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Abstract. Bacillus Calmette‑Guérin (BCG) immunotherapy 
increases macrophage polarization toward M1‑type macro‑
phages. In the present study, to identify the M1/M2 marker 
genes in the carcinogenesis and progression of cervical 
cancer, the microarray datasets GSE9750 and GSE7803 were 
downloaded from The Cancer Genome Atlas (TCGA), Gene 
Expression Omnibus (GEO) and the University of California 
Santa Cruz (UCSC) Xena browser. Survival analysis revealed 
that M1 markers (IL‑12) were involved in anti‑tumour 
progression, and M2 markers (IL‑10) were involved in the 
carcinogenesis and invasion of cervical cancer. The expression 
of M1 markers (IL‑12, inducible nitric oxide synthase and 
CD80) and M2 markers (IL‑10 and arginase) was examined 
to determine whether BCG affects the polarization of macro‑
phages and to elucidate the underlying mechanisms. The 
results revealed that BCG promoted macrophage polarization 
towards the M1 phenotype and enhanced the transition of M2 
to M1 macrophages. The results also revealed that polarized 
M1 macrophages induced by BCG decreased the protein 
expression of phosphorylated (p‑)retinoblastoma (Rb)/E2F 
transcription factor 1 (E2F1), inhibited the proliferation and 
promoted the apoptosis of HeLa cells. On the whole, these 
results demonstrated that BCG promoted the anti‑tumour 
progression of M1 macrophages and inhibited the pro‑tumour 
activation of M2 macrophages via the Rb/E2F1 signalling 

pathway in HeLa cells. This suggests the possibility of a direct 
translation of this combination strategy to clinical practice for 
the treatment of cervical cancer.

Introduction

Cervical cancer is the fourth most common type of malignant 
tumour affecting women worldwide (1). Although the mortality 
rate of patients with cervical cancer has decreased in recent 
decades due to radical surgery and chemoradiotherapy, the 
treatment of this type of cancer remains an immense global 
challenge due to its recurrence, invasion and metastasis rate (2). 
Therefore, effective prevention and treatment strategies for 
cervical cancer are required, particularly immunotherapy 
targeting its pathogenesis.

Mycobacterium bovis Bacillus Calmette‑Guérin (BCG) is 
a live attenuated bovine tuberculosis vaccine that is the first 
choice for intravesical treatment, and it is the gold standard 
for the immunotherapy of superficial bladder cancer  (3‑5). 
Genitourinary tumours, such as bladder cancer (6) and benign 
diseases, including condyloma acuminatum and cervical 
genital warts, are closely related to human papillomavirus 
(HPV) infection (7‑9). Clinical studies have established that 
BCG immunotherapy exerts a specific effect on genital warts 
of the genitourinary system (7,9). R also identified a certain 
therapeutic effect on cervical condyloma acuminate with the 
local injection of BCG (8). However, whether BCG intervention 
is an effective treatment for cervical cancer remains unknown. 
Patients with cervical cancer often have severe cellular immune 
dysfunction. BCG has been shown to exert a significant 
therapeutic effect against cervical intraepithelial neoplasia 
(CIN II‑III in combination with interferon (IFN) and improves 
the cellular immune function of patients with tumours (10). 
BCG‑activated peripheral blood mononuclear cells also exert 
a significant killing effect on high‑risk HPV‑infected HeLa 
cells  (11). Therefore, BCG intervention for cervical cancer 
holds promise as a novel immunotherapy method.

The mechanism of BCG immunotherapy is attributed to a 
local non‑specific immune response that kills tumour cells: The 
interaction of inflammation and cancer (12). Tumour‑associated 
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macrophages (TAMs) play a key role in tumour immunosup‑
pression and progression (13). Macrophages are differentiated 
from bone marrow‑derived monocytes and have a high hetero‑
geneity and plasticity, exerting a number of effects on the 
microenvironment (14,15). Macrophages are often classified as 
the classically activated M1 type and alternatively activated M2 
type based on cell functions. M1 macrophages are primarily 
stimulated by lipopolysaccharide (LPS) or IFN‑γ (16) and 
possess high antigen‑presenting capabilities (17), which are 
characterized by the high secretion of pro‑inflammatory cyto‑
kines, such as IL‑6, IL‑12, IL‑23 and TNF‑α (18), to promote a 
Th1 response, and microbicidal and tumoricidal activities (19). 
M2 macrophages are polarized via IL‑4, IL‑10, and IL‑13 and 
exhibit a weak antigen‑presenting ability (20). These cells are 
known as the ‘repair’ macrophages and are associated with 
parasite containment, tissue remodelling, debris elimination, 
immune tolerance and regulatory functions, which ultimately 
lead to the immune escape of tumour cells (21). The present 
study used LPS and IFN‑γ to polarize M1 macrophages, and 
M2 macrophages were polarized with IL‑4.

