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Introduction
Breast cancer is the most prevalent malignant tumor in women, 

and it is also the cause of the second highest death rate among 
cancer patients. Tumor-associated macrophages (TAMs) are the 
most common immune cells in the breast tumor microenvironment, 
and they govern breast cancer progression [1]. In the year 2020, 
685,000 people will have died from BC, out of a total of 2.3 million 
cases identified worldwide. A total of 7.8 million women were 
diagnosed with BC in the previous 5 years by the end of 2020 [2]. 
Out of a total of 2.3 million cases diagnosed worldwide, 685,000 
people will have died from BC by 2020. By the end of 2020, 7.8 
million women will have been diagnosed with BC in the previous 
five years [3]. Breast cancer has been classified as luminal A, 
luminal B, HER2-positive, and basal-like triple negative breast 
cancer (BL/TNBC) using histological categorization based on the 
expression of Estrogen Receptor (ER), Progesterone Receptor (PR), 
and/or human epidermal growth factor receptor-2 (HER2) [4]. 
Luminal cancer has the largest incidence (70%) and is followed by 
HER2-positive (15-20%) and triple-negative (15%) tumors, with  

 
triple-negative malignancies having the highest recurrence rate.  
Endocrinology-based therapy and chemotherapy are utilized to 
treat luminal tumors, depending on the tumor’s response [5].

TNBC is mostly treated with chemotherapy, with just a few 
alternatives for PARP inhibitors or immunotherapy [6]. Almost 
of refractory breast tumors develop resistance to second-line 
treatments at some point [7]. Chemotherapy is an important part 
of cancer treatment that can cause nausea, peripheral neuropathy, 
and a variety of organ damage. However, the most serious side effect 
of chemotherapy is cognitive impairment, often known as chemo 
brain or CICI (Chemotherapy-Induced Cognitive Impairment) [8]. 
Women with breast cancer need personal health-related tools 
because they assist them preserve their own health and well-being 
during various stages of their illness [9]. In addition, the discovery 
of the molecular basis of breast cancer has led to the development 
of gene therapy as a viable treatment option for this disease. Gene 
therapy is inserting genetic material into target cells via a vector, 
followed by gene correction, addition, or suppression. It is crucial 
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to target tumor cells while avoiding normal cells in this procedure 
[10]. Randomized Control Trials (RCTs), observational research, 
and computer model data all support mammography screening. 
Digital breast tomosynthesis is a new technology that improves 
the sensitivity and specificity of mammography by addressing 
constraints caused by overlapping breast tissue. [11]. Currently, 
the number of Circulating Tumor Cell (CTC) is a prognostic 
indicator of breast cancer overall survival, and Tumor Mutation 
Burden (TMB) can be used checkpoint inhibitors. Currently, 
clinical methods such as Polymerase Chain Reaction (PCR) and 
Next Generation Sequencing (NGS) are mainly adopted to evaluate 
these biomarkers, which are time-consuming and expansive [12]. 
Growing evidence has demonstrated that UBE2C plays a critical 
role in cancer progression, but there is no study focusing on the 
prognosis, upstream regulation mechanism, and immunological 
roles of UBE2C across diverse tumor types [13]. In this study, we 
found that UBE2C was elevated in this human pan-cancer analysis 
and that high expression of UBE2C was associated with poor 
prognosis. Finally, we showed that downregulation of UBE2C 
decreased cell viability and slowed proliferation of breast cancer 
cells. Our study elucidates that UBE2C promotes breast cancer cell 
proliferation through regulation of Bcl2, and that overexpression of 
Bcl2 reverses the inhibitory effect of downregulation of UBE2C on 
breast cancer cell proliferation and provides a prognostic indicator 
as well as a promising therapeutic target for breast cancer patients.

Experimental Method
Cell culture and reagents

Human normal breast epithelial cells MCF-10A and breast 
cancer cells MCF-7 were purchased from the Shanghai Institute of 
Cell Biology, Chinese Academy of Sciences (Shanghai, China). Cells 
were cultured with RPMI-1640 medium (Hy Clone, Logan City, 
UT) containing 10% fetal bovine serum (FBS, Gibco, Carlsbad, CA, 

USA), 100 U/mL penicillin, and 100 μg/ml streptomycin (Gibco, 
Carlsbad, CA, USA), and the culture flasks were placed in a constant 
temperature incubator at 37°C containing 5% CO2 [14,15].

