
Observational Study

1

Medicine®

Pancancer analysis of the interactions between 
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Abstract 
Recently, evidence has indicated that CTNNB1 is important in a variety of malignancies. However, how CTNNB1 interacts with 
immune cell infiltration remains to be further investigated. In this study, we focused on the correlations between CTNNB1 and 
tumorigenesis, tumor progression, mutation, phosphorylation, and prognosis via gene expression profiling interaction analysis; 
TIMER 2.0, cBioPortal, GTEx, CPTAC, and GEPIA2 database analyses; and R software. CTNNB1 mutations are most found in 
uterine endometrioid carcinoma and hepatocellular carcinoma. However, no CTNNB1 mutations were found to be associated 
with a poor prognosis. In addition, CTNNB1 DNA methylation levels were higher in normal tissues than in tumor tissues in cancer 
except for breast invasive carcinoma, which had higher methylation levels in tumor tissues. The phosphorylation level of the S675 
and S191 sites of CTNNB1 was greater in the primary tumor tissues in the clear cell renal cell carcinoma, liver hepatocellular 
carcinoma, lung adenocarcinoma, pancreatic adenocarcinoma, and breast cancer datasets but not in the glioblastoma multiform 
dataset. As for, with respect to immune infiltration, CD8 + T-cell infiltration was negatively correlated with the expression of 
CTNNB1 in thymoma and uterine corpus endometrial carcinoma. The CTNNB1 level was found to be positively associated 
with the infiltration index of the corresponding fibroblasts in the TCGA tumors of colon adenocarcinoma, human papillomavirus-
negative head and neck squamous cell carcinoma, mesothelioma, testicular germ cell tumor, and thymoma. We also identified 
the top CTNNB1-correlated genes in the TCGA projects and analyzed the expression correlation between CTNNB1 and selected 
target genes, including PPP4R2, RHOA, and SPRED1. Additionally, pathway enrichment suggested that NUMB is involved in the 
Wnt pathway. This study highlights the predictive role of CTNNB1 across cancers, suggesting that CTNNB1 might serve as a 
potential biomarker for the diagnosis and prognosis evaluation of various malignant tumors.

Abbreviations: ACC = adrenocortical carcinoma, BRCA = breast invasive carcinoma, CESC = cervical squamous cell 
carcinoma and endocervical adenocarcinoma, COAD = colon adenocarcinoma, GBM = glioblastoma multiform, HNSC = head 
and neck squamous cell carcinoma, ICI = immune checkpoint inhibitors, KIRC = kidney renal clear cell carcinoma, LGG = brain 
lower-grade glioma, LIHC = liver hepatocellular carcinoma, LUAD = lung adenocarcinoma, MSI = microsatellite instability, OS = 
overall survival, OV = ovarian serous cystadenocarcinoma, PAAD = pancreatic adenocarcinoma, RCC = renal cell carcinoma, 
READ = rectum adenocarcinoma, TGCT = testicular germ cell tumor, THYM = thymoma, TIICs = tumor-infiltrating immune cells, 
TMB = tumor mutation burden, TME = tumor microenvironment, UCEC = uterine corpus endometrial carcinoma.
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1. Introduction
Tumorigenesis is a very sophisticated process accompanied by 
enhanced proliferation, apoptosis inhibition, enhanced angio-
genesis, and evasion of immunity. Pancancer expression research 
on target genes and their relationships with prognosis as well as 
the relevant mechanisms is greatly needed. Moreover, the public 
TCGA and GEO databases provide genomic datasets for vari-
ous tumors and support for performing such studies. The tumor 

microenvironment (TME) includes many kinds of cells. The 
TME is very important in the development of human cancer.

With the emergence of immune checkpoint inhibitors (ICIs) 
and other therapeutic options, the relationship between tumors 
and immune cells has become a hot topic. Recently, immuno-
therapy has attracted widespread attention in a variety of can-
cer treatment fields. Several immune checkpoint blockers, such 
as anti-CTLA-4 and anti-PD-L1, have emerged.[1,2] Therefore, 
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exploration of the tumor-immune interaction mechanism and 
investigation of new immunotherapeutic targets in cancer are 
needed.

