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Background: To date, breast cancer remains the most common malignant tumor in
women. In recent years, a growing number of studies on polycomb proteins have been
conducted. The Ring finger protein1 (RING1), an essential component of the polycomb
family of proteins, plays vital roles in the tumorigenesis of various cancer types. However,
further research is required in determining RING1 expression and prognostic value in
breast cancer.

Method: RING1 expression level in multiple cancer types was evaluated using the XENA
and UALCAN databases. Real-time quantitative PCR (real-time qPCR) and
immunohistochemistry (IHC) were used to confirm this expression. The prognostic
value was analyzed using our follow-up data and the Kaplan–Meier plotter website.
RING1 co-expressed genes and its promoter methylation level were calculated using the
cBioPortal and UALCAN online tools. The gene ontology (GO) and the Kyoto encyclopedia
of Genes and Genomes (KEGG) pathway enrichment were analyzed using the DAVID
online analysis tool.

Result: RING1 expression was upregulated in CHOL (Bile Duct Cancer), ESCA
(Esophageal Cancer), LIHC (Liver Cancer), and PCPG (Pheochromocytoma &
Paraganglioma). However, its expression level was decreased in COAD (Colon Cancer),
KICH (Kidney Chromophobe), KIRP (kidney papillary cell carcinoma), THCA (Thyroid
Cancer), and BRCA (Breast carcinoma). RING1 low expression is an unfavorable
prognostic factor in many cancer patients, especially in breast cancer patients. For
breast cancer, the IHC result showed that RING1 protein expression significantly and
negatively correlates with tumor size (P = 0.029), LNM (P = 0.017), TNM stage (P = 0.016),
ER (P = 0.005), Ki67 (P = 0.015), and p53 status (P = 0.034). Moreover, the multivariate
Cox regression model indicated that RING1 (P = 0.038) and ER (P = 0.029) expressions
were independent prognostic markers for breast cancer. RING1 co-expressed genes
were selected and included HDAC10, PIN1, CDK3, BAX, and BAD. GO analysis and
KEGG pathway analyses revealed that RING1 related genes, were mainly enriched in
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“regulation of transcription”, “apoptotic process”, “protein transport”, “protein binding”,
“Notch signaling pathway”, and “Homologous recombination”.

Conclusion: RING1 expression was downregulated in breast cancer, and its low
expression was associated with worse disease outcomes. RING1 may act as a new
prognostic biomarker for breast cancer.
Keywords: ring finger protein1 (RING1), breast cancer, prognostic factor, differentially expressed genes, survival,
biomarker, functional enrichment analysis
INTRODUCTION

The polycomb group of proteins consists of two major polycomb
repressive complexes (PRCs): PRC1 and PRC2 (1) that are
known to play an important role in stem cells’ self-renewal (2)
and in the regulation of tumorigenesis (3, 4). The transcription
factor RING1 is a member of PRC1 that contains the RING
finger motif. It has been found to be associated with several
regulatory proteins and plays an important role in regulating cell
proliferation and transformation (5–7). Recent studies have
showed that RING1 is overexpressed in various types of
human cancers, including lymphoma, non-small cell lung
cancer, and prostate and liver cancers (8–12). RING1 interacts
with several human PcG proteins, indicating that RING1
plays an important role within the PcR complex. RING1
overexpression leads to cellular transformation via enhancing
the expression of the proto-oncogenes, c-jun, and c-fos (5). A
recent study reported that Ring1 is upregulated in hepatocellular
carcinoma tissues and that it can directly ubiquitinates p53 and
promotes cancer cell proliferation, leading to poor outcomes in
patients (11). Moreover, RING1 overexpression induces the
transformation of hepatic progenitor cells into cancer stem
cells through the activation of the Wnt/b-catenin signaling
pathway (13). These pieces of evidence highlighted the
importance of RING1 in malignant transformation and
hepatocellular carcinoma development. However, RING1 role
in breast cancer is largely unexplored.
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In this study, the dysregulation of RING1 was observed in
multiple types of cancers and was associated with poor outcomes.
Moreover, we found that the low RING1 expression predicts
poor survival in breast cancer. We further investigated the
relationship between RING1 expression and breast cancer
clinicopathological features. Then the potential function of
RING1 was explored using bioinformatic analyses of public
datasets. Overall, the obtained results indicate that RING1 is
associated with breast cancer tumorigenesis and that it can be
used as a prognostic biomarker for breast cancer.
METHOD AND MATERIALS

