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Abstract

Background
BMI1, a critical member of the Polycomb Repressor Complex 1, plays a key role in regulating cell
proliferation, differentiation, and senescence; however, abnormal expression of BMI1 is associated with
the occurrence and progression of tumors, chemotherapeutic resistance, and poor prognosis.

Methods
In this study, we used the TCGA and CPTAC database to analyze the mRNA and protein expression of
BMI1 in cervical and endometrial cancer. Next, we analyzed the protein expression level of BMI1 in 40
pairs of human cervical cancer (CC) tissue samples and 12 pairs of endometrial cancer (EC) tissue
samples by IHC Analysis. Western blotting and RT‑qPCR were used to detect the changes of mRNA and
protein levels in CC and EC cells after BMI1 knockdown. Additionally, the function of BMI1 in CC and EC
cancer cells were studied through cell functional experiments. Finally, we assessed the synergic anti-
growth effect of shBMI1 combine with paclitaxel (PTX) treatment by assay.

Results
Mining the data from TCGA database, the mRNA level of BMI1 was significantly high in several
malignant tumors, but not in CC and EC. However, through the TCGA database, high mRNA levels of BMI1
were associated with the pathological type of CC, and high protein levels of BMI1 were related to the
pathological type and tumor grade of EC via the CPTAC database. Furthermore, the BMI1 protein level is
overexpressed in cancer tissues of CC and EC compared with normal tissues, as detected by IHC analysis,
and the clinical data indicate that the expression of BMI1correlates with the pathological differentiation
of the two cancers. Additionally, we showed that high expression of BMI1 in vitro promoted the
proliferation and migration of CC and EC cells. Moreover, CC and EC cells with low BMI1 expression were
more sensitive to the paclitaxel (PTX).

Conclusions
Our results show that BMI1 is overexpressed in the tumor tissues of CC and EC patients and provides
potential information for the treatment of PTX by targeting the oncogenic protein BMI1 in patients with
high BMI1 expression.

Introduction
Cervical cancer (CC) and endometrial cancer (EC) are two of the most common gynecologic malignant
tumors in China and worldwide. CC in China accounts for 12% of the worldwide incidence of cervical
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cancer and 11% of cervical cancer-related deaths[1]. Globally, there were 382,000 new EC cases and
90,000 deaths in 2018, with an increasing incidence and decreasing age of onset[2; 3]. Although the
strategies for the treatment of CC and EC are both based on clinical evaluation and stage, the primary
treatment is surgery or chemoradiotherapy for early or locally advanced stages2,3[4; 5]. Paclitaxel (PTX)-
based drugs are the main chemotherapy regimen for advanced stages of CC and EC patients; however,
this treatment strategy is effective in the beginning, but with drug resistance and adverse reactions
observed[6].

BMI1, an important member of the Polycomb Repressor Complex 1 (PRC1), regulates gene silencing by
restructuring chromatin conformation and is abnormally expressed in different types of cancer. Its
expression is associated with occurrence, progression, and poor prognosis[7–12]. Although several
studies have indicated that inhibition of BMI1 may be a therapeutic approach in both CC and EC[12–16],
there is still lack the evidence from clinic data of CC and EC patients and the relationship between BMI1
and PTX-associated drug resistance.

Here, we demonstrated that BMI1 protein levels are significantly elevated in CC and EC patient tumors. In
a cell model of CC and EC, high BMI1 expression triggered the proliferation and migration of CC and EC
cells, while low BMI1 expression inhibited these phenomena. In addition, PTX and BMI1 knockdown
significantly suppressed cell proliferation. Therefore, using PTX-based drugs combined with targeting
BMI1 may serve as a promising approach for CC and EC patients with high BMI1 levels.

Materials And Methods

Patients and clinicopathological data
A uniformly standardized pan-cancer dataset from The Cancer Genome Atlas database (TCGA) database
(PANCAN, N = 10535, G = 60499) was downloaded from the UCSC platform (https://xenabrowser.net/),
and the expression data of ENSG00000168283 (BMI1) gene in 26 cancer species (GBM, GBMLGG, LGG,
CC, LUAD, COAD, COADREAD, BRCA, ESCA, STES, KIRP, KIPAN, STAD, PRAD, EC, HNSC, KIRC, LUSC, LIHC,
THCA, READ, PAAD, PCPG, BLCA, KICH, and CHOL) were extracted and analyzed. The sample selection
criteria were as follows: Normal Solid Tissue, Primary Blood Derived Cancer-Peripheral Blood, Primary
Tumor. Log2 (x + 1) conversion for each expression Tumor species with fewer than three samples in a
single tumor species were eliminated, and the expression data of 26 tumor species were obtained. R
software (Version 3.6.4) was used to calculate the difference in expression between normal and tumor
samples in these 26 tumors, and unpaired Student's t-test was used for difference significance analysis.