In the present study, microarray datasets were downloaded 
from the Gene Expression Omnibus (GEO) and The Cancer 
Genome Atlas (TCGA) and the differentially expressed genes 
(DEGs) and functional pathways were analysed between cervical 
cancer tissues, high‑grade squamous intraepithelial lesion 
(HSIL) of the cervix tissues and normal cervical tissues. Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment analyses and protein‑protein inter‑
action (PPI) network analyses were used to elucidate molecular 
mechanisms underlying the carcinogenesis and progression of 
cervical cancer. Survival analysis revealed that M1 markers 
played an anti‑tumour role, and M2 markers were involved in the 
carcinogenesis and invasion of cervical cancer.

Persistent infection with high‑risk HPV is a major risk 
factor for cervical cancer (22). The majority of cervical cancers 
are associated with a high risk of HPV infection, and HPV16 
and 18 are associated with ~70% of all cervical cancers (23). 
Immunotherapy stimulates the regression of certain virus‑asso‑
ciated epithelial malignancies, such as HPV‑induced cancers 
in the cervix (24), head and neck (25) and anus (26). Viral 
oncoproteins from tumours with HPV‑positive expression are 
latent candidate tumour degradation antigens as these proteins 
are immunologically foreign and are essentially expressed by 
cancer cells (27,28). However, evidence supporting their role 
in immunotherapy‑mediated tumour degradation is limited.

In the present study, the association of IL‑12 and IL‑10 
with survival was examined and the survival‑based cell cycle 
and p53 signalling pathways in cervical cancer were identified 
using TCGA and GEO databases. Furthermore, the effects and 
molecular mechanisms of action of BCG on the polarization of 
M1 and M2 macrophages, and the regulation of the p53/reti‑
noblastoma (Rb)/E2F transcription factor 1 (E2F1) pathway 
in HeLa cervical cancer cells were investigated in order to 
provide a theoretical basis for the clinical immunotherapy of 
cervical cancer.

Materials and methods

Cervical cancer datasets and pre‑processing. Cervical cancer 
gene expression data that were publicly available and reported 

in full clinical annotation were systematically searched. The 
microarray datasets, GSE9750 and GSE7803 (Affymetrix 
GPL96 platform, Affymetrix Human Genome U133A Array), 
and TCGA‑cervical squamous cell carcinoma (CESC) were 
downloaded from the GEO database (http://www.ncbi.nlm.
nih.gov/geo) and UCSC Xena browser (https://xenabrowser.
net/datapages/). The GSE9750 dataset contains 24 normal 
cervical tissue samples and 28 cervical cancer tissue samples. 
The GSE7803 dataset contains 10 normal cervix tissue 
samples, 7 HSIL tissue samples and 21 cervical cancer tissue 
samples. The DEGs, with log fold change (FC) >3 and adj. 
P‑value <0.01, in the mRNA expression profiling sets, GSE9750 
and GSE7803, were selected with GEO2R (http://www.ncbi.
nlm.nih.gov/geo/geo2r).

Survival analysis. GEPIA is a recently published analysis 
tool containing the RNA sequencing expression data of 8,587 
normal samples and 9,736  tumour samples (http://gepia.
cancer‑pku.cn). GEPIA provides differential mRNA expres‑
sion analysis of tumour/normal tissues and pathological stages 
or grades for analysis, patient survival analysis and correlation 
analysis (29). The cut‑off P‑value was 0.05. The association 
between mRNA expression and overall survival (OS), or 
disease‑free survival (DFS) was determined using the ‘Cox 
PH Model’ with the Kaplan‑Meier survival plot. The survival 
curves of samples with high and low gene expression were 
compared using the log‑rank test.

UALCAN (http://ualcan.path.uab.edu) is a comprehensive 
web resource based on the TCGA that includes the clinical 
data of 31 cancer types and the MET500 cohort database (30). 
In the present study, UALCAN was used to analyse the mRNA 
expression levels of IL‑12 and IL‑10 in primary CESC tissues 
and their association with pathological stage and survival. The 
association between mRNA expression and pathological stage 
was determined using an unpaired Student's t‑test (between 
2 groups) or one‑way analysis of variance (ANOVA) (between 
multiple groups) followed by the LSD or Tukey's multiple 
comparisons post hoc test. The survival analysis of the 
UALCAN survival curves was performed in the same manner 
as that for the GEPIA data. The cut‑off P‑value was 0.05.

Functional and pathway enrichment analyses of DEGs. The 
functions of 939 DEGs in the GSE7803/9750 cervical cancer 
samples were analysed with GO and KEGG in the Database for 
Annotation, Visualization, and Integrated Discovery (DAVID) 
(https://david.ncifcrf.gov/summary.jsp) (31). GO enrichment 
analysis was used to predict the biological processes of 939 
DEGs, and KEGG analysis was used to define the pathways 
related to the 939 DEGs in the GSE7803/9750 CESC samples.

PPI network. The PPI network was obtained by using the 
Search Tool for the Retrieval of Interacting Genes (STRING) 
(http://string‑db.org) database (32). In the present study, PPI 
network analysis of M1/M2 markers and Rb/E2F1 pathway 
proteins was conducted to examine their interactions using the 
STRING database. An interaction score >0.4 was considered 
statistically significant.