The Ring Finger Protein1 mRNA
Expression, Methylation Status, and
Survival Analysis
The UCSC XENA browser (14) was used for the evaluation of
RING1 mRNA expression level, methylation status, and overall
survival time in breast cancer and Pan-cancer. UALCAN (http://
ualcan.path.uab.edu) is a comprehensive, user-friendly, and
interactive web resource for analyzing TCGA and MET500
data, and that was used to explore the mRNA expression and
methylation status based on various molecular subtypes of breast
cancer (15). The Kaplan–Meier plotter (http://kmplot.com//
analysis) can assess the prognostic value of 54k genes (mRNA,
miRNA, protein) in 21 cancer types. The primary aim of this tool
was to discover and validate survival biomarkers that were
mainly based on GEO, TCGA, and EGA databases (16). In this
study, Kaplan–Meier plotter in breast cancer or Pan-cancer was
used to detect the OS, RFS, and DMFS of RING1 to explore its
prognostic value in human cancers.

Tissue Microarrays and
Immunohistochemical Staining
A tissue microarray (TMA) that included 237 breast cancer
samples and 19 normal tissues, and 30 breast cancer and
paired normal breast tissue slides that were collected by the
Harbin Medical University Cancer Hospital, was generated
according to a previously described method (17). Informed
consent from each patient who participated in this study was
obtained. Briefly, the tissue section was baked, deparaffinized,
hydrated, and antigen retrieved in citrate buffer (pH 6.0). The
TMA was incubated with a peroxidase blocking solution and
then with a RING1 primary antibody at a 1:100 dilution (Abcam,
February 2021 | Volume 10 | Article 618768
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Cambridge, MA, USA). After three times washing with PBS, the
slide was incubated with secondary antibodies for 1 h at room
temperature, and DAB was used as a chromogen. Subsequently,
the section was counterstained with hematoxylin, and the IHC
scoring was performed as previously described by Dong et al.
(18). RING1 expression was independently analyzed and scored
by two observers and was based on the intensity and the
distribution of positively stained tumor cells, which were
demarcated by nuclear yellow particles. The histologic score
was calculated by multiplying the intensity and distribution
values. Briefly, the distribution of positive cells was scored as
follows: 0 (no positive cells); 1 (<25%); 2 (25–50%); 3 (50.01–
75%); and 4 (>75%). The staining intensity was graded as follows:
0 (no signal); 1 (weak); 2 (moderate); and 3 (strong). A total score
with a possible range of 0 to 12 was calculated and graded as
follows: negative (score: 0), weak (score: 1–2), moderate (score:
3v6) or strong (score: 7–12). Scores of “ negative” and “weak”
were considered to indicate low expression levels, whereas scores
of “moderate” and “strong’ were considered to indicate high
expression levels.

Screening for The Ring Finger Protein1
Co-Expressed Genes and Correlative
Analysis of The Ring Finger Protein1
Expression
cBioPortal (https://www.cbioportal.org/) can analyze the
genomic data of tumor samples through multifunctional
visualization and realize the integrated analysis of complex
tumor genome and clinical features (19). This study used the
gene expression information from the BRCA database (TCGA,
Nature2012) of the cBioPortal platform and the UALCAN web
tool to screen for RING1 co-expression genes. The Spearman
correlation coefficient was set to |R|≥0.3 as the screening
condition for co-expressed genes. The correlation between
RING1 mRNA expression and its promoter methylation level
or co-expressed genes was analyzed using cBioPortal.

Gene Ontology Term and Kyoto
Encyclopedia of Genes and Genome
Pathway Analysis of The Ring Finger
Protein1 Co-Expressed Genes
The Database for Annotation, Visualization, and Integrated
Discovery (DAVID; https://david.ncifcrf.gov/) is an
integrated biological information database that can provide
a comprehensive annotation information on a biological
function for a large-scale gene list (20). To understand the
function of RING1 co-expression genes, Kyoto Encyclopedia
of Genes and Genomes (KEGG) pathway (21) and Gene
Ontology (GO) enrichment analyses (22) were analyzed by the
DAVID platform.