The mRNA expression of BMI1 in 304 CC and 546 EC cases was downloaded from the UCSC
platform(https://xenabrowser.net/)(project:TCGA-CESC/TCGA-UCEC,datatype:RNA-COUNTS). R software
(version 3.6.4) was used to calculate the mRNA level differences in BMI1 between normal and tumor
samples in CC and EC (R program: limma; ggplot2; ggpubr). R software (version 3.6.4) was used to
calculate pairwise expression differences between paired normal and tumor samples in CC and EC
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tumors (R limma; ggpubr). Unpaired Wilcoxon Rank Sum and Signed Rank Tests were used to analyze the
significance of differences.

Correlation analysis between BMI1 mRNA levels and clinical features of CC and CE was performed using
the UALCAN platform (http://ualcan.path.uab.edu/index.html) (data type: TCGA database-UCEC/TCGA
database-CESC, project: RNA-COUNTS).; Correlation analysis between BMI1 protein expression and
clinical features of CC and CE was performed using the UALCAN platform
(http://ualcan.path.uab.edu/analysis-prot.html) (data type: CPTAC-UCEC project: BMI1
(NP_005171.4:S251)).

IHC analysis
Forty pairs of human CC tissue specimens and twelve pairs of EC tissue specimens were collected from
The Affiliated People's Hospital of Ningbo University. The samples were obtained via surgical excision or
biopsy. The selection criteria were as follows: i) the samples were confirmed to be primary CC and EC by
pathological diagnosis and ii) the patient had no history of other systemic malignancies. All patients
provided signed informed consent, and the study was approved by the Ethics Committee of the Ningbo
University School of Medicine.

Formalin-fixed tissue samples from the patients were cut into tissue blocks at room temperature. The
tissue blocks were fixed with 4% paraformaldehyde for more than 24 hours, and then dehydrated in
ethanol of different concentrations, embedded in paraffin, and sectioned into 4µm slices. Sections were
dewaxed and hydrated in xylene and ethanol at different concentrations. Heat-mediated antigen recovery
was performed on the sections using Tris-EDTA antigen retrieval solution (Biosharp, BL617A). An
ultrasensitive S-P (Rabbit/Mouse) IHC Kit (Kit-9710, Fuzhou Mai Xin Biotechnology) was used for the next
steps. Endogenous peroxidase activity was blocked with 3% H2O2 at room temperature. Next, the sections
were sealed with 10% donkey serum for 15 minutes, mixed with BMI1 antibody (dilution 1:50; Abcam,
AB32160), and incubated overnight.

The sections were then treated with biotinylated goat-anti–rabbit/mouse IgG secondary antibodies
(Fuzhou Maixin Biotech) for 30 minutes. The sections were then incubated with streptavidin and
horseradish peroxidase (Fuzhou Maixin Biotechnology) for 1 hours. Finally, 3,3 '-diaminobenzidine (DAB-
0031, Fuzhou Mailxin Biotechnology Co., Ltd.) was used for 1 minutes of staining. Each step was washed
three times with 1×PBS for three times, 5 minutes each time. 1xPBS instead of the BMI1 antibody was
used as a negative control. Two independent pathologists scored the sections by IHC staining. A semi-
quantitative method was used to calculate the percentage of positive cells: ≤10%, 0 points; 11%-25%, 1
point; 26%-50%, 2 points; 51%-75%, 3 points; and > 75%, 4 points. Dyeing degree score: colorless, 0 points;
light yellow, 1 point; brown-yellow, 2 points; brown, 3 points; according to the sum of the two, 0 is divided
into (-); 1–2 are divided into (+); 3–4 are divided into (+ +); 5–6 are divided into (+ + +); and 7 points (+ + +
+). Statistical analysis (-) was negative, (+) and (+ +) combined for weakly positive, and (+ + +) and (+ + +
+) combined with strong positive expression. Images were captured using an Olympus IX73 inverted
fluorescence microscope and the accompanying software.
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Cell lines and cell culture
The human embryonic kidney cell line (HEK-293T) and cervical CC line (HeLa) were obtained from
American Type Culture Collection (ATCC). The human EC cell line (HEC-1-A and SPEC-2) is a gift from
Professor Kun Gao of Tongji University (Wen et al., 2020). HEK-293T and HeLa were cultured in
Dulbecco’s Modified Eagle Medium (DMEM, Meilunbio) with 10% Fetal Bovine Serum (FBS Premium, PAN-
Seratech). HEC-1-A and SPEC-2 were cultured in Dulbecco’s Modified Eagle Medium: Nutrient Mixture F-12
(DMEM/F-12(1:1), Meilunbio) with 10% Fetal Bovine Serum (FBS Premium, PAN-Seratech). All cells were
grown at 37°C with 5% CO2.