The protein β-catenin is encoded by the CTNNB1 gene, 
which forms adherens junctions together with calmodulin and 
α-catenin. Adherens junctions are essential in the construction 
of the epithelial cell layer because they regulate intercellular 
adhesion.[3] Research has revealed a specific role for CTNNB1 in 
different cancers, and this role varies across cancers. Cell cycle 
blockade in granulosa cells is associated with the downregu-
lation of WNT/CTNNB1 signaling, which promotes ovarian 
follicle maturation.[4] The CTNNB1 protein promotes ovarian 
cancer metastasis by targeting the downregulation of Dicer to 
attenuate microRNA biosynthesis.[5] WNT/CTNNB1 signal-
ing is a mediator of lncRNA SNHG20 and lncRNA SNHG8 
to promote ovarian cancer progression.[6,7] In mice, relevant 
experimental studies revealed that when exon 3 of CTNNB1 
is deleted, the new glandular pathway is activated, which sig-
nificant suppresses the proliferation of PI3K GOF-mutant cells, 
increasing the severity of the disease.[8] Moreover, mutation of 
exon 3 of CTNNB1 plays an important role in regulating the 
myometrial invasion of endometrial carcinoma in postmeno-
pausal women. Some scholars’ experimental studies have shown 
that MyD88 deletion can affect the proliferation of intestinal 
epithelial tumor cells via Wnt/CTNNB1 signaling.[9] The mech-
anism of chemoresistance in rectal cancer is very complex; 
the main mechanism involves the activation of the SOX 2-β- 
catenin/Beclin-1/autophagy signaling axis, and the EMT  
process in tumors is also accelerated when this pathway is acti-
vated.[10] Additionally, in hepatocellular carcinoma, CTNNB1 
mutations lead to reduced chemokine levels via modulation of a 
feature miRNA–IRG–CK axis.[11] In addition, sFRP-4 prevents 
the development of carcinoma cells by inhibiting the WNT/
CTNNB1 signaling pathway.[12] In addition, relevant laboratory 
studies have perfectly demonstrated the function of CTNNB1 
in medulloblastoma, human melanoma, and neurodevelopmen-
tal disorders.[13–17] Therefore, the relationship between aberrant 
CTNNB1 expression and tumor prognosis is not clear, and the 
immunological function of CTNNB1 in a pancancer context 
still needs to be clarified.

In the present study, we performed bioinformatics analysis of 
the expression of CTNNB1 and its relationship with survival 
conditions, DNA methylation, tumor-infiltrating immune cells 
(TIICs), and related cellular pathways via different databases 
and revealed its prognostic value.

The workflow of the study is shown in Figure S1, Supplemental 
Digital Content, http://links.lww.com/MD/N828, which shows 
the flowchart illustrating the pancancer analysis.

2. Materials and methods

2.1. Analysis of gene expression patterns

Tissue samples from the TCGA project were examined for 
CTNNB1 levels in tumors versus neighboring normal tissues via 
the “Gene DE” module of TIMER. The GEPIA2 web server pro-
vided box plots of the expression differences in the GTEx data-
base for certain tumors that did not have any or only a small 
number of normal tissues (e.g., TCGA-glioblastoma multiform 
(GBM), TCGA-acute myeloid leukemia). The “Pathological 
Stage Plot” module in GEPIA2 also provided violin plots of 
CTNNB1 levels in various stages of all TCGA tumors. Data for 
the box were converted as follows: log2 [transcripts per million 
(TPM) + 1].

Protein expression analysis of the CPTAC dataset was per-
formed via the UALCAN portal. CTNNB1 (NP 001091679.1) 
has been shown to be differentially expressed between pri-
mary tumors and normal tissues in terms of total protein 
and phosphoprotein expression. Available datasets of 6 
tumors (including clear cell renal cell carcinoma [RCC] and 

lung adenocarcinoma [LUAD]) were used. Additionally, the 
UALCAN tool was used to assess CTNNB1 methylation levels 
in 23 kinds of cancers.

2.2. Survival prognosis analysis

In this research process, the “survival map” module of GEPIA2 
was applied to obtain the overall survival (OS) significance 
map data of CTNNB1 across all TCGA tumors. The expres-
sion thresholds of the high- and low-expression groups were 
set as the cutoff high (50%) and cutoff low (50%), respectively. 
The logarithmic rank test was applied in the inspection process, 
and the survival chart was generated via the “survival analysis” 
module of GEPIA2.

2.3. Genetic alteration analysis

When looking for information on CTNNB1 genetic alterations, 
we used the “TCGA Pan-Cancer Atlas Studies.” In the “cancer 
types summary” module, copy number alterations (CNAs) were 
displayed. The “mutations” module in the protein 3D structure 
showed mutation site information for CTNNB1 in the sche-
matic diagram. Additionally, we utilized the “comparison” mod-
ule to determine how TCGA cancer patients with and without 
CTNNB1 mutations differed in terms of overall, disease-free, 
and survival rates.

2.4. Analysis of immune infiltration

The CTNNB1 expression level was examined via the “immune-
gene” module of the TIMER2 web server. CD8+ T cells were 
chosen for the study. A variety of methods were used to deter-
mine immune cell infiltration levels. These included the TIMER, 
CIBERSORT, and XCELL databases. These values were derived 
by adjusting the results of Spearman rank test for purity. A heat-
map was used to visualize the data intuitively.

To predict the efficacy of immunotherapy, the tumor mutation 
burden (TMB) was used as a powerful biomarker. The variants 
that have been identified thus far can be classified as insertions 
or deletions across multiple bases. Molecular tumor pheno-
type microsatellite instability (MSI) refers to the loss or gain of 
nucleotides from relevant repetitive DNA regions. Research on 
the association between the TMB and MSI was carried out via 
Sangerbox.

The immunological microenvironment of tumors has 
emerged as a significant factor in the progression of malignan-
cies. To establish the link between immune and stromal scores 
and CTNNB1 levels, this study employed the Sangerbox tool to 
compute 3 scores (the immune score, the stromal score, and the 
ESTIMATE score) for the TME. These scores indicate immuno-
logical and stromal functions. A higher immune score or stromal 
score indicates that a larger proportion of a certain cell type 
(immune or stromal) is present in the TME. The ESTIMATE 
score refers to the ratio of these components in the TME.