Statistical Analysis
The analysis of RING1 expression between two groups was
examined by the t-test or chi-square using Graphpad prism 8.0
(version 8.0; GraphPad, San Diego, CA, USA). The c2 test was
performed to determine the correlation between RING1
expression and the clinicopathological features using the SPSS
Frontiers in Oncology | www.frontiersin.org 3
software (version 22; SPSS, Chicago, IL, USA). The overall
survival was estimated using the Kaplan–Meier method.
P < 0.05 was considered significant.
RESULTS

The Ring Finger Protein1 Is Differently
Expressed in Human Pan-Cancer and
Reveals a Unique Prognostic Factor for
Cancer Patients
RING1 transcriptional level in various human cancers was
analyzed using TCGA database. Compared with solid normal
tissue groups, RING1 mRNA expression level was significantly
upregulated in the primary tumor groups (Figure 1A). The result
also showed that RING1 expression was upregulated in several
types of cancers, including CHOL (Bile Duct Cancer), ESCA
(Esophageal Cancer), LIHC (Liver Cancer), and PCPG
(Pheochromocytoma & Paraganglioma) (Figure 1B) and when
compared to their non-cancer counterpart tissues. Besides, we
noticed that RING1 expression level was decreased in COAD
(Colon Cancer), KICH (Kidney Chromophobe), KIRP (kidney
papillary cell carcinoma), and THCA (Thyroid Cancer) when
compared to the corresponding normal tissues (Figure 1B).

Moreover, RNA-Seq data of 9,130 pan-cancer samples from
TCGA datasets was analyzed using the XENA website tools to
explore the correlation between the RING1 mRNA expression
level and survival status in patients. The Kaplan–Meier curve and
log-rank test results revealed that patients with high RING1
mRNA expression level have higher OS (overall survival)
compared to the low expression group (Figure 1C).

We further conducted survival analyses using the website of
Kaplan–Meier Plotter to determine whether RING1 has a
favorable or unfavorable prognostic role in different types of
cancers in patients. We found that RING1 lowmRNA expression
is related to worse OS in ESCC (esophageal squamous cell
carcinoma), KIRP (kidney papillary cell carcinoma), LUAD
(lung adenocarcinoma), OV (ovarian cancer), PDAD
(pancreatic ductal adenocarcinoma), and THYM (thymoma)
(Figures 2A–F). Breast cancer patients with an increased
RING1 mRNA level had better OS, RFS, and DMFS than those
with a low expression level (Figures 2G–I). When combining
these results with the result of the expression profiling analysis,
we found that RING1 low expression is an unfavorable cancer
prognostic factor.

Relationship Between The Ring Finger
Protein1 Expression and
Clinicopathological Parameters of Breast
Cancer Patients
Next, we then focused our study on the role of RING1 in breast
cancer. Considering that invasive ductal carcinoma (IDC) and
invasive lobular carcinoma (ILC) are the two most common
pathological types of breast cancer, we first analyzed RING1
expression level in breast cancer, based on histological subtypes.
The results showed that RING1 is downregulated in IDC
February 2021 | Volume 10 | Article 618768
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compared to ILC (Figure 3A). Moreover, we found that in the
IDC subgroup, patients with a high RING1 expression level had
better OS than those with low RING1 expression level (Figure
3B). Unfortunately, the relationship between RING1 expression
and patient survival status was not found to be statistically
significant in the ILC subgroup (Figure 3C).