Similar to our previous study[17], the BMI1 gene fragment was obtained from the cDNA sequence of
HeLa cells using specific primers, and the BMI1 fragment and mammalian expression vector pCMV-Myc
vector were excised using restriction endonucleases to obtain Kpn1/Not1 sticky ends. This fragment was
ligated into the vector to construct the pCMV-Myc-BMI1 plasmid. To achieve knockdown of the target
gene, the shRNA sequence targeting BMI1 was sub-cloned intro pLKO.1-GFP-shRNA vectors. Primers and
shRNA sequences are listed in Table S1. All constructs were verified by DNA sequencing.

All transfection experiments were performed using Lipo6000™ transfection reagent (cat#C0526;
Beyotime, China), according to the manufacturer's instructions. Briefly, 105 cells were seeded in 6-well
plates and transiently transfected with 3 µg of pCMV-Myc-BMI1, shBMI1, or empty vector.

Western blotting
Protein samples from each lysate of fresh cells treated with RIPA buffer (cat#R0010; Solarbio, China)
were loaded and separated by 10% SDS-PAGE, and then transferred to Amersham Protran 0.2µm
nitrocellulose membranes. NC membranes were blocked with 5% fat-free milk for 1 h at room
temperature. The membranes were probed with anti-BMI1 (ab269678; Abcam, England) and anti-GAPDH
(cat#A19056, Abclonal, China) at 4°C overnight. The membranes were then incubated with HRP-
conjugated anti-mouse or anti-rabbit immunoglobulin (cat#SA00001-1 and cat#SA00001-2; proteintech,
America) for 1 hour at room temperature. Proteins of interest were visualized using an enhanced
chemiluminescence (ECL) system (cat#412; Vazyme, China). WB was performed 2–3 times in at least
two independent experiments, and representative pictures are shown.

Reverse transcription‑quantitative PCR (RT‑qPCR)
Total RNA was isolated from HeLa, HEC-1-A, and SPEC-2 cells using TRIzol Reagent (cat#15596018;
Thermo Fisher, USA), and cDNA was reverse-transcribed using HiScript III All-in-one RT SuperMix Perfect
for qPCR (cat#R333; Vazyme, China) following the manufacturer’s instructions. PCR amplification was
performed using the Taq Pro Universal SYBR qPCR Master Mix (cat#Q712; Vazyme, China). All
quantifications were normalized to the level of the endogenous control GAPDH. The primer sequences
used for RT-qPCR are listed in TableS1. RT‑qPCR was performed 2–3 times in at least two independent
experiments, and representative pictures are shown.
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Wound-healing closure assay
Cells were cultured in 6-well plate, and when the cells grew until they spread over the small wells, the
linear wound was scratched with the tip of a 10 µL pipette. The medium was replaced with 2% FBS
serum, a proliferation inhibitor (mitomycin C, GlpBio, USA) was added, and wound healing was observed
under a microscope and photographed. After 24 and 48 hours, wound healing was again observed under
a microscope and photographed, and the degree of wound healing was statistically analyzed. Each
analysis was performed in 3 replicates.

Transwell migration assay

Cells transfected with pCMV-Myc-BMI1, shBMI1, or the empty vector were cultured for 24 hours. The cells
were digested into a uniform single-cell suspension and centrifuged at 1000rpm for 4 mintues. The cell
suspension was centrifuged at 1000 rpm for 4 mintues. The supernatant was discarded and the cells
were resuspended in 1 ml of DMEM, counted on a cell counting plate, and diluted with DMEM as needed.
Then, three transwell chambers were placed into a 24-well cell plate, and 200 µL of the above single-cell
suspension was added to the upper chamber to quantify 1×104 cells. Complete medium (500 µL) was
added to the lower chamber and the plate was placed in a constant-temperature incubator after standing
for 30 mintuesn. After 48 hours, the medium was discarded and the cells were washed twice with PBS.
Next, 500 µL of 4% paraformaldehyde fixing solution was added to the chamber and allowed to stand for
30 min. The fixing solution was discarded, the cells were washed twice with PBS, 500 µL of 0.1% crystal
violet dye was added, and the plate was stained on a shaker for 20 mintues. After rinsing with PBS three
times, the chamber was dried naturally, photos were taken, and statistics were obtained. Statistical
analysis were performed using one-way ANOVA). *P < 0.05