Plasmid, siRNA transfection

 Plasmids or siRNAs were transfected in breast cancer cells 
in the following groupings: oe-NC, oe-UBE2C, si-NC, si-UBE2C, 
si-UBE2C + oe-Bcl2. 1 × 105 cells were inoculated in each well of 
a six-well plate, and when cell confluency reached 60-70%, 750μl 
optimem culture was first added to each well, and 125μl optimem 
and 5μl Lipo3000 (L3000001 , Invitrogen, Carlsbad, CA, USA) 
mixed and left for 5 min, then 125μl optimem and plasmid/siRNA 
mixed and left for 5 min, then both were mixed and left for 20 min, 
250μl of the solution was added to the wells, slightly shaken well, 
placed in the incubator, and the solution was changed after 16 h. 
After 48hr, cells could be extracted RNA, and cellular proteins can 
be extracted after 72 h for subsequent experiments [16].

qRT-PCR
Total intracellular RNA was extracted using Trizol reagent 

(15596026, Invitrogen, USA) according to the manufacturer’s 
instructions, followed by reverse transcription of RNA to cDNA 
following the procedure of the Prime Script RT reagent Kit 
(RR047A, Takara, Japan) kit, and finally using the Fast SYBR Green 
PCR kit (Applied biosystems) with ABI PRISM 7300 RT-PCR system 
(Applied biosystems) was used to quantify the RNA, and three 
secondary wells were repeated for each sample. GAPDH was used 
as an internal reference. The relative gene expression was analyzed 
by the 2 -ΔΔCt method, calculated as △Ct = CT(target gene)-CT(Internal reference), 
△△Ct = △Ct(test group)-△Ct(control group), and the average value was taken 
after three replicate experiments. All primers were purchased 
from Shanghai Biotech Biology, and the primer sequences were as 
follows Table 1.

Table 1: qRT-PCR primer sequences.

Gene Name Primer sequences

UBE2C
F: 5’-GACCTGAGGTATAAGCTCTCGC-3’

R: 5’-TTACCCTGGGTGTCCACGTT-3’

GAPDH
F: 5’-GACTCCACTCACGGCAAATTCA-3’

R: 5’-TCGCTCCTGGAAGATGGTGAT-3’

Table 2: List of antibodies.

Name of antibody molecular weight Dilution ratio Purchase source and product number

UBE2C 20kDa 0.736111111 CST, #14234

Bcl-2 26kDa 0.736111111 CST, #15071

GAPDH 37kDa 0.736111111 CST, #2118

Anti-rabbit IgG (secondary antibody)
 

0.736111111 CST, #7074

Anti-mouse IgG (secondary antibody) 0.736111111 CST, #7076

Western blot
The cells were removed, the cell surface was washed twice with 

PBS, 60μl of RIPA lysate + 1% protease inhibitor + 1% phosphatase 

inhibitor (Beyountian Biotechnology, Shanghai, China) was 
added and the cells were scraped off and lysed on ice for 45 min. 
after centrifugation at 4°C at 12000×g for 15 min, the protein 
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supernatant was aspirated and the protein concentration was 
measured using a BCA kit (Beyountian Biotechnology, Shanghai, 
China). , Shanghai, China) to detect the protein concentration. 
Add 1/4 volume of 5×Loading Buffer (Beyountian Biotechnology, 
Shanghai, China) to the protein solution and boil for 10 min at 
100°C to denature the proteins. 20 μg of each protein solution 
was separated by electrophoresis on a 10% SDS-PAGE gel. The 
strips were incubated overnight at 4℃ (12-16h) and washed three 
times with TBST solution for 5min each time after incubation. The 
strips were washed three times again with TBST solution after 
incubation for 1hr. ECL working solution (BM101, Biomiga, USA) 
was added dropwise to the strips and developed after 1min using 
a Bio Spectrum 600 imaging system (Ultra-Violet Products, UK). 
Protein strip gray values were calculated using Image J software, 
and the target protein gray value/GAPDH gray value was used as 
the relative protein expression. The experiments were repeated 
three times.