RING1 protein expression in breast cancer and normal tissue
was investigated using IHC on a tissue microarray (TMA),
containing 237 human breast cancer specimens and 24 normal
tissues (Figure 4). As shown in Figure 3D and Table 1, a low
RING1 expression level was found in 164 out of 237 (69.2%)
breast cancer specimens; however, this level of expression was
only found in a small proportion (20.83%) of normal tissues. The
results showed a significantly lower RING1 expression in breast
cancer compared to that in normal tissues (P = 0.0003).
Moreover, IHC analysis of 30 breast cancer slides and paired
normal tissues also supported the above conclusion
(Supplementary Figure 1). Consistent with previous research
results, we found that RING1 low protein expression was
associated with poor overall survival in breast cancer patients
(Figure 3E). Next, we analyzed the correlation between RING1
protein expression and a series of clinicopathological features,
including patient and tumor characteristics. As shown in Table
2, RING1 protein expression significantly and negatively
correlated with tumor size (P = 0.029), LNM (P = 0.017),
TNM stage (P = 0.016), ER (P = 0.005), Ki67 (P = 0.015), and
P53 status (P = 0.034). However, there were no significant
associations between RING1 protein expression and age
Frontiers in Oncology | www.frontiersin.org 4
(P = 0.574), histologic grade (P = 0.074), PR (P = 0.157), and
Her-2 status (P = 1.00). Univariate and multivariate analyses
were performed to explore the potential clinical significance of
RING1 expression in breast cancer. The univariate analysis
showed that ER (P = 0.008), P53 (P = 0.013), and RING1 (P =
0.015) were protective factors in breast cancer prognosis, while
Her-2 was a risk factor. Moreover, the multivariate Cox
regression model indicated that RING1 expression (P = 0.038)
and ER (P = 0.029) were independent prognostic markers
(Table 3).

Taken together, these results show that RING1 is expressed a
low level in breast tumors and may serve as an unfavorable
prognostic maker.
The Ring Finger Protein1 Expression Is
Downregulated by Promoter
Hypermethylation
Since promoter hypermethylation is an important cause for a low
expression of a tumor suppressor gene in cancer (23, 24), we
hypothesized that the low expression of RING1 is regulated by its
promoter hypermethylation. To validate this hypothesis, we
investigated whether the DNA methylation level of the RING1
promoter was upregulated in breast cancer tissues compared to
normal tissues. As expected, using the UALCAN dataset (http://
ualcan.path.uab.edu), we found that the level of DNAmethylation
of the RING1 promoter was higher in breast cancer tissues
compared to that in normal tissues (P < 0.0001) (Figure 5A).
A

B

C

FIGURE 1 | RING1 is differently expressed in human pan-cancer and is a unique prognostic factor for cancer patients. (A) RING1 mRNA level was upregulated in
primary tumor group compared to normal solid tissues. (B) RING1 expression level was analyzed in human pan-cancer according to The Cancer Genome Atlas
(TCGA) dataset. The red columns indicate cancer tissues, and the blue columns indicate normal tissues. (C) Kaplan–Meier survival analysis for pan-cancer by log-
rank test. All the above results were obtained from the XENA website. **p < 0.01; ***p < 0.001; ****p < 0.0001.
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Moreover, we also calculated the correlation between RING1
mRNA expression and its promoter DNA methylation via the
cBioPortal online tool (http://www.cbioportal.org/) for breast
invasive carcinoma (The Cancer Genome Atlas, nature 2012),
which includes Pearson’s correction. The results showed a
significantly negative correlation between RING1 mRNA
expression and its promoter DNA methylation level (Figure
5B). Furthermore, we analyzed RING1 mRNA expression and
its promoter DNA methylation level in each subgroup according
to PAM50 subtypes. Compared with the normal, luminal, and
TNBC groups, RING1 expression in the HER2 group was
significantly reduced; however, its promoter methylation level
was significantly increased in the HER2 group (Figures 5C, D).
Taken together, these data indicate that RING1 expression is
reduced due to the upregulation of its promoter hypermethylation.
Frontiers in Oncology | www.frontiersin.org 5
Functional and Pathway Enrichment
Analyses of The Ring Finger Protein1
Co-Expressed Genes in Breast Cancer
Since co-expression gene analysis is a systematic and effective
method to analyze the potential regulatory pattern of a target
gene (25), RING1 co-expressed genes were calculated by
analyzing their mRNA expression via the cBioPortal and
UALCAN online tools for breast invasive carcinoma (The
Cancer Genome Atlas, PanCancer Atlas). A total of 2,275 and
998 co-expressed genes, with a Spearman or Pearson correlation
coefficient ≥0.3, were screened through the cBioPortal and
UALCAN databases, respectively (Supplemental File 1). As
shown in the Venn diagram, a total of 778 co-expressed genes
overlapped among the two datasets (Figure 6A). The results
identified several significantly positive co-expressed genes,
A B