2.5. Enrichment analysis

The STRING database was searched using “CTNNB1” and 
“Homo sapiens.” Our next step was to set the following param-
eters: the meaning of network edges (“evidence”), the maximum 
number of participants to display (“≤50 participants” in the 1st 
shell), and the active interactions (“experiments”) that are to be 
used in the visualization. Finally, proteins experimentally vali-
dated to bind to CTNNB1 were obtained.

To identify the top 100 CTNNB1-related genes, we utilized 
GEPIA2 to analyze the TCGA tumor dataset and corresponding 
healthy tissue dataset. A Pearson correlation study of CTNNB1 
and selected genes was also conducted in GEPIA2. Using the 
log2 TPM, we created a dot plot P value, and R2 information 
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was provided in the table. We subsequently calculated the coex-
pression relationships of the 3 genes that were the genes most 
strongly linked to each other in the TCGA, GTEx, and CCLE 
databases with CTNNB1. In addition, we used TIMER2’s “Gene 
Corr” module, which provides a heatmap of the selected genes 
and includes the P value for adjusting Spearman correlation for 
purity. It was ultimately possible to identify enriched pathways 
via the R packages “tidyr” and “ggplot2.” To perform GO (Gene 
Ontology) enrichment analysis, we used the “clusterProfiler” R 
package. We created cnetplots (circular = F, colorEdge = T, node 
label = T) from the data. The relevant indexes of the net enrich-
ment score, gene ratio, and P value were used to identify KEGG 
pathways with substantial enrichment. The R programming 
language [R-3.6.3, 64-bit] was used for this study, and P < .05 
was considered to indicate statistical significance in two-tailed 
analyses.

3. Results

3.1. Analysis of gene expression

CTNNB1 was first studied in a variety of cell types and non-
tumor tissues. The mRNA and protein sequences of CTNNB1 
are shown in Figure S2, Supplemental Digital Content, http://
links.lww.com/MD/N828. Some scholars have reported that 
the multifunctional CTNNB1 protein is highly conserved 
according to the “HomoloGene” database, which indicates 
that the normal physiological role of CTNNB1 may be similar 
across a wide variety of species (see Figure S3, Supplemental 
Digital Content, http://links.lww.com/MD/N828, which 
shows HomoloGene and phylogenetic tree analysis). The 
placenta expressed the highest levels of CTNNB1, followed 
by the ovary and endometrium (see Figure S4, Supplemental 
Digital Content, http://links.lww.com/MD/N828, which shows 
CTNNB1 expression in different datasets), and was derived 
from the HPA and GTEx datasets. All observed tissues (con-
sensus normalized expression levels >10) displayed CTNNB1 
expression, suggesting poor RNA tissue specificity. Similarly, 
the HPA/Monaco/Schmiedel datasets lacked RNA blood cell 
type features when the CTNNB1 levels of various blood cells 
were evaluated. The CTNNB1 protein content in plasma was 
2 µg/L, which is deemed physiological leakage of the intra-
cellular CTNNB1 protein according to the PeptideAtlas. 
Immunohistochemical staining of CTNNB1 in different tumor 
tissues and normal tissues (see Figure S5, Supplemental Digital 
Content, http://links.lww.com/MD/N828, which shows immu-
nohistochemical staining of CTNNB1 in different tumor tis-
sues and normal tissues).

We used the TIMER2 method to examine CTNNB1 expres-
sion in TCGA samples from various cancers. As shown in 
Figure 1A, CTNNB1 expression levels in breast invasive carci-
noma (BRCA), colon adenocarcinoma (COAD), kidney chromo-
phobe, kidney renal clear cell carcinoma (KIRC), kidney renal 
papillary cell carcinoma, liver hepatocellular carcinoma (LIHC), 
uterine corpus endometrial carcinoma (UCEC) (P < .001), chol-
angiocarcinoma, prostate adenocarcinoma, rectum adenocarci-
noma (READ) (P < .01), head and neck squamous cell carcinoma 
(HNSC), LUAD, and lung squamous cell carcinoma (P < .05) 
tissues were greater than those in control tissues (Fig. 1B). 
The nonsignificant difference in CTNNB1 expression between 
tumor samples and normal tissues (see Figure S6, Supplemental 
Digital Content, http://links.lww.com/MD/N828, which shows 
difference in CTNNB1 expression between tumor samples and 
normal tissues). We then examined the differences in protein 
levels between healthy and tumor tissues via the use of healthy 
tissues from the GTEx database as controls. However, for other 
malignancies, such as adrenocortical carcinoma (ACC), BRCA, 
acute myeloid leukemia, and ovarian serous cystadenocarci-
noma (OV), we were unable to detect a significant difference 
(see Figure S4, Supplemental Digital Content, http://links.lww.

com/MD/N828, which shows CTNNB1 expression in different 
datasets).

The CPTAC dataset revealed significantly greater total 
CTNNB1 protein expression in tumors tissues versus normal 
tissues for colon cancer and other malignancies, such as colon 
cancer, UCEC, GBM, pancreatic adenocarcinoma (PAAD), 
HNSC, and LIHC (P < .001). However, there were no substan-
tial differences between normal and malignant breast cancer 
tissues (Fig. 1C). Data on the correlation of pathological stage 
with CTNNB1 in different tumors is shown in Figure 1D.