THP‑1 cell culture and macrophage dif ferentiation. 
Human monocyte THP‑1 cells (ATCC® TIB‑202TM) were 
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maintained at 37˚C in a humidified incubator with 5% CO2. 
Cells were cultured in Roswell Park Memorial Institute 
medium (RPMI‑1640; Invitrogen; Thermo Fisher Scientific, 
Inc.) supplemented with 10% heat‑inactivated foetal bovine 
serum (FBS Natocor), 100 U/ml penicillin and 100 µg/ml 
streptomycin (all from Invitrogen; Thermo Fisher Scientific, 
Inc.). Resting macrophages (M0) were differentiated from 
THP‑1 monocytes with 5‑100 ng/ml phorbol 12‑myristate‑13 
acetate (PMA, P8139, Sigma‑Aldrich; Merck KGaA) for 24 h, 
and 10 ng/ml PMA was considered optimal. M1 macrophages 
were polarized with 5‑40 ng/ml IFN‑γ (11725‑HNAS; Sino 
Biological Inc.) and 20‑100 ng/ml LPS (L2880; Sigma‑Aldrich; 
Merck KGaA), and 20 ng/ml IFN‑γ and 100 ng/ml LPS were 
considered optimal. M2 macrophages were obtained by 
incubation with 5‑40 ng/ml IL‑4 (#20004; PeproTech, Inc.) 
at 37˚C for 48 h, and 10 ng/ml IL‑4 was considered optimal. 
M1/M2 macrophages were further induced with BCG 
(Shanghai Institute of Biological Products, China) at various 
concentrations (0.2‑40 µg/ml) for 48 h.

Enzyme‑linked immunosorbent assay (ELISA). Macrophage 
supernatants were collected from the THP‑1/M0/M1/M2 
groups. After 48 h, the levels of IL‑10 (ELISA kit, 88‑7106; 
eBioscience) and IL‑12 (Elisa Kit, 88‑7929; eBioscience) 
of serum samples were assayed using ELISA multiplex kits 
according to the manufacturer's protocol.

Reverse transcription‑quantitative PCR (RT‑qPCR). RNA 
was extracted using TRIzol® reagent (Invitrogen; Thermo 
Fisher Scientific, Inc.), and RNA purity and concentration were 
determined using a UV spectrophotometer. RNA was reverse 
transcribed into cDNA using a PrimeScriptTMRT reagent kit 
(Takara Bio, Inc.). According to the SYBR® Premix Ex Taq 
(Takara Bio, Inc.) manufacturer's protocol, amplification was 
performed using a CFX96TM Real‑Time PCR Detection 
System (Bio‑Rad Laboratories, Inc.). The standard reaction 
conditions were 95˚C for 30 sec; and 95˚C for 5 sec and 60˚C 
for 30 sec for 40 cycles. Relative quantification was performed 
using the 2‑ΔΔCq method  (33). The Cq value was automati‑
cally analysed based on the amplification curve. The 2‑ΔΔCq 
value represents the expression level of a target gene in each 
group relative to the expression level of the internal reference 

gene (34). GAPDH served as the control gene for normaliza‑
tion. All the reactions were performed in triplicate. The primer 
sequences are listed in Table I.

Western blot analysis. THP‑1/macrophages and cervical 
carcinoma HeLa cells (Shanghai Institutes for Biological 
Sciences) were co‑cultured in a separate chamber at 37˚C 
in a humidified incubator with 5%  CO2 for 96  h. Total 
proteins were extracted from the HeLa cells using lysis 
buffer (Beyotime Institute of Biotechnology). The protein 
concentration was determined using the BCA‑100 protein 
quantitation method (Nanjing KeyGen Biotech Co., Ltd.). An 
8‑12% separation gel and a 5% stacking gel were prepared 
for electrophoresis. The separated proteins (20  µg) were 
transferred to a PVDF membrane (EMD Millipore) with the 
wet transfer method. The membranes were blocked with BSA 
(Beijing Solarbio Science & Technology Co., Ltd.) for 1 h, 
and anti‑p53 (1:1,000, cat. no. 2524) anti‑phosphorylated (p‑)
Rb (1:1,000, cat. no. 9313), anti‑E2F1(1:1,000, cat. no. 3742), 
anti‑ARG (1:1,000, cat. no. 93668) anti‑GAPDH antibodies 
(1:1,000, cat. no. D16H11) (all from Cell Signaling Technology, 
Inc.) and anti‑iNOS (1:500, MAB9502; R&D Systems, Inc.) 
were added overnight at 4˚C. The membranes were washed 
with 1X Tris‑buffered saline‑Tween (TBST, Beijing Solarbio 
Science & Technology Co., Ltd.) for 5 min (3 times). A goat 
anti‑rabbit antibody and goat anti‑mouse antibody (H + L; 
Invitrogen; Thermo Fisher Scientific, Inc.) were used as 
the secondary antibodies. The membranes were incubated 
with the secondary antibodies (anti‑mouse IgG, 1:2,000, 
cat. no. 7076; Cell Signaling Technology, Inc.; anti‑rabbit IgG, 
1:2,000, cat. no. 7074; Cell Signaling Technology, Inc.) at room 
temperature for 1‑2 h and washed with 1X TBST for 5 min 
(3  times). The membranes were incubated with enhanced 
chemiluminescence (ECL) substrate (EMD Millipore), and 
the blots were developed on an ultrasensitive chemilumines‑
cence imaging system (Bio‑Rad Laboratories, Inc.). All the 
reactions were performed in triplicate. GAPDH served as a 
control protein to quantify the expression of target proteins 
using Image Lab software 4.0 (Bio‑Rad Laboratories, Inc.).