CCK8 cell viability assay
After digestion, the cells were centrifuged and the cell 

suspension was added to 96-well plates with 5×103cells per well, 
and 5 replicate wells were set up for each group. 24h later, the old 
medium was discarded and trastuzumab solution was added to 
each group for 0, 12, 24, 36, 48 and 60h. 10μl CCK8 reagent was 
added at the corresponding time points, and the absorbance OD 
value was detected at 450 nm using an enzyme marker. Cell viability 
was calculated by Graph Pad Prism7 software. The experiment was 
repeated three times [17,18].

Clone formation experiment
After transfection, the cells were seeded into six-well plates 

with 5×102 cells per well and incubated for two weeks. Cells were 
then fixed in methanol and then stained with crystal violet (Sigma-
Aldrich). The number of colonies containing more than 50 cells was 
counted manually [19].

Immunoprecipitation (Co-IP)
Cells were lysed with IP lysis buffer (Thermo Fisher, Inc) 

containing protease inhibitor (Sigma) and PMSF (Sigma) at 4°C for 
1h. After centrifugation at high speed for 20 min, the supernatant 
was incubated with primary antibody and protein magnetic bead A 
(Invitrogen) for 4h at 4°C in a rotating mix, and then the beads were 
washed four times with IP lysis buffer. The beads were then eluted 
with 1×SDS, and the eluate was quantified by protein BCA, and the 
immunoprecipitation results of the two proteins were detected by 
Western blot. Primary antibody: UBE2C (20 kDa, 1:30, ab252940, 
Abcam, USA), Bcl2 (26 kDa, #15071, Cell Signaling Technology, MA, 
USA) [20].

Statistical analysis
Statistical analyses were performed using SPSS 21.0 software 

(IBM, Armonk, NY, USA). Measured data were expressed as mean 
± standard deviation, and tests for normality and chi-squareness 
were performed. Paired t-tests were used to compare data within 
groups with normal distributions and equal variances, and unpaired 
t-tests were used to compare data between two groups. Data 
were compared between multiple groups by one-way Analysis of 
Variance (ANOVA) and Tukey’s post hoc test. Data from two groups 
at different time points were compared by repeated measures 
ANOVA. When data did not show normal distribution or equal 
variance, rank sum tests were performed. p < 0.05 was considered 
statistically significant.

Prediction of Results in the Literature 
UBE2C is highly expressed in breast cancer cells

The expression levels of UBE2C were examined in human 
normal breast epithelial cells MCF-10A and breast cancer cells 
MCF-7. qRT-PCR and Western blot showed that the expression of 
UBE2C was significantly higher in MCF-7 cells than in MCF-10A 
cells (Figures 1A-B).

Figures 1: UBE2C is highly expressed in breast cancer cells.
1A: qRT-PCR assay of mRNA levels of UBE2C in MCF-10A and MCF-7 cells; 1B: Western blot assay of protein levels of UBE2C 
in MCF-10A and MCF-7 cells; Cell experiments were repeated three times.
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Overexpression of UBE2C promotes proliferation of 
breast cancer cells

To understand the regulatory role of UBE2C in breast cancer, 
we transfected overexpressed or knocked down UBE2C by plasmid 
or siRNA. qRT-PCR and Western blot detected the transfection 
efficiency, and the results showed that: compared with the oe-
NC group, the expression of UBE2C increased in the oe-UBE2C 
group; compared with the si-NC group, the expression of UBE2C 

in the si-UBE2C group The results of CCK8 cell viability assay and 
clone formation assay showed that the cell viability increased and 
the proliferation rate accelerated after overexpression of UBE2C, 
while the cell viability decreased and the proliferation rate slowed 
down after knockdown of UBE2C (Figures 2A-D). The above 
results indicated that overexpression of UBE2C could promote the 
proliferation of breast cancer cells, and downregulation of UBE2C 
could lead to the opposite result.

2A: qRT-PCR to detect the transfection efficiency of overexpressing or knocking down UBE2C in MCF-7 cells; 2B: CCK8 
cell viability assay to detect the cell viability of each group of cells at 0h, 12h, 24h, 36h and 48h; 2C: clone formation 
assay to detect the number of cell colonies formed in each group of cells after 48h of culture; The cell experiments were 
repeated three times.
Figures 2: Overexpression of UBE2C promotes proliferation of breast cancer cells.