The “pathological stage plot” module was used to examine 
the link between the CTNNB1 level and the stages of malignan-
cies, such as COAD, OV, PAAD, and KIRC (Fig. 1D, P < .05).

3.2. Analysis of prognostic factors

The CTNNB1 level in cancer cases was compared with the 
prognosis of different malignancies, and we categorized the 
cases into two categories: high- and low-expression.

CTNNB1 overexpression was shown to be related to poor 
OS in the TCGA datasets for GBMLGG (P = 7.2e-13), brain 
lower-grade glioma (LGG) (P = 3.7e-04), ACC (P = 5.9e-03), 
PAAD (P = .02), bladder urothelial carcinoma (P = .04), and 
kidney chromophobe (P = .04), as shown in Figure 2A. In the 
TCGA datasets for PAAD (P = 7.5e-4), COAD (P = 4.5e-3), 
COADREAD (P = 5.9e-3), ACC (P = .01), and lung squamous 
cell carcinoma (P = .02), high CTNNB1 levels were correlated 
with a poor prognosis (Fig. 2B). CTNNB1 overexpression was 
associated with poor OS (P = 2.3e-15), disease-specific survival 
(P = 1.0e-15), progression-free survival (PFS) (P = 5.1e-14), and 
good DFS (P = 7.0e-3) (Fig. 2C).

A relationship between high CTNNB1 levels and poor OS 
(Fig. 2D, P = .0074) and DFS (P = 9.8e-05) in ACC patients was 
observed using the GEPIA tool. Low CTNNB1 gene expression 
was correlated with poor OS for KIRC (P = 1.5e-05), READ 
(P = .054), and uveal melanoma (P = .0053) patients and poor 
DFS for KIRC patients (P = .034) (Fig. 2D).

Moreover, the survival analysis via Kaplan–Meier (K–M) 
plotter revealed that low CTNNB1 expression was related to 
worse OS for kidney renal papillary cell carcinoma, testicular 
germ cell tumor (TGCT), stomach adenocarcinoma, READ, and 
KIRC patients and poor DFS for patients with stomach ade-
nocarcinoma and breast cancer (see Figure S7, Supplemental 
Digital Content, http://links.lww.com/MD/N828, which shows 
overall survival and disease-free survival were evaluated via the 
Kaplan–Meier plotter tool). In contrast, high CTNNB1 expres-
sion was associated with poor OS in cervical squamous cell 
carcinoma and endocervical adenocarcinoma (CESC), HNSC, 
LIHC, OV, and PAAD patients and poor DFS in PAAD patients.

3.3. Genetic mutation analysis

Figure 3A shows that 282 patients with “missense” mutations 
as the major category had the highest CTNNB1 mutation 
frequency.

Figure 3C shows the types, locations, and cases of the 
CTNNB1 genetic mutation. One of the most common types 
of genetic changes we discovered was a missense mutation in 
CTNNB1, which we found in 27 uterine endometrioid carci-
noma cases, 17 hepatocellular carcinoma cases, 3 lung ade-
nocarcinoma cases, 2 bladder urothelial carcinoma cases, 2 
prostate adenocarcinoma cases, 1 papillary stomach case, and 
1 COAD case; the change involved mutation of serine to cys-
teine/phenylalanine/tyrosine/proline/alanine/threonine. For 
the VUS gene, missense mutation was also the main alteration 
type, and R587Q mutation was detected in 3 cases of uterine 
endometrioid carcinoma, 1 case of tubular stomach adenocar-
cinoma, 1 case of rectal adenocarcinoma and 1 case of COAD, 
with translation from arginine to glutamine. The 3D structure 
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Figure 1.  Expression level of the CTNNB1 gene in different tumors and pathological stages. (A) The expression status of the CTNNB1 gene in different cancers 
or specific cancer subtypes was analyzed via TIMER2. *P < .05; **P < .01; ***P < .001. (B) For the tumor types of lymphoid neoplasm diffuse large B-cell lym-
phoma (DLBC), LGG, skin cutaneous melanoma (SKCM), THYM, GBM, and PAAD in the TCGA project, the corresponding normal tissues of the GTEx database 
were included as controls. The box plot data were supplied. *P < .05. (C) Based on the CPTAC dataset, we also compared the total protein expression level 
of SND1 between normal tissue and primary tissues of patients with breast cancer, ovarian cancer, colon cancer, clear cell RCC, UCEC, LUAD, GBM, PAAD, 
HNSC and LIHC. *P < .05; ***P < .001. (D) Based on the TCGA data, the expression levels of the SND1 gene were analyzed according to the main pathological 
stages of COAD, KIRC, OV, and PAAD. Log2 (TPM + 1) was applied for log-scale transformation.
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of the CTNNB1 protein revealed R587 as the mutation site 
(Fig. 3B). We also investigated the possibility that a genetic 
change in CTNNB1 is linked to a poor prognosis for various 
types of cancer. In UCEC patients, altered CTNNB1 expres-
sion improved overall survival (P = .0135) but not disease-free 
survival (P = .143) (Fig. 3D).