D E F

G IH

C

FIGURE 2 | RING1 high expression is associated with better outcome. RING1 high expression is associated with better OS in ESCC (A), KIRP (B), LUAD (C), OV
(D), PDAD (E), and THYM (F); RING1 high expression is associated with better OS (G), RFS (H), and DMFS (I) in breast cancer. All the above Kaplan–Meier survival
curves were performed via the Kaplan–Meier plotter web tool. OS, overall survival; RFS, relapse free survival; DMFS, distant metastasis free survival; ESCC,
esophageal squamous cell carcinoma; KIRP, kidney papillary cell carcinoma; LUAD, lung adenocarcinoma; OV, ovarian cancer; PDAD, pancreatic ductal
adenocarcinoma; THYM, thymoma; HR, hazard ratio.
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including HDAC10, PIN1, CDK3, BAX, and BAD (Figures 6B–F).
Their functional and pathway enrichment analyses were performed
using DAVID online tool (https://david.ncifcrf.gov/). The Go
enrichment analysis was composed of three aspects: biological
processes, cellular components, and molecular functions. For the
biological process function, the genes were mainly enriched in GO
Frontiers in Oncology | www.frontiersin.org 6
terms, such as, regulation of transcription, apoptotic process, and
protein transport (Figure 7A). Notably, the cell component
enrichment of those genes mostly involved the nucleus,
cytoplasm, and nucleolus (Figure 7B). Regarding the molecular
function, the genes were mainly enriched in protein, metal ion, and
nucleotide binding (Figure 7C). The enriched KEGG pathway
A B

D E

C

FIGURE 3 | RING1 was downregulated in breast cancer and predicted poor outcome. (A) Analysis of RING1 mRNA expression level in IDC and ILC according to
the TCGA data. Kaplan–Meier survival analysis for patients with IDC (B) or ILC (C) by log-rank test and according to the TCGA data. (A–C) results were calculated
by the XENA web tool. (D) Quantification of positive and negative RING1 expression in breast cancer and normal tissues by c2 test. (E) High expression of RING1 is
correlated with better overall survival. IDC, Infiltrating Ductal Carcinoma; ILC, Infiltrating Ductal Carcinoma; ***p < 0.001, ****p < 0.0001.
FIGURE 4 | Representative immunohistochemical staining of RING1 for negative, weak, moderate, and strong expression levels in tissue microarray. Scale bar,
20 mm. ND, not detected.
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included the Notch signaling pathway, viral carcinogenesis,
spliceosome, homologous recombination, protein processing in
the endoplasmic reticulum, and RIG-I-like receptor signaling
pathway (Figure 8). Taken together, these results suggest that
RING1 may play a crucial biological function in breast
cancer tumorigenesis.
DISCUSSION

Due to the limited number of studies, the role of RING1 in
breast cancer is unclear. In this study, we found that RING1
is downregulated in breast cancer and that its low level
of expression is associated with better OS, RFS and DMFS
(Figure 2 and Figures 3B–D). Moreover, we provided
evidence that the reduction of RING1 expression is associated
with the upregulation of its promoter methylation (Figure 5).
Frontiers in Oncology | www.frontiersin.org 7
In light of our results that showed that RING1 protein expression
significantly and negatively correlates with tumor size, LNM,
TNM stage, ER, Ki67, and P53 status (Table 2), it is adequate to
suggest that RING1 plays a key role in promoting breast cancer
cells’ growth and metastasis, though the activation of p53 protein
expression. In addition, the multivariate Cox regression model
indicated that RING1 and ER expression are independent
prognostic markers (Table 3). The bioinformatic analysis
indicated that RING1 may be involved in apoptosis and Notch
signaling pathway.