Flow cytometric analysis. Cells were separated with trypsin 
and washed with PBS Gibco; Thermo Fisher Scientific, Inc.). 

Table I. Primer sequences used for RT‑qPCR.

IL‑10	 Forward primer: CACTGCTCTGTTGCCTGGTC
	 Reverse primer: GAAGCATGTTAGGCAGGTTGC
IL‑12	 Forward primer: GGACCTTGGACCAGAGCAGT
	 Reverse primer: GGCTTAGAACCTCGCCTCCT
ARG	 Forward primer: TTGGCTTGAGAGACGTGGAC
	 Reverse primer: CCATCACCTTGCCAATTCCT
iNOS	 Forward primer: GAGCCAGGCCACCTCTATGT
	 Reverse primer: GTCCTCGACCTGCTCCTCAT
GAPDH	 Forward primer: CGGAGTCAACGGATTTGGTCGTAT
	 Reverse primer: AGCCTTCTCCATGGTGGTGAAGAC 

iNOS, inducible nitric oxide synthase; ARG, arginase.
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The cells were cultured with a PE‑conjugated anti‑mouse 
CD80 antibody (cat. no. 561134; BD Biosciences) for 20 min at 
room temperature and analysed on a FACS‑Verse flow cytom‑
eter (BD Biosciences). The data were analysed using FlowJo 
software 7.6 (BD Biosciences).

For the cell cycle assay, the cells were isolated with trypsin 
and suspended in PBS. The cells were incubated in pre‑cooled 
70% ethanol, and the ethanol was discarded following centrif‑
ugation at room temperature at 800 x g for 6 min. The cells 
were suspended in PBS. Propidium iodide (PI, 450 µl)/RNase 
(50 µl) staining buffer (BD Pharmingen; BD Biosciences) was 
added, and the reaction was performed in the dark at room 
temperature for 30 min. A FACS flow cytometer was used 
(FACS Verse; BD Biosciences).

For the Cell apoptosis assay: Cells were digested with 
trypsin without ethylenediaminetetraacetic acid (EDTA). The 
cells were suspended in PBS. To each sample, 100 µl of 1X 
binding buffer, 5 µl of FITC‑Annexin V (eBioscience; Thermo 
Fisher Scientific, Inc.) and 10 µl PI (eBioscience; Thermo Fisher 
Scientific, Inc.) were added in the dark at room temperature for 
15 min and mixed with 400 µl PBS. A FACS flow cytometer 
was used (FACS Verse; BD Biosciences).

Statistical analysis. Statistical analyses were performed 
using SPSS 20.0 statistical software (IBM Corp.). Statistical 
analyses were performed using an unpaired Student's t‑test 
(between 2 groups) or one‑way analysis of variance (ANOVA) 
(between multiple groups) followed by LSD or Tukey's post 
hoc multiple comparisons. Measurement data are expressed 
as the mean ± standard error of the mean (SEM) from one 
representative experiment of three independent experiments. 
P<0.05 was considered to indicate a statistically significant 
difference. Figures were generated using GraphPad Prism 7 
(GraphPad Software, Inc.) and Adobe illustrator CS6 (Adobe 
Systems, Inc.).

Results

Aberrant expression of IL‑12 and IL‑10 in patients with CESC. 
To examine the distinct prognostic and potential therapeutic 
value of M1/M2 markers in patients with CESC, the mRNA 
expression levels of IL‑12 and IL‑10 were analysed in primary 
CESC tissues, and their association with pathological stages 
were assessed with UALCAN and the GEO. IL‑12 mRNA 
expression was slightly higher in CESC tissues than in normal 
tissues (P<0.05) (Fig. 1A) and tended to be weakly expressed 
in patients with more advanced stages according to UALCAN 
(Fig. 1B). The mRNA expression of IL‑10 was significantly 
higher in CESC tissues than in normal tissues according to 
UALCAN (P<0.001) (Fig. 1C). IL‑10 expression was mark‑
edly associated with CESC stages and tended to be more 
highly expressed in patients with more advanced stages of the 
disease (Fig. 1D).

Prognostic value of IL‑12 and IL‑10 in patients with CESC. 
To evaluate the role of IL‑12 and IL‑10 in the progression 
of CESC, the associations of IL‑12 and IL‑10 expression 
and the clinical outcomes of patients were assessed using 
GEPIA and UALCAN. The results of overall survival (OS) 
and disease‑free survival (DFS) are presented in Fig. 2. It was 

found that high transcriptional levels of IL‑12 were signifi‑
cantly associated with a prolonged OS in patients with CESC 
(GEPIA, P<0.05; UALCAN, P<0.001) (Fig. 2A and C). High 
transcriptional levels of IL‑10 were significantly associated 
with DFS according to GEPIA (P<0.001) (Fig. 2B and D).