3.4. Analysis of DNA methylation

Analysis of DNA methylation. With respect to the TCGA data, 
this study applied the MEXPRESS approach to identify a link 
between CTNNB1 DNA methylation and the etiology of vari-
ous cancers (see Figure S8, Supplemental Digital Content, http://
links.lww.com/MD/N828, which shows association between 

Figure 2.  Correlation between CTNNB1 gene expression and prognosis of cancers in the TCGA database (A and B). We used the GEPIA2 tool to perform 
overall survival and disease-free survival analyses of different tumors in the TCGA database according to CTNNB1 gene expression (C). The survival map and 
Kaplan–Meier curves with positive results are shown (D).

http://links.lww.com/MD/N828
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CTNNB1 DNA methylation and etiology). The methylation lev-
els of normal tissues in the COAD, bladder urothelial carcinoma, 
LIHC, PAAD, READ, TGCT, and UCEC datasets were greater 
than those of tumor tissues; however, for the BRCA dataset, the 
methylation levels were greater in tumor tissues (see Figure S9, 
Supplemental Digital Content, http://links.lww.com/MD/N828, 
which shows CTNNB1 methylation levels in different tumors in 
the CPTAC database).

The GSE77871 dataset included CTNNB1 methylation levels 
in ACC and neighboring normal adrenocortical tissues. It shows 
the normalized methylation chip data that we used to identify 
differentially methylated probes and differentially methylated 
regions (see Figure S10, Supplemental Digital Content, http://
links.lww.com/MD/N828, which shows DNA methylation anal-
ysis: CTNNB1 methylation levels in ACC and neighboring nor-
mal adrenocortical tissues). The methylation level of CTNNB1 
in normal tissues was not significantly different from that in 
malignant tissues.

3.5. Analysis of protein phosphorylation

Normal tissues were compared to primary tumor tissues for 
changes in CTNNB1 phosphorylation levels. The CPTAC data-
set was used to investigate the presence or absence of 6 tumor 
types (LUAD, LIHC, breast cancer, clear cell RCC, GBM, and 
PAAD). The CTNNB1 phosphorylation sites are summarized 

in Figure 4A, with important changes highlighted. S675 and 
S191 locus phosphorylation was greater in all primary tumor 
tissues except GBM (Fig. 4B, all P < .05), followed by the S179 
and S552 loci for breast cancer and the S33 locus for clear cell 
RCC. Additional studies are needed to determine whether S426 
phosphorylation and cell cycle regulation play a role in tumor-
igenesis, and we cannot exclude the conclusion that the high 
CTNNB1 phosphorylation level of S675 or S191 is merely a 
byproduct of dysregulated signaling.

Additionally, we applied the relevant PhosphoNET tool to 
look at CTNNB1 phosphorylation at S191, which was empir-
ically supported by a single paper, as well as S675 in the data-
set.[18,19] S191 and S675 phosphorylation is very important in 
carcinogenesis; hence, further molecular studies are warranted.

3.6. Results of the study on immune infiltration

T cells in the TME have been found to have critical functions 
in cancer growth and metastasis. In the TME, cancer-associated 
fibroblasts have been found to influence the function of immune 
cells that have infiltrated the tumor.

CD8 + T-cell immunological infiltration and CTNNB1 
expression were found to be negatively correlated by all or most 
algorithms after a series of investigations in thymoma (THYM) 
and UCEC (see Figure S11, Supplemental Digital Content, 
http://links.lww.com/MD/N828, which shows immunological 

Figure 3.  Mutation features of CTNNB1 in different tumors in the TCGA database. We analyzed the mutation features of CTNNB1 in TCGA tumors via the 
cBioPortal tool. The alteration frequencies with mutation type (A) and mutation site (C) are displayed. The mutation site with the highest alteration frequency in 
VUS in the 3D structure of CTNNB1 (B) is shown. We also analyzed the potential correlation between mutation status and overall, disease specific, disease-free, 
and progression-free survival in UCEC patients (D) via the cBioPortal tool.
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role of CTNNB1). The CTNNB1 level and infiltration index 
of the corresponding fibroblasts were statistically linked in the 
TCGA tumors of COAD, HNSC-HPV−, mesothelioma, TGCT 
and THYM (Fig. 5A). Figure 5A and Figure S11, Supplemental 
Digital Content, http://links.lww.com/MD/N828 show the 
scatterplot data for the aforementioned tumors generated by 1 
algorithm. On the other hand, the MCPCOUNTER algorithm 
revealed that the CTNNB1 expression level in COAD was posi-
tively associated with the infiltration level of relevant fibroblasts 
(Fig. 5B, cor = 0.254, P = 2.10e-05). Notably, CTNNB1 expres-
sion was highly associated with immune scores in the following 
tumors: GBMLGG, KIPAN and KIRC (stromal score); CESC, 
sarcoma and TGCT (immune score); and GBM, LGG, KIPAN 
and skin cutaneous melanoma-M (ESTIMATE score) (see 
Figure S11, Supplemental Digital Content, http://links.lww.com/
MD/N828, which shows immunological role of CTNNB1). The 
results revealed that CTNNB1 expression and immune infiltra-
tion in tumors were closely linked.