Cell proliferation assay
The Cell growth curves were determined using the CCK-8 assay. Cell proliferation rates were determined
using a Cell Counting Kit-8 (CCK-8) (cat#K1018; APExBIO, America) according to the manufacturer's
protocol. Cells were seeded in 96-well plates at a density of 2000 cells per well. On each of the seven
consecutive days of seeding, 10 µL of CCK-8 solution was added to each cell culture and incubated for 2
hours. The resulting color was measured at 450 nm wavelength using a microplate absorbance reader
(Bio-Rad, Hercules, CA, USA). Each measurement was performed in triplicates.

Colony formation assay
A total of 1500 cells in 2 mL of growth medium were plated in quadruplicate in a 6-well plate, and the
growth medium was changed every 3–4 days. After 14 days, the cells were rinsed twice with PBS, fixed
with 10% formaldehyde, and stained with crystal violet (cat# G1063; Solarbio, China). The number of
colonies was counted. Each count was performed in triplicates.

Statistical analysis
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Statistical calculations were performed using GraphPad Prism software. Data are presented as mean ± 
SD for experiments performed with at least three replicates. The differences between two groups were
analyzed using Student’s t-test, and multiple comparisons were performed using two-way analysis of
variance (ANOVA). Statistical calculations of the transwell assay were performed using one-way ANOVA.
Statistical calculations of IHC were performed using SPSS software. The Chi-squared test was used to
analyze the differences between the two groups. * represents P < 0.05; ** represents P < 0.01; ***
represents P < 0.001.; **** represents P < 0.0001.

Ethical statement
All patients participating in the experiment provided signed informed consent, and the study was
approved by the Ethics Committee of the Ningbo University School of Medicine.

This article does not contain any studies with animals performed by any of the authors.

Results
1.1 The mRNA level of BMI1 in human cancers from TCGA database

Through TCGA database data analysis, we identified BMI1 as an oncogene in several human cancers,
including COAD, COADREAD, BRCA, ESCA, STES, STAD, HNSC, LIHC, and CHOL (Figure. S1, Table S2). We
further analyzed the mRNA levels of BMI1 in CC and EC tissues. We compared BMI1 mRNA levels in 304
CC tumor specimens, 3 healthy cervical tissue specimens, 546 EC tumor specimens, and 35 healthy
endometrial tissue specimens from TCGA database. The former showed no statistical difference owing
to the small number of healthy cervical tissue specimens (Figure. S2A), whereas the mRNA level of
BMI1 was significantly higher in normal endometrial tissues than in EC tissues (Figure.
S2B). Furthermore, the mRNA level of BMI1 in paired CC and EC samples from TCGA database was also
analyzed, with no significant difference in the transcriptional level between normal and
tumor tissues (Figure. S2 C, D).

1.2 The correlation between BMI1 and clinical features in CC and EC from TCGA database

The UALCAN platform (http://ualcan.path.uab.edu/index.html) was used to analyze the correlation
between BMI1 mRNA level and tumor stage and pathological type in CC and EC patients from the TCGA
database (data type: TCGA-UCEC/TCGA-CESC, project: RNA-COUNTS). The transcription level of BMI1
was not significantly correlated with the tumor stage of CC but was related to the pathological type of CC.
BMI1 mRNA levels were significantly increased in the endometrioid adenocarcinoma subtypes (Figure.
1A, B). However, in EC, the transcription level of BMI1 was not significantly correlated with tumor stage or
the pathological type of EC (Figure. 1C, D). 

The UALCAN platform (http://ualcan.path.uab.edu/analysis-prot.html) was used to analyze the
correlation between BMI1 protein expression and EC clinical features from the CPTAC database (data
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type: CPTAC-UCEC, project: BMI1 (NP_005171.4:S251)), and the results showed that BMI1 protein is
highly expressed in endometrioid carcinoma and serous carcinoma subtypes compared with normal
tissues (Figure. 1E). In addition, higher BMI1 expression was associated with a high tumor grade in
patientswith EC (Figure. 1F). However, data on the expression of the BMI1 protein in CC were not found
in the CPTAC database. 