UBE2C promotes Bcl2 protein expression

To further investigate the role of UBE2C, we analyzed 
differentially expressed genes in MCF-7 cells with knockdown 
of UBE2C using microarray, and we screened a total of 269 
differentially expressed genes (Figure 3A) by setting a screening 
threshold of Log FC > 2.0 and adj P value < 0.05, and the heatmap 
demonstrates the top 30 differentially expressed genes (Figure 
3B), among which the expression of Bcl-2 was most significantly 

reduced. To determine whether UBE2C interacted with Bcl2 in 
breast cancer cells, we performed Co-IP assays in MCF-7 cells, 
and the results showed that there was specific binding between 
UBE2C and Bcl2 (Figure 3A). Western blot assay showed that the 
expression of Bcl2 was significantly higher in MCF-7 cells than in 
MCF-10A cells (Figure 3B). And Bcl2 protein expression increased 
after overexpression of UBE2C; Bcl2 protein expression decreased 
after knockdown of UBE2C (Figure 3C). The above results indicated 
that UBE2C could promote Bcl2 protein expression.
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Figure Note: A: microarray analysis of differentially expressed genes in MCF-7 cells with knockdown of UBE2C, vol-
cano plot showing differentially expressed genes; B: heat map showing the top 30 differentially expressed genes; C: 
Co-IP assay to verify that UBE2C interacts with Bcl2; D: Western blot detection of Bcl2 in MCF-10A and MCF-7 cells; E: 
Western blot to detect the protein level of Bcl2 after overexpression or knockdown of UBE2C. Cell experiments were 
repeated three times.
Figures 2: UBE2C promotes Bcl2 protein expression.

UBE2C promotes breast cancer cell proliferation through 
upregulation of Bcl2

We then further explored whether UBE2C affects breast cancer 
cell proliferation by regulating Bcl2. After downregulating UBE2C 
in MCF-7 cells and then overexpressing Bcl2, Western blot assay 
results showed that UBE2C and Bcl2 protein levels were decreased 
in the si-UBE2C group compared with the si-NC group; compared 
with the si-UBE2C group, UBE2C protein levels were decreased in the 

si-UBE2C+oe-Bcl2 group and Bcl-2 protein CCK8 cell viability assay 
and clone formation assay showed that the cell viability was reduced 
and the proliferation rate was slowed down after downregulation 
of UBE2C; overexpression of Bcl2 on top of this group restored 
cell viability and cell proliferation rate (Figures 4A-4C). The above 
results indicated that UBE2C promoted the proliferation of breast 
cancer cells by regulating Bcl2, and overexpression of Bcl2 could 
reverse the inhibitory effect of downregulation of UBE2C on the 
proliferation of breast cancer cells.

Figure Note: 4A: Western blot to detect the protein levels of UBE2C and Bcl2 in each group of cells; 4B: CCK8 cell viability as-
say to detect the cell viability of each group of cells at 0h, 12h, 24h, 36h and 48h; 4C: clone formation assay to detect the number 
of cell colonies formed after 48h of culture in each group of cells. The cell experiments were repeated three times.
Figures 4: UBE2C promotes breast cancer cell proliferation through upregulation of Bcl2.
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Discussion
Breast cancer is considered one of the utmost neoplastic 

diseases globally, with a high death rate of patients. The incidence 
of BC in 2020 is the highest while the mortality rate is only fifth 
in the world, highlighting the need to prevent and treat BC [21]. 
Over the last decades, many approaches have been studied to early 
diagnose and treat it, such as chemotherapy, hormone therapy, 
immunotherapy, and MRI and biomarker tests; do not show the 
optimal efficacy [22]. These existing treatments for breast cancer 
are accompanied by serious side effects, so recognizing these 
challenges, medical researchers have made great efforts to find new 
ways to treat breast cancer, aiming to improve the quality of life and 
address the suffering of patients with breast cancer. Many diseases 
are accompanied by changes in certain biochemical indicators 
called biomarkers in cells or tissues. A variety of biomarkers, 
including proteins, nucleic acids, antibodies, and peptides, have 
been identified. Tumor biomarkers have been widely used in 
cancer risk assessment, early screening, diagnosis, prognosis, 
treatment, and progression monitoring [12]. Despite significant 
improvements in the way breast cancer is managed and treated, 
it continues to persist as a leading cause of death worldwide. If 
detected and diagnosed early, when tumors are small and localized, 
there is a considerably higher chance of survival. [23]. However, 
current detection and diagnostic methods lack the sensitivity and 
specificity necessary to identify breast cancer in the asymptomatic 
or very early stages. Therefore, there is a need to develop more 
rapid and reliable methods that can detect the disease earlier to 
improve disease management and patient outcomes.