Immunosurveillance is largely acknowledged component 
in evaluating the prognosis of many malignancies. ICP genes, 
such as PD-1, can be exploited by tumors to elude detection. In 
terms of the connection between the CTNNB1 level and that 
of immunological genes. CTNNB1 expression was positively 

associated with the ICP gene level, except for IL1A, IFNA1, 
IFNA2, TNFRSF18, and VTCN1 in pheochromocytoma and 
paraganglioma (Fig. 6A). These results indicate that CTNNB1 
could play a critical role in preventing the immune system from 
recognizing and responding to pathogens. The relationships 
between CTNNB1 levels and TMB/MSI in all cancers in the 
TCGA cohort were also investigated. We found no significant 
association between CTNNB1 expression and TMB in any of 
the 37 tumors examined, as shown in Figure 6B and C. Figure 
S10, Supplemental Digital Content, http://links.lww.com/MD/
N828 shows that the CTNNB1 level was negatively related to 
MSI in GBM, HNSC, KIPAN, COAD, READ, and uterine carci-
nosarcoma (all P < .05) but positively related to MSI in TGCT 
and CESC (all P < .05) (see Figure S10, , Supplemental Digital 
Content, http://links.lww.com/MD/N828, which shows DNA 
methylation analysis: CTNNB1 methylation levels in ACC and 
neighboring normal adrenocortical tissues). These findings merit 
further investigation.

3.7. Enrichment analysis of CTNNB1-related partners

To clarify the molecular mechanism of the CTNNB1 gene in 
tumor pathology, we searched a database to identify the binding 

Figure 4.  Phosphorylation analysis of the CTNNB1 protein in different tumors. On the basis of the CPTAC dataset, we analyzed the difference in the expression 
level of the CTNNB1 phosphoprotein between normal tissue and primary tissue of selected tumors via UALCAN. (A) The phosphoprotein sites with positive 
results are displayed in the schematic diagram of the CTNNB1 protein. (B) Box plots for different cancers, including breast cancer, clear cell RCC, LUAD, GBM, 
LIHC, and PAAD, are shown.

http://links.lww.com/MD/N828
http://links.lww.com/MD/N828
http://links.lww.com/MD/N828
http://links.lww.com/MD/N828
http://links.lww.com/MD/N828
http://links.lww.com/MD/N828
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proteins targeting CTNNB1 and specific genes and then carried 
out enrichment analysis. On the basis of the STRING tool, 50 
CTNNB1-binding proteins were identified, which was consis-
tent with the experimental results. After the interactions of these 
proteins are analyzed, corresponding networks are established, 
as shown in Figure 7A below. During the study, the GEPIA2 
tool was used to compare the expression data of various types 
of tumors in the TCGA, and genes related to the expression of 
CTNNB1 were obtained. After sequencing, the top CTNNB1-
correlated genes in the TCGA projects were identified, and we 
analyzed the expression correlation between CTNNB1 and 
selected target genes. The correlation analysis results revealed a 
positive correlation between the expression levels of CTNNB1 
and those of protein phosphatase 4 regulatory subunit 2 
(PPP4R2) (R = 0.641), homolog family member A (RHOA) 
(R = 0.663) and sprouty-related EVH1 domain containing 
1 (SPRED1) (R = 0.609) genes (all P < .001) (Fig. 7B and C). 
We additionally assessed the relationships between the above 3 
genes and CTNNB1 in the GTEx, TCGA, and CCLE databases 
(Fig. 8A–C). The results of KEGG enrichment analysis are shown 
in Figure 7E and GO analysis in Figure 7D. According to the 
results shown in this figure, the “Wnt pathway” and “metabolic 

pathway” participate in the regulatory effect of CTNNB1 on 
pathological changes in tumors. The results of the GO enrich-
ment analysis revealed that these genes were closely related to 
the negative regulation of the typical Wnt signaling pathway 
and participated in the pathological regulation of intestinal epi-
thelioma via the Wnt signaling pathway. Pathways related to 
molecular function and cellular components (see Figures S12–
S14, Supplemental Digital Content, http://links.lww.com/MD/
N828, which shows 3 signaling pathways associated with the 
enriched genes, diagram of the Wnt signaling pathway pattern, 
and the cnetplot for the biological process and cellular compo-
nent results from the GO analysis).

4. Discussion
Researchers have reported that CTNNB1 is linked to a wide 
range of clinical illnesses and cancers. CTNNB1 may share 
biological pathways with other cancers, but further research is 
needed to confirm this. No articles on the anticancer effects of 
CTNNB1 could be found, despite our best efforts.

In the absence of Wnt ligands, CTNNB1 interacts with other 
proteins, such as APC, Axin, CK1, and GSK3. Phosphorylation 

Figure 5.  Correlation analysis between CTNNB1 expression and immune infiltration of cancer-associated fibroblasts. (A) Different algorithms were used to 
explore the potential correlation between the expression level of the CTNNB1 gene and the infiltration level of cancer-associated fibroblasts across all types of 
cancer in the TCGA. (B) Significant relationship was found in particular tumors.

http://links.lww.com/MD/N828
http://links.lww.com/MD/N828
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of CTNNB1 by CK1 (CK1) and GSK3 causes ubiquitination 
and protease degradation. The proteolytic activity of Wnt and 
GSK3 leads to the phosphorylation of LRP5/6, which in turn 
causes Axin to be transported to the cell membrane. However, 
the level of intracellular Axin is insufficient for CTNNB1. 
CTNNB1 is phosphorylated in the nucleus by T-cell factor 
(TCF). CTNNB1 and LEF1 in the nucleus inhibit the activity 
of E-transcriptional cadherin, causing epithelial–mesenchymal 
transition.