Identification, KEGG and GO enrichment analyses of DEGs 
in GSE7803/9750. DEGs (2,049 in GSE7803 and 3,268 in 
GSE9750) were identified following the standardization of the 
microarray results. Among the two datasets, 939 genes over‑
lapped, as displayed in the Venn diagram in Fig. 3A. The mRNA 
expression of IL‑10 was also significantly upregulated in CESC 
tissues compared with normal and HSIL tissues from GSE7803 
(P<0.05; P<0.001) (Fig. 3B). The mRNA expression of IL‑12 
was significantly downregulated in CESC tissues compared 
with normal tissues from GSE9750 (P<0.001) (Fig. 3C). The 
functional and pathway enrichment analyses of the DEGs 
were predicted with GO and KEGG in DAVID. It was found 
that GO: 0051301 (cell division), GO: 0000082 (G1/S transi‑
tion of mitotic cell cycle), GO: 0008283 (cell proliferation), 
GO: 0007049 (cell cycle), GO: 1901796 (regulation of signal 
transduction by p53) and GO: 0006955 (immune response) 
were significantly enriched in DEGs in GSE7803/9750 
(Table II). KEGG pathway analysis revealed that hsa04110 
(cell cycle), hsa03030 (DNA replication), hsa03420 (nucleotide 
excision repair) and hsa04115 (p53 signalling pathway) were 
enriched in DEGs in GSE7803/9750 (Table II).

PPI network construction. The PPI network analysis of M1/M2 
markers and RB/E2F1 pathway proteins was performed to 
examine the interactions between IL‑12, IL‑10, IL‑4, CD80, 
ARG‑1, NOS, p53, Rb and E2F1 using the STRING database. 
As was expected, the results revealed several nodes (12) and 
several edges (18) in the PPI network (Fig. 3D).

Characterization of macrophage polarization from THP‑1 
monocytes. M0 macrophages were differentiated from THP‑1 
monocytes using 5‑100 ng/ml PMA in 6‑well plates for 24 h. 
The hallmarks of macrophages were observed under a micro‑
scope as THP‑1 cells became adherent from the suspension 
and spread. The results revealed that the optimal condition was 
10 ng/ml PMA for M0 macrophage differentiation (Fig. 4A). 
M1 macrophages were obtained by incubating M0 macro‑
phages with 5‑40 ng/ml IFN‑γ and 20‑100 ng/ml LPS. M2 
macrophages were induced with 5‑40 ng/ml IL‑4. The mRNA 
and protein expression of IL‑10 revealed that 10 ng/ml IL‑4 
was the optimal concentration for M2 macrophage polariza‑
tion (Fig. 4B and C). The mRNA and protein expression of 
IL‑12 indicated that 20 ng/ml IFN‑γ and 100 ng/ml LPS were 
optimal for M1 macrophage polarization (Fig. 4D‑F).

THP‑1 cells were differentiated into M0 macrophages 
with PMA for 24 h and further polarized toward M1/M2 
phenotype macrophages with IFN‑γ and LPS or IL‑4 at the 
appropriate concentrations for 48 h. The results of RT‑qPCR 
revealed that the M2 macrophages had a higher IL‑10 mRNA 
expression than the M0/M1 macrophages (Fig. 5A), and IL‑12 
mRNA expression in M1 macrophages was significantly 
higher than that in M0/M2 macrophages (Fig. 5B). The FACS 
results demonstrated that M1 macrophages had higher CD80 
protein expression than M0/M1 macrophages (Fig. 5C and D). 
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The ELISA results demonstrated that the IL‑10 levels in M2 
macrophages were higher than those in M0/M1 macrophages 
(Fig. 5E); however, the IL‑12 levels in M1 macrophages were 
higher than those in M0/M2 macrophages (Fig. 5F).

BCG promotes macrophage polarization toward the M1 pheno‑
type and enhances the transition of M2 to M1 macrophages. 
To observe the effects of BCG on macrophage polarization, 
the M1/M2 macrophages were treated with various concen‑
trations (0.2‑40 µg/ml) of BCG for 48 h (35). The mRNA or 
protein expression of IL‑12 and iNOS (M1 markers) steadily 
increased in the 0.2 to 20 µg/ml BCG‑activated M1/M2 macro‑
phage groups, particularly in the M1 macrophage group, and 
decreased in the 40 µg/ml BCG‑activated M1 macrophage 
group, likely due to toxicity (Fig. 6A‑C). The mRNA or protein 
expression levels of IL‑10 and ARG (M2 markers) were inhib‑
ited in the 0.2‑20 µg/ml BCG‑activated M1/M2 macrophage 
groups, and the levels of these markers were particularly 
decreased in the M2 macrophage group. No significant differ‑
ences in ARG expression were found between the 0.2‑40 µg/ml 
BCG‑activated M1 macrophage groups and the M1 macrophage 
group (Fig. 6D‑F). These findings indicated that the 20 µg/ml 
BCG condition led to maximum activation.