Cancer is considered a genetic disease, in which abnormal gene
expression causes tumor cells to lose normal characteristics (26).
One group of genes that plays a vital role in maintaining normal
cellular characteristics belongs to the Polycomb group (PcG).
Polycomb group (PcG) proteins consist of two major polycomb
repressive complexes: PRC1 and PRC2 (1, 2). RING1 that was first
discovered as a transcriptional repressor that exerts tumorigenic
activity, is a central component of PRC1. Together with RNF2 and
BMI1, these factors act as a E3 ubiquitin ligase that
monoubiquitinate histone H2A. However, only a limited number
of studies on the role of RING1 in cancer, is available. In this study,
we first found that RING1 was abnormally expressed in different
type of cancers. RING1 expression was significantly elevated in
some cancers, such as liver cancer, whereas its expression was
decreased in other solid cancers, such as Colon Cancer (Figure
1A). Regarding its prognostic value, previous studies considered
that RING1 overexpression is an unfavorable prognostic factor in a
part of tumors, however, an obvious heterogeneity that affected the
prognostic value, was found in other tumors. These two opposite
reports make the exact prognostic value of RING1 uncertain. This
study indicated that RING1 overexpression predicts better
prognosis in some type of cancers (Figure 2).

Previous studies proved that the RING1 protein was
ubiquitously expressed in different types of normal tissues. For
cancer, recent studies have shown that the abnormal gene
expression of RING1 leads to the development of a variety of
cancers (27). RING1 was significantly overexpressed in high
GS (Gleason score) prostate cancer, extraprostatic extension,
and positive surgical margins, and can be used as a valuable
predictive marker for PSA recurrence after radical prostatectomy
(9). For bladder cancer, a study detected RING1 expression in
TABLE 1 | The protein expression level of RING1 in breast cancer compared to
normal tissues.

Type RING1, NO.% Total p-value

Positive Negative

breast cancer 73(30.80) 164(69.20) 237 <0.0001
normal 19(79.17) 5(20.83) 24
TABLE 2 | Correlation between RING1 expression and clinicopathologic
features.

Characteristics Cases RING1, NO.% p-value

Negative Positive

Age
<50 121 86(71.1) 35(28.9) 0.574
≥50 116 78(67.2) 38(32.8)

Tumor size
≤2cm 88 53(60.2) 35(39.8) 0.029
>2cm 149 111(74.5) 38(25.5)

LNM
<4 173 112(64.7) 61(35.2) 0.017
≥4 64 52(81.2) 12(18.8)

TNM stage
I 51 28(54.9) 23(45.1) 0.016
II, III 186 136(73.1) 50(26.9)

Histologic grade
I 45 26(57.8) 19(42.2) 0.074
II, III 192 138(71.9) 54(28.1)

ER status
Negative 83 67(80.7) 16(19.3) 0.005
Positive 154 97(63.0) 57(37.0)

PR status
Negative 47 37(78.7) 10(21.3) 0.157
Positive 190 127(66.8) 63(33.2)

Her-2 status
Negative 184 127(69.0) 57(31.0) 1.00
Positive 53 37(64.9) 16(30.2)

Ki67 status
≤20% 34 17(50.0) 17(50.0) 0.015
>20% 203 147(72.4) 56(27.6)

P53 status
Negative 76 60(78.9) 16(21.1) 0.034
Positive 161 104(64.6) 57(35.4)
TABLE 3 | Prognostic factors in Cox proportional hazards model.

Variables Univariate analysis Multivariate analysis

HR 95%CI P HR 95%CI P

ER status
positive/negative 0.458 0.259–0.812 0.008 0.523 0.293–0.934 0.029

PR status
positive/negative 0.873 0.434–1.752 0.704

Her-2 status
positive/negative 2.006 1.097–3.668 0.024

Ki67 status
positive/negative 2.607 0.809v8.396 0.108

P53 status
positive/negative 0.484 0.273–0.858 0.013

RING1 expression
positive/negative 0.368 0.165–0.823 0.015 0.423 0.187–0.955 0.038
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A B

DC

FIGURE 5 | RING1 expression is regulated by promoter methylation. (A) Analysis of the levels of RING1 promoter methylation in normal or primary breast tumors
according to TCGA using the XENA web tool. (B) The correlation between RING1 mRNA expression and its promoter methylation levels was analyzed using the
cBioPortal web tool. Analysis of RING1 mRNA expression (C) and promoter methylation levels (D) according to the PAM50 subgroup using the UALCAN web tool.
TCGA, The Cancer Genome Atlas; BRCA, Breast carcinoma; *p < 0.05; **p < 0.01; ***p < 0.001; ****p < 0.0001.
A B