2.1 Protein level of BMI1 in CC and EC tissues

Since the mRNA level of BMI1 in CC and EC samples from TCGA database exhibits no significant
difference, the protein level of BMI1 indicates potential clinical value. We next attempted to detect the
expression level of BMI1 protein in CC and normal tissues using IHC analysis. BMI1 protein expression
levels were significantly higher in CC tissues than in normal tissues (χ2=25.1, P<0.001) (Figure. 2A, B). A
total of 52.5% (21/40) of CC tissues exhibited high expression of BMI1, whereas the other CC tissues
(47.5%, 19/40) had negative or low expression levels of BMI1. In contrast, 2.5% (1/40) of normal CC
tissues exhibited strong staining for BMI1 and 97.5% (39/40) exhibited negative and low staining. 

Similarly, BMI1 protein expression levels were significantly higher in EC tissues than in normal tissues
(χ2=11.06, P<0.01) (Figure. 2C, D). A total of 75% (9/12) of EC tissues exhibited high BMI1 expression,
whereas the other EC tissues (25%, 3/12) had negative or low expression levels of BMI1. In contrast, 2.5%
(1/12) of normal EC tissues exhibited strong staining for BMI1 and 97.5% (11/40) exhibited negative and
low staining. These findings indicated that BMI1 protein expression in CC and EC tissues was higher than
that in normal CC and EC tissues.

2.2 Clinical value of BMI1 in CC and EC

The possible correlations between BMI1 protein expression and clinicopathological features in CC and EC
tissues were evaluated. The protein level of BMI1 in CC tissues was closely related to the degree of
pathological tumor differentiation (χ2=10.455, P<0.05). There was no significant correlation with
clinicopathological characteristics (age, height, weight, BMI, tumor size, tumor invasion depth,
pathological type, TNM stage, FIGO stage, ER expression, and PR expression) (Table 1). In EC tissues, the
expression level of BMI1 was not significantly correlated with clinicopathological characteristics (tumor
pathological differentiation degree, age, height, weight, BMI, tumor size, tumor invasion depth,
pathological type, TNM stage, FIGO stage, ER expression, and PR expression) (Table 2).

3.1 High expression of BMI1 promotes migration of CC and EC cells

To determine the potential functional role of BMI1 in CC and EC cell lines, we utilized the HeLa, HEC-1-A
and SPEC-2 cell lines, and transfected myc-BMI1 and shBMI1 into these cells to increase the expression
level of BMI1 or decrease the expression level of BMI1, respectively. The efficiency of shBMI1 was first
detected in HEK293T cell, and shBMI1#2 (referred to as shBMI1 in the following text) was chosen for the
subsequent BMI1 knockdown experiments because of the best knockdown outcome (Figure.S3). The
further BMI1 expression was assessed using RT-PCR and WB, and the results showed that BMI1 mRNA



Page 9/25

was significantly increased in HeLa, HEC-1-A and SPEC-2cells after transfection with myc-BMI1, and
decreased after transfection with shBMI1 (Figure. 3A, Figure. 4A, Figure.S4A); accordingly, the BMI1
protein was consistent with BMI1 mRNA (Figure. 3B, Figure. 4B, Figure.S4B). After the transfection of
cells with myc-BMI1 and shBMI1, the effect of BMI1 on cell migration was assessed using a wound-
healing closure assay. The results showed that after 24 hours of culture, high expression of BMI1
promoted the migration of HeLa cells, whereas downregulation of BMI1 significantly reduced the
migration of HeLa cells (Figure. 3C). However, wound healing assays were not performed in HEC-1-A and
SPEC-2 cells because they could not be fully fused in 6-well plate. In addition, the same results were
obtained from the transwell migration assay (Figure. 3D). Similar results of the transwell migration of
HEC-1-A cells were found, further proving the role of BMI1 in the migration of CC and EC cells (Figure.
4C). 

3.2 High expression of BMI1 in vitro promotes the growth and proliferation of CC and EC cells

The results of the CCK-8 assay showed that cell growth and proliferation were increased in myc-BMI1-
transfected cells but decreased in shBMI1#2-transfected HeLa, HEC-1-A, and SPEC-2 cells compared with
the respective controls (Figure. 3E, Figure. 4D, Figure.S4C). In addition, the results of the HeLa, HEC-1-A,
and SPEC-2 cell colony formation assays showed that high expression of BMI1 promoted cell growth and
proliferation, and low expression of BMI1 inhibited cell growth and proliferation(Figure. 3F, Figure. 4E).
SPEC-2 cell colony formation assays also showed that high BMI1 expression promoted cell growth and
proliferation (Figure. S4D).