Ubiquitin-conjugating enzyme E2C (UBE2C) has been shown to 
be associated with the occurrence of various cancers and involved 
in many tumorigenic processes. UBE2C is necessary for the 
correlated activity between mitotic cyclins and its substrates [24]. 
During the cell metaphase, UBE2C promotes cell cycle progression 
by interfering with cyclin B [25]. Our pan-cancer analysis indicated 
that UBE2C mRNA was decreased in the majority of normal 
tissues, while UBE2C was significantly elevated in cancer tissues, 
such as in colon cancer and lung cancer [26]. The high expression 
of UBE2C was associated with a poor prognosis in breast, colon, 
liver, lung, and ovarian cancer [27]. The aim of this study was to 
investigate the specific molecular mechanisms by which UBE2C 
affects the proliferation of Breast Cancer (BC) [28]. UBE2C has 
been described as a molecular marker for human lung cancer 
and liver cancer prognosis [29,30], while another study indicated 
that UBE2C could be a potential biomarker for tumorigenesis and 
prognosis in squamous cell carcinoma of the tongue [31]. In our 
study, we operated in a 4-step experiment. In the first step, the 
expression level of UBE2C was detected in human normal breast 
epithelial cells MCF-10A and breast cancer cells MCF-7. qRT-PCR 
and Western blot showed that the first conclusion that UBE2C was 
highly expressed in breast cancer cells was obtained. In the second 
step, to understand the regulatory role of UBE2C in breast cancer, 
we detected the expression level of UBE2C by plasmid or siRNA 

transfection to overexpress or knockdown UBE2C, and qRT-PCR and 
Western blot to detect the transfection efficiency, which confirmed 
that overexpression of UBE2C could promote the proliferation of 
breast cancer cells. 

Next, to further investigate the role of UBE2C, we analyzed 
the genes differentially expressed in MCF-7 cells with knockdown 
UBE2C using microarray to determine whether UBE2C interacts 
with Bcl2 in breast cancer cells, we performed Co-IP assays in MCF-
7 cells, and the above results indicated that UBE2C promotes Bcl2 
protein expression. Finally, we further explored whether UBE2C 
affects breast cancer cell proliferation by regulating Bcl2, and the 
results of the exploration indicated that UBE2C promotes breast 
cancer cell proliferation by regulating Bcl2, and that overexpression 
of Bcl2 reverses the inhibitory effect of downregulating UBE2C 
on breast cancer cell proliferation. In a word, UBE2C mRNA and 
protein level were highly expressed in ESCC and UBE2C was likely 
to play different roles in different stages of the ESCC [32]. The above 
findings suggest that UBE2C plays an important role in cancer 
development and may be a promising pan-cancer biomarker for 
prognosis and treatment. UBE2C promotes breast cancer cell 
proliferation through upregulation of Bcl2, and UBE2C may serve as 
a promising target for developing therapeutic strategies for breast 
cancer.

Limitation
This study has several limitations. First, it lacks systematic 

quantitative analysis and there is some selection bias in the choice 
of cited literature in this review, which may lead to bias in the 
findings and conclusions of the study. It remains to be confirmed 
whether the findings are applicable to the entire global population. 
In the cytologic evaluation of small cell breast tumors, attention 
should be paid to the broad diversity of tumors and consideration 
of clinical, hematologic, and radiologic features. Finally, the 
prognostic and immunological role of UBE2C in human cancers has 
been an unknown area. Further understanding of the factors that 
stimulate tumor angiogenesis and the interactions between these 
new pathways and more established mediators may also allow for 
improved therapeutic approaches without the need for new drugs.

Conclusion
In summary, our study shows that UBE2C is elevated in human 

cancers and positively correlates with unfavorable prognosis. 
Furthermore, high expression of UBE2C was associated with 
plasmid or siRNA transfection, and Bcl2 protein expression degree. 
Finally, we identified the upstream regulatory mechanism of UBE2C 
in Bcl2, i.e., UBE2C promotes breast cancer cell proliferation by 
regulating Bcl2, and overexpression of Bcl2 reverses the inhibitory 
effect of downregulating UBE2C on breast cancer cell proliferation. 
Here, we provide the first evidence that UBE2C plays a key role in 
cancer progression and immune response in human pan-cancer 
through upregulation of Bcl2.
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