low RNF113A
expression across different pathologic cha-
racteristics showed that high expression of
RNF113A was significantly associated with
poor prognosis of CRC patients in the following
groups: T3, NO, N1, M1, pathological stage IV,
patients over 65 years old, CEA level less than
5, and BMI over 25 (Figure 4D-L). These data
suggest that high expression of RNF113A is an
independent prognostic factor for OS in CRC
patients.

To analyze the diagnostic value of RNF113A
expression in CRC, a receiver operating charac-
teristic (ROC) curve was drawn, and the results
showed that the area under the ROC curve
(AUC) of RNF113A for diagnosing CRC was
0.885, suggesting high diagnostic performan-
ce (Figure 5A). We combined expression levels
of RNF113A with clinical variables to construct
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a nomogram to predict patient survival proba-
bilities at 1, 3, and 5 years. The nomogram
showed that RNF113A expression level was
superior to traditional clinical features such as
age in predicting CRC prognosis (Figure 5B). In
summary, RNF113A may be a candidate prog-
nostic biomarker for OS in CRC patients.

RNF113A is closely related to rRNA processing
- related genes in CRC cells

To explore the biological function of RNF113A
in colorectal cancer, the co-expression pattern
of RNF113A in CRC was analyzed using TCGA
database. According to the highest Spearman
correlation coefficient, 100 positively correlat-
ed genes and 100 negatively correlated genes
were screened, and functional enrichment
analyses of GO and KEGG were performed
using the R clustering Profiler software pack-
age. The results showed that the rRNA and ribo-
some processing related pathways in colorec-
tal cancer were enriched in these genes, and
the rRNA processing pathway was most signifi-
cantly enriched (Figure 6A).

A heat map was constructed to determine
whether RNF113A is associated with the 205
rRNA processing associated genes in CRC,
and the results showed that RNF113A upre-
gulation in colorectal cancer was significantly
correlated with these genes (Figure 6B). In
addition, a protein-protein interaction network
of these associated genes was constructed

Am J Transl Res 2024;16(4):1281-1294



RNF113A is a prognostic biomarker in colorectal cancer

A
ribonucleoprotein complex biogenesis a
ncRNA processing - @ | Padi
ribosome biogenesis @]
rRNA metabolic process - (@)
rRNA processing - [
intrinsic component of organelle ® Counts
. membrane ° 3
integral component of organelle | @
: . . membrane o
mitochondrial protein-containing | ® O
o complex O
sno(s)RNA-containing ribonucleoprotein |
complex o
U5 snRNP —+»
T T 1
0.05 0.10 0.15
GeneRatio

B 5
% .
I?:;‘:“ N M High

3 0

TAsiIL [ ] R=0678™

RPL10 | R=0661"

HSD17B10 . R=0635"
DKC1 | R=0598""
UTP14A R=0583"
RPS4X | R=0522"
RPS21 | R=0490"
EXOSC5 R=0471"
RPL30 | ' rR=0389™
NOB1 | R=0378"

DDX49 R=0377"

NHP2 R=0378"
TRMT112 R=0374"
RPS19 R=0372"
EXOSC1 R=0360" Z-score
WDR46 R=0359" w5
RPS3 ‘ R=0358" 4
uTP4 R =0.356
BYSL R=0355" L -2.5
RPS16 R=0351"
PNO1 R=0344"
RRP9 R=0341"
RPS6 | | R=0338"
RPS9 R=0332""
RPST7 | R=0331"
CSNK1D R=0330"
RPL39 R=0330"
FAU R=0330"

RPL13 R=0329""

RPL18 || R=0328"
RPL37A [ R=0328"
MTREX [ R =0038"

SNU13 | R=0245"

D

g o Spearman
54 s R=0.245
' P <0.001

The expression of SNU13
Log, (TPM+1)

2 4 6
The exEression of RNF113A
og, (TPM+1)
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sk

tween the expression of RNF113A and SNU13 in CRC.