4. The synergic anti-growth effect of shBMI1 combine with PTX treatment 

PTX is a commonly used chemotherapeutic drug that has a certain effect on the development of CC and
EC. To determine the potential functional role of BMI1 in PTX resistance, we transfected with empty
plasmids and shBMI1 plasmids in HeLa and HEC-1-A cells. Next, we added PTX (5 nmol/L) after
transfected plasmids and shBMI1 plasmids 24 hours. Then, the effect of co-treatment of shBMI1 and 5
nmol/L PTX on cell migration was assessed using a transwell assay. The results showed that after 24
hours of culture, compare with respective control, shBMI1 inhibited the migration of HeLa and HEC-1-A
cells, and co-treatment of shBMI1 and 5 nmol/L PTX has a more significant decrease in cell migration of
HeLa and HEC-1-A cells (Figure. 5A, Figure. 6A). Then, we used a CCK-8 assay to detect the growth and
proliferation of HeLa and HEC-1-A cells treated with PTX. The results of the CCK-8 assay showed that cell
growth and proliferation were decreased in shBMI1-transfected HeLa and HEC-1-A cells compared with
the respective controls. Importantly, the growth and proliferation of shBMI1-transfected HeLa and HEC-1-
A cells treated with 5 nmol/L PTX further decreased (Figure. 5B, Figure. 6B). Similarly, in colony formation
assay, the number of average colonies counts of shBMI1 knockdown group of HeLa and HEC-1-A cells
was apparently lower than respective control, and the co-treatment of shBMI1 and 5 nmol/L PTX has a
more significant decrease in cell colony formation (Figure. 5C, Figure. 6C). These results suggest that
BMI1 knockdown may be sensitive to the PTX.
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Discussion
High BMI1 expression is significantly associated with poor tumor differentiation, high clinical grade,
lymph node metastasis, and poor prognosis of CC and EC and is an independent prognostic factor in
CC[16]. In line with this evidence, our results also show that the protein level of BMI1 is overexpressed in
CC and EC and supports the oncogenic role of BMI1 in the proliferation and migration of CC and EC cells.
Moreover, co-administration of PTX and BMI1 inhibition could significantly attenuate the viability of CC
and EC cells, indicating a potential target treatment strategy for patients with high BMI1 expression.

Importantly, the pathological evidence that leads to the overexpression of BMI1 in EC and CC remains
unknown. On the one hand, there is advancing evidence indicating that BMI1 could be regulated by some
miRNAs, a group of endogenous noncoding single-stranded RNAs that negatively regulate the expression
of BMI1 genes in several malignant tumors but without CC and EC. We further detected these miRNAs
using the GEO database. Indeed, miR-203 was significantly downregulated in CC (Table S3). This may
lead to high BMI1 expression in CC. The relationship between miR-203 and BMI1 in CC warrants further
investigation other miRNAs, such as miR-200 and miR-218, in CC and EC were not similar to previous
findings in other cancers[18-21] (Table S3). However, there are limited reports indicating post-translational
modification (PTM)-mediated regulation of BMI1, such as ubiquitination, which requires urgent
exploration in the future.

Most patients with CC and EC are effectively treated with surgery in the early stages. However, patients
with advanced or recurrent disease show a high rate of chemoresistance. To improve drug response rates,
strategies for development of more effective and efficient therapy are urgently needed in this field. The
link between BMI1 and chemoresistance has been elaborated in several cancers, including head and neck
squamous cell carcinoma (HNSCC). The idea that cancer stem-like cells (CSCs) drive cancer metastasis
and chemoresistance is well established. For instance, the direct inhibition of BMI1 abrogates the self-
renewal process of head and neck cancer stem cells and increases tumor sensitivity to cisplatin[22]. We
and others have shown that BMI1 knockdown can increase the efficiency of drugs without an explicit
explanation. Only one report has shown that inhibition of BMI1 reduces the migration and invasion of EC
cells in vivo and in vitro by upregulating the expression levels of E-cadherin and downregulating N-
cadherin, vimentin, and SLUG. Therefore, the underlying mechanism of BMI1-associated drug resistance
requires further exploration in CC and EC.