The relevant “HomoloGene” data in this study also revealed 
the stability of the CTNNB1 protein structure in various species 
(see Figure S3, Supplemental Digital Content, http://links.lww.
com/MD/N828, which shows HomoloGene and phylogenetic 
tree analysis), revealing that similar mechanisms for the func-
tion of CTNNB1 exist. Clinical diseases, such as tumors, have 
been linked to CTNNB1 in recent studies. However, it remains 
to be determined whether CTNNB1 has similar biological 
mechanisms in various tumors. We searched for an article on 
the pancancer analysis of CTNNB1 but did not find 1.

CTNNB1 binds to APC and GSK3β among Wnt ligands.[20] 
GSK3β sequentially phosphorylates CTNNB1, leading to the 
ubiquitination of CTNNB1.[21] Among the Wnt ligands, CK1γ 
and GSK3β are responsible for mediating LRP5/6 and Dsh 
phosphorylation. This results in LRP5/6 and Dsh recruiting 
Axin as a complex to the cell membrane.

Because of the restricted level of intracellular Axin,[22] 
CTNNB1 expression is also very limited. When it forms 

complexes with other proteins belonging to the LEF fam-
ily (LEF/TCF), the cytoplasmic unphosphorylated form of 
CTNNB1 translocates to the nucleus of the cell and works as 
a transcriptional activator there.[23] CTNNB1 is responsible for 
decreasing the transcriptional activity of E-cadherin. This occurs 
via the formation of a complex with LEF1 in the nucleus.[24]

The Wnt pathway is a dominant pathway related to CTNNB1 
and is a highly conserved signaling pathway among species. If 
mutations in key proteins of this pathway alter signaling, cancer 
development may occur. For example, in normal colonic epithe-
lial cells, secreted frizzled-related proteins (SFRPs) compete with 
Wnt for binding to the frizzled family receptor (FZD), thereby 
antagonizing Wnt signaling. When Wnt signaling is inactivated, 
APC phosphorylates β-catenin (CTNNB1), which degrades and 
prevents the deposition of β-catenin, resulting in a cell differ-
entiation phenomenon, thus keeping the colonic epithelium in 
a state of dynamic equilibrium.[25] There are many studies on 
CTNNB1 mutations in colorectal cancer.[26–28] According to the 
relevant statistical results, the incidence of CTNNB1 mutation 
in adenoma (12.5%) is significantly greater than that in invasive 
cancer, but this mutation occurs in the early stage of colorec-
tal cancer. Comparative analysis revealed that the effect of this 
mutation on cancer pathological processes is similar to that of 
APC mutation.[29,30]

First, we used the GEPIA2 tool to detect the relationship 
between the CTNNB1 level and the OS of ovarian cancer 
patients. Moreover, in this research, the OncoLnc tool was 

Figure 6.  Correlations between CTNNB1 expression and immune features, including immune marker sets, TMB and MSI, in cancers. (A) Correlations between 
CTNNB1 expression and immune marker sets. (B) Lollipop chart of the correlation between CTNNB1 expression and TMB. (C) Lollipop chart of the correlation 
between CTNNB1 expression and MSI.

http://links.lww.com/MD/N828
http://links.lww.com/MD/N828
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also used to conduct Cox regression analysis on the TCGA-OV 
cohort, and the results were statistically analyzed. No signifi-
cant correlation was found (P = .55). In addition, we applied 
the K–M plotter method to perform a series of survival analy-
ses in ovarian cancer patients in the GSE cohorts (GSE15622, 
GSE19829, etc). We found an obvious relationship between the 
CTNNB1 level and prognosis in terms of PFS (P = .034) and 
postprogression survival (PPS) (P = .011) but no significant 
correlation between the CTNNB1 level and OS (HR = 1.15, 
P = .064), which was different from the results of the pancancer 
survival analysis (OS for OV (HR = 1.37 P = .02)) via the K–M 
plotter tool. These results suggest that a low level of CTNNB1 
is related to a worse prognosis in terms of OS for ovarian can-
cer patients in the “histology: serous,” “debulk: optimal” and 
“TP53 mutation status: wild type” subgroups.

In summary, current clinical databases do not provide 
enough evidence to verify the role of CTNNB1 in progno-
sis. In the binary staging of epithelial ovarian cancer, type II 
mainly exhibits BRCA1 or BRCA2 gene mutations, which are 

associated with DNA homologous recombination repair dam-
age.[31] PARP inhibitors can bind to tumor cells during homol-
ogous recombination repair to cause their death.[32] BRAF 
(38%), KRAS (19%), p53 (8%), and PIK3CA mutations are 
present in clear cell carcinoma, and ARID1A (50%) mutations 
are present in low-grade plasmacytomas.[33,34] Endometrioid 
ovarian carcinoma has a high frequency of CTNNB1 muta-
tions,[35] and the frequency of KRAS mutations in mucinous 
ovarian carcinoma is close to 100%.[36] As a result, the differ-
ences between OC subtypes may imply a relationship between 
etiologic and spectrum effects to improve the prognosis of OC 
patients.