BCG promotes the anti‑tumour progression of M1 
macrophages and inhibits the pro‑tumour activation of 
M2 macrophages in HeLa cells. The effects of polarized 
macrophages induced by BCG on HeLa cell proliferation and 
apoptosis were further assessed. THP‑1/macrophages and 
HeLa cells were co‑cultured in a separate chamber for 96 h. 
Cell cycle analysis revealed that the M1 macrophages had an 
increased the proportion of cells in the G0/G1 phase, and the 
number of cells in the S phase was decreased in the HeLa 
cells compared with the THP‑1/M0 macrophages. M2 macro‑
phages exhibited a decreased number of cells in the G0/G1 
phase and an increased proportion of cells in the S phase 
in HeLa cells compared with the THP‑1/M0 macrophages. 
(Fig. 7A and B). Cell apoptosis analysis revealed that M1 
macrophages increased the percentage of HeLa cells in early 
apoptosis, and BCG further increased the proportion of cells 
in early apoptosis compared with M2 macrophages without 
BCG (Fig. 7C and D).

Polarized macrophages induced by BCG affect HeLa cell 
proliferation via the Rb/E2F1 signalling pathway. The present 
study then investigated whether Rb/E2F1 expression in HeLa 
cells was influenced by BCG‑induced M1/M2 macrophages. 

Figure 1. Association between the expression of IL‑12 and IL‑10 and tumour stage in CESC. (A) IL‑12 mRNA expression in CESC tissues compared to 
normal tissues (*P<0.05). (B) IL‑12 mRNA expression in CESC samples with tumour stages (*P<0.05, **P<0.01). (C) IL‑10 mRNA expression in CESC tissues 
compared to normal tissues (***P<0.001). (D) IL‑10 mRNA expression in CESC samples with tumour stages (***P<0.001, as compared with normal group). 
CESC, cervical squamous cell carcinoma.
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Figure 3. Venn diagram, PPI network and M1/M2 marker expression in the GSE7803 and GSE9750 datasets. (A) DEGs (log FC >3 and adj. P‑value <0.01) were 
selected from the mRNA expression profiling sets GSE7803 and GSE9750. (B) PPI network of M1/M2 markers was constructed using the STRING database. 
(C) M1/M2 marker expression in the GSE7803 dataset (*P<0.05, **P<0.01 and ***P<0.001, compared between the groups). (D) M1/M2 marker expression in the 
GSE9750 dataset. PPI, protein‑protein interaction; DEGs, differentially expressed genes (*P<0.05, **P<0.01 and ***P<0.001, compared between the groups).

Figure 2. Prognostic value of IL‑12 and IL‑10 in CESC in the OS and DFS curves (GEPIA, UALCAN). (A) IL‑12 mRNA expression in the OS and DFS 
curves in CESC (GEPIA). (B) IL‑10 mRNA expression in the OS and DFS curves in CESC (GEPIA). (C) IL‑12 mRNA expression in the OS curve in 
CESC (UALCAN). (D) IL‑10 mRNA expression in the OS curve in CESC (UALCAN). CESC, Cervical squamous cell carcinoma; OS, overall survival; 
DFS, disease‑free survival.
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The results revealed that the expression of p‑Rb/E2F1 proteins 
was significantly higher in the M2 macrophage group than in 
the other groups, although their expression decreased following 
treatment with BCG (Fig. 8A, E and F). iNOS (M1 marker) 

protein expression increased and ARG‑1 (M2 marker) protein 
expression decreased in the BCG‑induced M1 macrophage 
group compared with the M1 macrophage group (Fig. 8A‑C). 
ARG‑1 (M2 marker) protein expression decreased and iNOS 

Figure 4. Differentiation of THP‑1 monocytes into macrophages. (A) M0 macrophages were differentiated from THP‑1 cells with various concentrations of 
PMA (***P<0.001, as compared with the THP‑1 group; ###P<0.001, as compared with the 5 ng/ml PMA group). (B) RT‑qPCR analysis of IL‑10 expression in 
THP‑1 cells with PMA and various concentrations of IL‑4 (*P<0.05 and **P<0.01, as compared with the THP‑1 group; #P<0.05, ##P<0.01 and ###P<0.001, as 
compared with the M0 group; &&&P<0.001, as compared with the IL‑4 5 ng/ml group). (C) ELISA of IL‑10 expression in THP‑1 cells with PMA and various 
concentrations of IL‑4 (***P<0.001, as compared with the THP‑1 group; ###P<0.001, as compared with the M0 group). (D) RT‑qPCR analysis of IL‑12 expression 
in THP‑1 cells with PMA and various concentrations of IFN‑γ (*P<0.05 and **P<0.01, as compared with the THP‑1 group; #P<0.05, as compared with the M0 
group). (E) RT‑qPCR analysis of IL‑12 expression in THP‑1 cells with PMA, IFN‑γ and various concentrations of LPS (***P<0.001, as compared with the 
THP‑1 group; ###P<0.001, as compared with the M0 and 20 ng/ml IFN‑γ group; &P<0.05, as compared with the M0 in 20 ng/ml IFN‑γ and 20 ng/ml LPS group). 
(F) ELISA of IL‑12 expression in THP‑1 cells with PMA, IFN‑γ and various concentrations of LPS (*P<0.05 and **P<0.01, compared with the THP‑1 group; 
##P<0.01, as compared with the M0 and 20 ng/ml IFN‑γ group). PMA, phorbol 12‑myristate‑13 acetate; LPS, lipopolysaccharide.