The BMI1 inhibitor, from first-generation PTC-209 to second-generation PTC-028, shows potential effects
on the inhibition of cancer cell viability[11; 12]. Although the roles of several key inhibitors have been
comprehensively summarized in different tumor cell models, only one inhibitor has been tested in CC and
EC respectively[23]. Notably, PTC-596 is the only one BMI1 inhibitor now in the clinical phase 1 trial of
diffuse intrinsic pontine glioma and leiomyosarcoma[24; 25], but there is a lack of a unique drug to be
used in clinical practice to target BMI1 specifically. Moreover, from the laboratory bench to the clinical
bed, the effective function and toxic side effects should also be considered in a carcinosarcoma
xenograft model.
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Table 2: Protein level and clinical value of BMI1 in EC



Page 15/25

Variables Number BMI1, n(%) χ2 P value

    Negative Low High    

Age(years)

<50

≥50

Height(cm)

<=160

>160

Weight(KG)

<=60

>60

BMI

<24

>=24

Race

Asian

White

Black and African

Tumor size (cm)

<4

≥4

Infiltrating depth

<1/2 depth

≥1/2 depth

Differentiation

Poor

Moderate-High

TNM stage

I

II

 

2

10

 

7

5

 

5

7

 

5

7

 

12

0

0

 

2

10

 

5

7

 

10

2

 

10

2

 

0(0.00)

1(10.0%)

 

1(14.00%)

0(0.00)

 

0(00.0%)

1(14.00%)

 

1(20.00%)

0(0.00)

 

1(8.30%)

0(0.00)

0(0.00)

 

0(0.00)

1(10.0%)

 

1(10.0%)

0(0.00)

 

1(10.0%)

0(0.00)

 

1(10.0%)

0(0.00)

 

1(50.0%)

1(10.0%)

 

1(14.00%)

2(40.0%)

 

1(20.00%)

2(28.50%)

 

1(20.00%)

1(14.00%)

 

2(16.60%)

0(0.00)

0(0.00)

 

1(50.0%)

1(10.0%)

 

0(0.00)

2(28.5%)

 

2(20.0%)

0(0.00)

 

2(20.0%)

0(0.00)

 

1(50.0%)

8(80.0%)

 

5(71.4%)

3(60.0%)

 

4(80.00%)

4(57.10%)

 

3(60.00%)

6(86.00%)

 

9(75%)

0(0.00)

0(0.00)

 

1(50.0%)

8(80.0%)

 

4(80.0%)

5(71.4%)

 

7(70.0%)

2(100%)

 

7(70.0%)

2(100%)

2.000

 

 

1.543

 

 

1.029

 

 

1.717

 

 

-

 

 

 

2.000

 

 

2.857

 

 

0.800

 

 

0.800

 

 

0.368

 

 

0.462

 

 

0.598

 

 

0.424

 

 

-

 

 

 

0.368

 

 

0.240

 

 

0.670

 

 

0.670
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FIGO stage

I

II

ER

negative

positive

P16

negative

positive

 

10

2

 

0

9

 

0

10

 

1(10.0%)

0(0.00)

 

0(0.00)

0(0.00)

 

0(0.00)

0(0.00)

 

2(20.0%)

0(0.00)

 

0(0.00)

0(0.00)

 

0(0.00)

1(10%)

 

7(70.0%)

2(100%)

 

0(0.00)

9(100%)

 

0(0.00)

9(90%)

0.800

 

 

-

 

 

-

 

 

0.670

 

 

-

 

 

-

 

 

Figures
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Figure 1

The correlation between BMI1 expression and clinical features in CC and EC.

(A) The expression of BMI1 in CC based on individual stages from TCGA database. The expression of
BMI1 was not significantly correlated with the tumor stage of CC. (B) The expression of BMI1 in CC based
on tumor histology from the TCGA database. The expression of BMI1 was significantly increased in the
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endometrioid adenocarcinoma subtype of CC compared to the squamous cell and endocervical subtypes.
*P<0.05. (C) The expression of BMI1 in EC based on individual stages from TCGA database. (D)
Expression of BMI1 in EC based on histology subtypes from TCGA database. (E) Protein expression of
BMI1 in EC based on histology subtypes from the CPTAC database. BMI1 protein expression was higher
in EC tissues than that in normal tissues. * P<0.05. (F) Protein expression of BMI1 in EC based on tumor
grade from the CPTAC database. BMI1 protein is highly expressed in endometrioid carcinoma subtype
and serous carcinoma subtype compared with normal tissues. *P < 0.05.
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Figure 2

BMI1 protein expression is elevated in CC and CE specimens.