Upregulation of CTNNB1 was related to a worse prognosis, 
especially in ACC. However, there were no data on ACC on the 
K–M plotter website. Additionally, our differential methylation 
analysis of ACC tumor tissue and adjacent normal tissue did not 
identify CTNNB1 as one of the differentially methylated genes. 
Thus, more clinical features should be considered. Second, more 
molecular experiments are needed to determine whether high 

Figure 7.  Enrichment analysis of CTNNB1-related genes. (A) We first obtained the available experimentally determined CTNNB1-binding proteins via the 
STRING tool. (B) Using the GEPIA2 approach, we also obtained the top 100 SND1-correlated genes in TCGA projects and analyzed the expression correlation 
between SND1 and selected target genes, including PPP4R2, RHOA, and SPRED1. (C) The corresponding heatmap of the detailed cancer types is shown. (D) 
The cnetplot for the molecular function data in the GO analysis is also shown. (E) KEGG pathway analysis of the CTNNB1-binding and interacting genes was 
performed.
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CTNNB1 expression is a dominant factor in the development 
of ACC or is simply an effect of tumor changes.

Tumor immunotherapy can activate the body’s antitumor 
immune system. The related therapies mainly include monoclo-
nal antibody ICIs, cancer vaccines, cell therapy and other meth-
ods, each of which has a certain scope of application. The results 
of relevant experimental studies have shown that TIIC has a 
significant effect on the prognosis of different cancers.[37] In this 
study, we analyzed 60 major immune checkpoint genes, inves-
tigated the correlation between gene expression and immune 
checkpoint expression, and then calculated and analyzed the 
correlation between gene expression and CTNNB1 expression. 
High expression of PD-1 and PD-L1 in TIICs generally indicates 
a poor prognosis.[38] CTNNB1 was positively correlated with 
tumor pathological stage and negatively correlated with TIIC 
infiltration levels. The above results suggest that the expression 
of CTNNB1 affects the degree of tumor invasion. The results 
of this study revealed a certain correlation between the expres-
sion of CTNNB1 and TMB in all TCGA tumors. MSI is asso-
ciated with a greater risk of cancer, which is manifested mainly 
by increases in the TMB and lymphocyte count.[39] TMB can be 

considered a potential biomarker for predicting the response to 
immune checkpoint blockade[40,41] and a very valuable predic-
tor of the outcome of ICI therapy.[42,43] Furthermore, Thomas 
reported that the TMB strongly influences the immune-related 
survival of lymphoid neoplasm diffuse large B-cell lymphoma 
patients.[44] Recent studies have identified a potential biomarker 
role for CTNNB1 mutation in predicting the immunotherapy 
response in HCC patients.[45,46] In this context, our study pro-
vides prospective suggestions on the function of CTNNB1 in 
tumor immunology.

5. Conclusion
GTEx and CCLE datasets were applied to calculate coeffi-
cients between the 3 genes with the highest correlations to the 
CTNNB1 gene. CTNNB1-binding genes and CTNNB1-related 
genes from all malignancies were analyzed to identify a Wnt 
signaling pathway that may contribute to carcinogenesis. For 
THYM and UCEC, there was a statistically significant cor-
relation between CTNNB1 and CD8 + T-cell infiltration levels 

Figure 8.  Correlation analysis between CTNNB1 and PPP4R2, RHOA and SPRED1 in the GTEx (A) and TCGA cohorts (B) and CCLE cell lines (C).



12

Xu et al.  •  Medicine (2024) 103:44� Medicine

when deconvolution methods were applied. For the first time, 
CTNNB1 expression and cancer-associated fibroblasts were 
found to be connected in different cancers.

Although we analyzed and integrated data from several 
sources, the current study has several drawbacks. The bioin-
formatics analysis of CTNNB1 in malignancies provided us 
with some useful insights; however, biological experiments are 
necessary to verify the above results and improve its utility. A 
better understanding of how CTNNB1 operates at the cellular 
and molecular levels will require additional research in this 
area. The posttranslational changes in CTNNB1, which are 
crucial for altering the action of relevant adjusting factors, are 
not included in the above databases. Although the CTNNB1 
level has been reported to be related to immunity and clinical 
survival in patients with malignancies, we are unsure whether 
CTNNB1 influences patient survival through immunological 
pathways. There is a clear relationship between CTNNB1 lev-
els and prognosis, as researchers have concluded. CTNNB1 
is related to poorer outcomes and has been shown to be ele-
vated in a variety of cancers, making it a potential new target 
for cancer therapy. CTNNB1 plays a very dominant role in 
carcinogenesis and metastasis, suggesting that the expression 
of CTNNB1 may influence tumor immunology and metabolic 
activity. Future studies on the level of CTNNB1 and the cor-
responding immune milieu of tumors may reveal options for 
tumor immunotherapy.
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