D E F

C

FIGURE 6 | RING1 co-expressed genes in breast cancer. (A) A Venn diagram showing RING1 overlapped co-expression genes that were screened by cBioPortal
and UALCAN. RING1 mRNA expression correlates with the mRNA expression of HDAC10 (B), PIN1 (C), CDK3 (D), BAX (E), BAD (F). BRCA, breast carcinoma.
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85 of 93 samples, but the median relative expression was 19.98
(range 0–91.36) (28). Therefore, we speculated that RING1 is
expressed at a relatively low level in bladder cancer, which requires
further studies to prove. Although an anomalously low expression
Frontiers in Oncology | www.frontiersin.org 9
of RING1 was observed in a few proportions of Hodgkin and
Reed-Sternberg (HSR) cells, most of Hodgkin’s lymphoma (HS)
cases expressed a high level. Additionally, a RING1 and E2F6 co-
expression was found in the same HL cells (10).

RING1 was overexpressed in non-small cell lung cancer
(NSCLC), where it promoted cell growth. RING1 high
expression significantly correlated with short overall survival
and unfavorable prognosis (8). Interestingly, Wang et al.
reported that the LncRNA XIST promotes NSCLC growth and
metastasis by inhibiting the miR-744/RING1/Wnt/b-catenin
axis (29). At present, most of the research about RING1
focuses on liver cancer and RING1 overexpression was also
observed in hepatocellular carcinoma (HCC) specimens (11–
13). RING1 stabilized endogenous p53 protein level by targeting
p53 degradation, which ultimately promoted the migration and
proliferation of liver cancer cells (11). Chen et al. reported that
RYBP (RING1 and YY1 binding protein), another PcG complex
member, binds to MDM2 and reduces p53 ubiquitination,
leading to its stabilization (30). This result might support the
notion that PcG proteins, containing RING1 and RYBP, may be
involved in the regulation of p53 expression. RYBP plays a tumor
suppressor gene role in breast cancer by inhibiting breast cancer
cell proliferation and metastasis (31). Overexpression of RYBP
inhibits ESCC proliferation by downregulating CDC6 and
CDC45 in the G1-S phase transition and predicted a better
outcome of ESCC patients (32). As a binding protein of RING1
and YY1, RYBP can exert a tumor suppressor effect and a good
prognostic factor may depend on the role of RING1. These
A

B

C

FIGURE 7 | RING1 Go function enrichment and its co-expressed genes in breast cancer was predicted by the DAVID web tool. GO enrichment analysis based on
three aspects: (A) biological processes, (B) cellular components, and (C) molecular functions.
FIGURE 8 | RING1 KEGG pathway enrichment analysis and its co-
expressed genes in breast cancer was calculated by the DAVID web tool.
KEGG, Kyoto encyclopedia of Genes and Genomes.
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results may indicate that RING1 may play a tumor suppressor
genes’ role from another aspect. Zhu et al. found that RING1
overexpression promotes colony formation, cell multiplication
and invasion of hepatic progenitor cells (HPCs), and that it also
drives their malignant transformation by activating the Wnt/b-
catenin signal pathway (13). Consistently, Xiong et al. revealed
that the upregulation of RING1 expression accelerates the
proliferation of HCC cells by promoting cell cycle progression
and indicates poor prognosis (12).

To sum up, the expression of RING1 was found to significantly
vary among different cancer types suggesting that further
research is required to explore the potential role of RING1 cancer.
However, recently published studies on RING1 role in cancer are
preliminary, and additional in vivo and in vitro studies are needed to
clarify the function of RING1, especially in breast cancer.
Importantly, we have provided new evidence that RING1 is a
useful biomarker and a prognostic predictor in breast cancer.

CONCLUSION

In summary, our study found that RING1 expression was
downregulated in breast cancer, and its low expression was
associated with worse disease outcomes. RING1 may act as a
new prognostic biomarker for breast cancer.
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