(Figure 6C). Results showed that rRNA process-
ing signaling pathway-related gene SNU13 was
positively correlated with RNF113A (R=0.245,
P<0.001) (Figure 6D). In summary, RNF113A
is closely related to the regulation of rRNA pro-
cessing signaling pathways in colorectal can-
cer.
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P<0.001; C: The string online database predicts the protein interaction network of RNF113A; D: Correlation be-

Correlation of RNF113A expression with im-
mune characteristics

Infiltration of immune cells in the tumor micro-
environment can affect tumor progression. To
explore the relationship between RNF113A
expression and tumor immune response, we
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Figure 7. Correlation analysis of RNF113A expression and immune infiltration in CRC. (A) Differential distribution of
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sion group, “P<0.05, ""P<0.01, *"P<0.001.

used TIMER database to study immune cell
infiltration in CRC patients with different RNF-
113A expression levels. The results showed
that the infiltration levels of B cells, CD8" T
cells, dendritic cells (DCs), macrophages, cen-
tral memory T cells, effective memory T cells,
and follicular helper T cells in CRC patients with
high RNF113A expression were significantly
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lower than those in patients with low RNF113A
expression (Figure 7A). We further analyzed the
correlation between the RNF113A expression
in CRC and immune infiltration, and the results
showed that the expression level of RNF113A
was negatively correlated with the infiltration
level of memory B cells, NK cells, Th2 cells,
CD8* T cells (Figure 7B-G). Therefore, these
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data suggest that RNF113A may inhibit the
tumor immune response of CRC by negatively
regulating CD8" T cells, B cells, DC, and macro-
phage infiltration into tumors.

Chemokines and chemokine receptors are nec-
essary for immune cells to infiltrate the tumor.
Therefore, we analyzed the correlation be-
tween the expression level of RNF113A in CRC
and immune cell chemokines and chemokine
receptors. The heat map results displayed a
significant relationship between RNF113A level
and chemokines and chemokine receptors in
CRC (Figure 8A, 8B). To further elucidate the
relationship between RNF113A expression and
immune cell migration, we comprehensively
analyzed the correlation between RNF113A
expression and chemokine/chemokine recep-
tor. The results showed that RNF113A ex-
pression was negatively correlated with CCL4,
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CXCL16, CCR5, and CXCR4 (Figure 8C-F).
Subsequently, we analyzed the expression of
RNF113A with immune-inhibitors and immune-
stimulators in different types of human cancers
using the TISIDB database (Figure 9A, 9B).
Interestingly, RNF113A was negatively correlat-
ed with the expression of both immune-inhibi-
tors and immune-stimulators, including PDCD1,
CTLA4, CXCR4, and IL2RA (Figure 9C-F). These
results suggest that the RNF113A gene plays
an important role in tumor immunity.

Discussion

Ring finger protein 113A (RNF113A) has a RING
domain, which is often found in E3 ubiquitin
ligases and is involved in the regulation of the
stability of E2 and E3 family proteins [6, 7]. In
addition, RNF113A has a C3HC4 zinc finger
domain, which is found in E3 ubiquitin ligase

Am J Transl Res 2024;16(4):1281-1294
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and is involved in tumorigenesis [20]. Increas-
ing studies have shown that RNF113A is
involved in many biologic processes, such as
cell proliferation, survival, and differentiation.
In recent years, the role of RNF113A in tumor
has received increasing attention. RNF113A
has been found to be associated with metasta-
sis and poor prognosis in cervical cancer,
esophageal cancer, and lung cancer. However,
there were few studies on the role of RNF113A
in CRC. In this study, the biological activity of
RNF113A and its possible regulatory pathways
were comprehensively investigated through
bioinformatic analysis. RNF113A was found to
be up-regulated in CRC, and its high expression
was associated with poor clinicopathologic fea-
tures. In addition, RNF113A was useful for diag-
nosis and prognosis of CRC. These findings
strongly suggest that RNF113A is an oncogene
and prognostic biomarker.
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To analyze the molecular mechanism of
RNF113A-mediated CRC progression and poor
prognosis, we performed GO functional enrich-
ment and KEGG pathway analysis, and found
that RNF113A was closely related to the regula-
tion of rRNA processing signaling pathways in
colorectal cancer. In addition, we also found
that RNF113A was positively correlated with
rRNA processing signaling pathway-related ge-
ne SNU13, a key component in assembling the
spliceosome [21]. Our findings are consistent
with other studies. Research has found that
RNF113A is important on spliceosome activa-
tion, mediating interactions among the core
components [22]. Other studies have also sh-
own that RNF113A is an RNA-binding protein
which regulates the splicing of multiple candi-
dates involved in cell survival [23]. Pre-me-
ssenger RNA (mRNA) splicing is an essential
step in the control of eukaryotic gene expres-
sion. Therefore, RNF113A may influence tumor
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cell survival by regulating the splicing of related
genes.