(A) Representative images of BMI1 IHC from 40 cases of CC specimens. Scale bar, 200 μm. (B)
Quantitative data of BMI1 protein staining in A. Statistical significance was determined by chi-square
test. ***P < 0.001. (C) Representative images of BMI1 IHC from 12 cases of CE specimens. Scale bar, 200
μm. (D) Quantitative data of BMI1 protein staining in C. Statistical significance was determined by chi-
square test. ** P < 0.01.
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Figure 3

Effect of BMI1 on the growth proliferation and migration invasion of HeLa cervical cancer cells.

(A) RT-qPCR measured BMI1 gene mRNA expression in control, myc-BMI1 high expression group, and
shBMI1 knockdown group of HeLa cells. Data are shown as means ± SD (n=3). *P < 0.05. (B) Western
blot of HeLa cells transfected with empty plasmids、myc-BMI1 and shBMI1#2 plasmids. (C) Wound
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healing at 24h and 48h in the wound-healing closure assay; Statistical analysis of wound healing area
data are shown as means ± SD (n=3). *P < 0.05. (D) Transwell migration assay of HeLa cells transfected
with empty plasmids、myc-BMI1 and shBMI1#2 plasmids. Statistical analysis of transwell assay was
performed using one-way ANOVA. **P < 0.001. Scale bar, 200 μm. (E) Cell proliferation assay of HeLa
cells transfected with empty plasmids, myc-BMI1 and shBMI1#2 plasmids. (F) Cell colony formation
assay of HeLa cells transfected with empty plasmids, myc-BMI1 and shBMI1#2 plasmids, all data shown
are mean values ± SD (n=3). *P < 0.05.
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Figure 4

Effect of BMI1 on the growth proliferation and migration invasion of HEC-1-A endometrial cancer cells.

(A) RT-qPCR measured BMI1 gene mRNA expression in control, myc-BMI1 high expression group and
shBMI1 knockdown group of HEC-1-A cells, data are shown as means ± SD (n=3). *P < 0.05. (B) Western
blot of HEC-1-A cells transfected with empty plasmids, myc-BMI1 and shBMI1#2 plasmids. (C) Transwell
migration assay of HEC-1-A cells transfected with empty plasmids、myc-BMI1 and shBMI1#2 plasmids,
Scale bar, 200 μm. (D) Cell proliferation assay of HEC-1-A cells transfected with empty plasmids, myc-
BMI1 and shBMI1#2 plasmids. Statistical analysis was performed using one-way ANOVA. *P < 0.05. (E)
Cell colony formation assay of HEC-1-A cells transfected with empty plasmids and myc-BMI1 plasmids,
all data shown are mean values ± SD (n=3). *P < 0.05.
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Figure 5

BMI1 expression promotes paclitaxel (PTX) resistance in HeLa cervical cancer cells.

(A) Transwell migration assay of HeLacells transfected with empty plasmids and shBMI1#2 plasmids.
5nmol/L PTX was added after transfected 24hours. Statistical analysis was performed using one-way
ANOVA. *P < 0.05; Scale bar, 200 μm. (B) Cell proliferation assay of HeLa cells transfected with empty



Page 24/25

plasmids andshBMI1#2 plasmids. 5nmol/L PTX was added after transfected 24hours. Statistical
analysis was performed using one-way ANOVA. *P < 0.05. (C) Cell colony formation assay of HeLa cells
transfected with empty plasmids andshBMI1#2 plasmids. 5nmol/L PTX was added after transfected
24hours, all data shown are mean values ± SD (n=3). *P < 0.05.

Figure 6
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BMI1 expression promotes paclitaxel (PTX) resistance in HEC-1-A endometrial cancer cells.

(A) Transwell migration assay of HEC-1-Acells transfected with empty plasmids and shBMI1#2 plasmids.
5nmol/L PTX was added after transfected 24hours. Statistical analysis was performed using one-way
ANOVA. *P < 0.05; Scale bar, 200 μm. (B) Cell proliferation assay of HEC-1-A cells transfected with empty
plasmids andshBMI1#2 plasmids. 5nmol/L PTX was added after transfected 24hours. Statistical
analysis was performed using one-way ANOVA. *P < 0.05. (C) Cell colony formation assay of HEC-1-A
cells transfected with empty plasmids andshBMI1#2 plasmids. 5nmol/L PTX was added after
transfected 24hours, all data shown are mean values ± SD (n=3). *P < 0.05.
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