Table II. GO and KEGG pathway enrichment analysis of DEGs in GSE 7803/9750 CESC samples.

Pathway ID	 Description	 Count in gene set	 P‑value

GO:0051301	 Cell division	 66	 <0.001
GO:0006260	 DNA replication	 43	 <0.001
GO:0000082	 G1/S transition of mitotic cell cycle	 31	 <0.001
GO:0000086	 G2/M transition of mitotic cell cycle	 29	 <0.001
GO:0008283	 Cell proliferation	 47	 <0.001
GO:0007049	 Cell cycle	 26	 <0.001
GO:1901796	 Regulation of signal transduction by p53	 18	 <0.001
GO:0075733	 Intracellular transport of virus	 10	 <0.001
GO:0006955	 Immune response	 34	 <0.01
GO:0043066	 Negative regulation of apoptotic process	 36	 <0.01
hsa04110	 Cell cycle	 34	 <0.001
hsa03030	 DNA replication	 18	 <0.001
hsa03420	 Nucleotide excision repair	 9	 <0.01
hsa04115	 p53 signalling pathway	 10	 <0.05

GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; DEGs, differentially expressed genes.

https://www.spandidos-publications.com/10.3892/or.2021.8196
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(M1 marker) protein expression increased in the BCG‑induced 
M2 macrophage group compared with the M2 macrophage 
group. The expression of the p53 protein was higher in M1/M2 
macrophages with BCG than in those without BCG treatment 
(Fig. 8A and D).

Discussion

The tumour microenvironment (TME), which consists of 
fibroblasts, lymphatics, blood vessels, cells and inflammatory 
immune cells (36), plays a critical role in the progression of 
the occurrence, development, and prognosis of cervical cancer. 
TAMs are the main contributors to the TME via the accumula‑
tion and polarization of these cells. M1 macrophages, known 
as the ‘fighting’ macrophages, are tumoricidal directly via the 
excretion of pro‑inflammatory cytokines, such as IL‑6, IL‑12, 
IL‑23 and TNF‑α (18), the depletion of the tumour stoma and 
their high antigen presentation capabilities (17). Therefore, 
these cells play a critical role in immune surveillance and 
are associated with a good prognosis in cancer (21,37). M1 

macrophages are associated with the improved survival of 
patients with cervical cancer (38,39). The present study found 
that high transcriptional levels of IL‑12 were significantly 
associated with a prolonged OS in patients with cervical 
cancer using the UALCAN and GEPIA databases. The results 
also demonstrated that IL‑12, CD80 and iNOS were enriched 
in M1 macrophages, and M1 macrophages inhibited HeLa cell 
proliferation and promoted HeLa cell apoptosis. M2 macro‑
phages, known as the ‘aggressor’ of tumours, may support 
tumour growth directly via the secretion of tumour‑promoting 
cytokines and indirectly promote angiogenesis, cancer stem 
cells or the development of an immune‑evasive microenviron‑
ment (40,41). The present study demonstrated that patients 
with cervical cancer with low transcriptional levels of IL‑10 
had a prolonged OS using the UALCAN, GEPIA and GSE 
databases. Moreover, it was confirmed that IL‑10 and ARG 
expression was higher in the M2 macrophage group than in the 
M1 macrophage group.

Cervical cancer is closely related to a persistent infection 
of high‑risk HPV. HPV vaccines are effective in preventing 

Figure 5. Characterization of macrophage polarization. (A) RT‑qPCR analysis of IL‑10 mRNA expression in the THP‑1, M0, M1 and M2 groups. (B) RT‑qPCR 
analysis of IL‑12 mRNA expression in the THP‑1, M0, M1 and M2 groups. (C) Quantification of CD80 in the THP‑1, M0, M1 and M2 groups. (D) Flow 
cytometric analysis of CD80 protein expression in the THP‑1, M0, M1 and M2 groups. (E) ELISA of IL‑10 expression in the THP‑1, M0, M1 and M2 groups. 
(F) ELISA of IL‑12 expression in the THP‑1, M0, M1 and M2 groups (*P<0.05, **P<0.01 and ***P<0.001, as compared with the THP‑1 group; #P<0.05, ##P<0.01 
and ###P<0.001, as compared with the M0 group; &P<0.05, &&P<0.01 and &&&P<0.001, as compared with the M1 group).
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cervical cancer; however, these vaccines do not eliminate persis‑
tent HPV infections or prevent infected tissues from developing 
into malignant tumours (42). BCG has largely been used as a 
tuberculosis (TB) vaccine for 100 years (43). The intravesical 
treatment of BCG is the primary choice for treatment, and it 

has become the gold standard of immunotherapy for superficial 
bladder cancer (5,44). Immunostimulation with BCG mark‑
edly annihilates existing carcinoma in situ and suppresses 
the possibility of tumour progression or recurrence in treating 
bladder cancer, melanoma, kidney cancer, liver cancer, 