The development of tumor is related to its sur-
rounding environment and tumor microenviron-
ment (TME), in which immune cell infiltration
affects the process of tumor occurrence, devel-
opment, and metastasis [24]. This study inves-
tigated a correlation between the expression of
RNF113A and the level of immune infiltration in
CRC. Our results showed a negative correlation
between high RNF113A expression and the
infiltration level of memory B cells, NK cells,
Th2 cells, and CD8" T cells. In addition, chemo-
kines and their receptors play an important role
in the directed migration of immune cells [25].
We further used the TISIDB database to ana-
lyze the correlation between the expression
level of RNF113A in CRC and the expression of
chemokines and chemokine receptors in im-
mune cells. The results showed that RNF113A
expression was negatively correlated with
CCL4, CXCL16, CCR5, and CXCR4. These re-
sults suggest that high expression of RNF113A
may inhibit the migration of immune cells into
the TME and play a regulatory role in the tumor
immune microenvironment of CRC.

We also found that the expression level of
RNF113A was negatively correlated with the
expression of both immune-inhibitors and
immune-stimulators, including PDCD1 (PD1),
CTLA4, CXCR4, and IL2RA (CD25). Both PDCD1
and CTLA4 are critical immune checkpoint pro-
teins [26]. Antibodies targeting PCDC1 and its
ligand PD-L1 can reactivate exhausted T cells
to restore the immune response against cancer
cells, and their use in clinical trials has been a
success [27]. CTLA4 is highly expressed in reg-
ulatory T cells (Tregs), which play a vital role in
the immune suppression of tumor develop-
ment [28]. Moreover, IL2RA (CD25) is another
maker for Tregs and participates in the regula-
tion of immune tolerance by controlling the
activity of Treg cells, so as to inhibit the activa-
tion and proliferation of effector T cells [29]. A
high expression level of CXCR4 has been
reported in more 23 kinds of tumors, and
CXCL12/CXCR4 axis targeted therapy has
shown promising value in cancer treatment
[30]. Our findings indicate that the high expres-
sion of RNF113A may negatively impact the
immunotherapy response in CRC.

In summary, the expression of RNF113A is sig-
nificantly upregulated and strongly associated
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with poor prognosis in CRC patients. RNF113A
has value for the diagnosis and prognosis of
CRC. RNF113A may influence the progression
of CRC by regulating protein processing and
immune infiltration. It may serve as a novel
prognostic biomarker for CRC patients. How-
ever, there are some limitations of this study,
which we hope to overcome soon. First, the
comparability and reproducibility of microarray
data generated in different laboratories re-
mains controversial, which can lead to system-
atic bias. Second, to improve the reliability of
our findings, we need to conduct more in vivo/
in vitro experiments to demonstrate an effect
of RNF113A on tumor cells. Third, there is no
direct evidence that RNF113A influences the
prognosis of CRC by participating in immune
invasion, although a close relationship bet-
ween RNF113A expression and immune inva-
sion and the prognosis of CRC was observed
in this study. The impact of RNF113A expres-
sion on chemotherapy also deserves further
evaluation.
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