Figure 6. BCG promotes macrophage polarization towards the M1 phenotype and enhances the transition of M2 to M1 macrophages. RT‑qPCR analysis of 
(A) IL‑12, (C) iNOS, (D) IL‑10 and (F) ARG mRNA expression in each group. ELISA of (B) IL‑12 and (E) IL‑10 expression in each group (*P<0.05, **P<0.01 
and ***P<0.001, as compared with the THP‑1 group; #P<0.05, ##P<0.01 and ###P<0.001, as compared with the M0 group; $P<0.05, $$P<0.01 and $$$P<0.001, as 
compared with the M1 group; &P<0.05, &&P<0.01 and &&&P<0.001, as compared with the M2 group). BCG, Bacillus Calmette‑Guérin; iNOS, inducible nitric 
oxide synthase; ARG, arginase.

https://www.spandidos-publications.com/10.3892/or.2021.8196
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lymphoma, and acute leukaemia (45‑47). The wide range of 
protection by BCG vaccine against non‑associated pathogens 
and cancer to promote innate immunity and connect adaptive 
immune responses, stresses the urgent need to re‑examine 
such microbe‑based combination therapeutics for cancer treat‑
ment, particularly through local administration (48‑50). BCG 
immunotherapy affects macrophage polarization in bladder 
carcinoma (51). In the present study, it was found that the levels 
of M1 markers, such as IL‑12 and iNOS, were significantly 
increased in BCG‑activated macrophages and that the levels 
of M2 markers, such as IL‑10 and ARG, were decreased in 
BCG‑activated macrophages. These results indicate that BCG 

promotes macrophage polarization toward the M1 phenotype 
and enhances the transition of M2 to M1 macrophages.

The molecular mechanism of HPV carcinogenesis is the 
integration of viral DNA into the chromosome of the host, and 
the E6 and E7 oncoproteins combine with the tumour suppressor 
genes, p53 and Rb, respectively, which leads to the inactivation 
of p53 and Rb, alterations in the cell cycle and DNA repair, and 
the progression of invasive cervical cancer (2,52). Rb is a key 
player in cell cycle regulation in which the tumour suppression 
function is inactivated via phosphorylation, and the tumour 
promotion function is inhibited via caspase cleavage  (53). 
Rb inhibits cell proliferation by directly suppressing the 

Figure 7. BCG inhibits cell proliferation and promotes the early apoptosis of M1/M2 macrophages in HeLa cells. (A) Flow cytometric analysis of the cell cycle in 
each group. (B) Cell distribution analysis results in each group. (C) Flow cytometric analysis of cell apoptosis in each group. (D) Early apoptosis of HeLa cell analysis 
in each group (*P<0.05, **P<0.01 and ***P<0.001, as compared with the THP‑1 group; #P<0.05, ##P<0.01 and ###P<0.001, as compared with the M0 group; $P<0.05, 
$$P<0.01 and $$$P<0.001, as compared with the M1 group; &P<0.05 and &&&P<0.001, as compared with M2 group). BCG, Bacillus Calmette‑Guérin.
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transcription factor E2F1, which promotes cell growth, cell 
differentiation and DNA synthesis  (54). The present study 
examined a series of DEGs associated with survival and iden‑
tified the survival‑based cell cycle, immune response and p53 
signalling pathway in cervical cancer from the GEO database. 
The results revealed that the expression of p‑Rb/E2F1 proteins 
was significantly higher in the M2 macrophage group than in 
the other groups and decreased after treatment with BCG.

In the present study, it was also demonstrated that BCG 
suppressed the activation of M2 macrophages by enhancing the 
proliferation of HeLa cells. It was also identified that M1 macro‑
phages promoted apoptosis and that BCG further promoted the 
apoptosis of HeLa cells. These data suggest that BCG promotes 
the anti‑tumour progression of M1 macrophages and inhibits the 
pro‑tumour activation of M2 macrophages in HeLa cells. It was 
also found that BCG‑induced M1/M2 macrophages influenced 
HeLa cell proliferation by increasing Rb/E2F1 expression.

In conclusion, the BCG vaccine has immunomodulatory 
properties that have recently been revealed (55). The findings 
of the present study provide valuable insight into the potential 
clinical therapeutic effects of BCG that may benefit patients 
with cervical cancer. BCG may prove to be an effective 
preventive measure for cervical cancer. Consequently, further 
experiments are needed to obtain a better understanding of the 
molecular mechanisms through which BCG regulates M1/M2 
polarization and activates the cervical cancer microenviron‑
ment, and to confirm the findings presented herein.
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