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Background: Targeting immunosuppressive tumor microenvironment (TME) is one of the 
important therapeutic strategies for triple-negative breast cancer (TNBC). The application 
of Bacillus Calmette–Guérin (BCG) in the clinical treatment of bladder cancer has shown 
that BCG is a strong inducer of immune activation and can remodel the immunosuppres-
sive state of the TME. Meanwhile, previous studies have demonstrated that the 4T1 TNBC 
mouse model does not respond to anti-PD-L1 treatment alone. Therefore, it is necessary to 
explore the effect of BCG on TNBC, as well as the potential efficacy of BCG combined 
with anti-PD-L1.
Materials and Methods: In this study, we studied the effects of BCG treatment on the 
lymphocytes and transcriptome in the TME of an orthotopic TNBC mouse model, and 
evaluated the efficacy of combination therapy with BCG and anti-PD-L1 on the tumor.
Results: We found that three-dose BCG treatment could significantly inhibit tumor growth, 
while the single-dose BCG treatment was able to up-regulate the expression of chemokine- 
related genes and anti-tumor effect genes, down-regulate the expression of immunosuppres-
sive-related genes, and increase tumor-infiltrating lymphocytes. The combination therapy of 
BCG and anti-PD-L1 has produced a marked oncolytic effect.
Conclusion: These findings emphasize that BCG treatment can relieve the immunosuppres-
sive state of the TME, and indicate that the combination therapy of BCG and anti-PD-L1may 
be an efficacious treatment measure for TNBC.
Keywords: TME, BCG, PD-L1, TNBC, immunotherapy, combination therapy

Introduction
Targeting the tumor microenvironment (TME) is considered a promising strategy 
for tumor treatment.1 The TME is the cellular environment in which the tumor 
exists. Apart from the tumor cells, the TME includes vascular endothelial cells 
(ECs), cancer-associated fibroblasts (CAFs), various resident or migratory immune 
cell subsets and extracellular matrix (ECM). The TEM “immunologically cold” 
state induced by the synergistic interaction of tumor cells and other types of cells 
allows the tumor to be immunosuppressive and evade the elimination of the body’s 
immune system.2,3 Therefore, the TME should be treated by “lighting a fire” and 
reverted from “cold state” into “hot state”, therefore become sensitive to the 
immunological surveillance.4
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Oncolytic therapy with microorganisms, such as onco-
lytic virus, can cause immunogenic death of tumor cells 
and reduce TME immunosuppression.4–7 However, 
Oncolytic virus is easy to be eliminated and sometimes 
cannot induce a strong enough immune response to dimin-
ish TME immunosuppression. The BCG vaccine originally 
used to prevent tuberculosis has been proved to have 
strong immunostimulatory properties,8,9 and BCG treat-
ment can create “immunologically hot” state by recruiting 
lymphocytes into TME and therefore remodeling TME.

Although BCG has been successfully employed on 
immunotherapy for non-muscle invasive bladder cancer 
(NMIBC) to reduce the recurrence rate of NMIBC, its 
anti-tumor efficacy on other tumor types, such as breast 
cancer, is worth further investigating.10,11 Triple- 
negative breast cancer (TNBC) is a particularly aggres-
sive subtype of breast cancer.12,13 Due to the lack of 
overexpression of estrogen receptor, progesterone recep-
tor and human epidermal growth factor receptor 2 gene, 
TNBC cannot benefit from endocrine therapy or targeted 
therapy (such as Herceptin) and it is very desperate to 
develop a new strategy for TNBC treatment.13–15 The 
application of BCG on diminishing TME immunosup-
pression and activating anti-tumor immunity may be an 
efficacious therapeutic measure for TNBC. However, 
BCG treatment can induce immune resistance or immune 
evasion by up-regulating the expression of PD-L1. In 
turn, these suggested that the combination of immune 
screening site blockade (anti-PD-L1) and BCG should 
have a better oncolytic efficacy.16–18

The current study aimed firstly to investigate the efficacy 
of BCG on the TNBC, along with the variations of lympho-
cytes and gene expressions in the TME. We found that BCG 
treatment could reduce the immunosuppression in TME of 
TNBC mice, accompanied by up-regulation of the PD-L1 
expression. Consequently, we further evaluated whether the 
combination of BCG immunotherapy and PD-L1 blocker 
can enhance and optimize the therapeutic effect on TNBC.

Materials and Methods
Plasmid, Antibody and Drug
pHKO-luc, pSPAX and pMD2.G were provided by 
Professor Fuqiang Xu (Wuhan Institute of Physics and 
Mathematics, Chinese Academy of Sciences).

Antibodies for flow cytometry analysis, CD49b-APC 
(clone DX5), CD3-PE (clone 17A2), CD4-FITC (clone 
RM4.5) and CD8a-PacBlue (clone 53–6.7) were purchased 

from BioLegend (United States of America). Anti-PD-L1 
blocker BMS-202 (cat. no. HY-19745) was obtained from 
MedChemExpress (United States of America).

BCG Strain, Cell Line
BCG strain (ATCC® 35737™) was obtained from the 
American Type Culture Collection (ATCC). BCG were 
grown in DifcoTM Middlebrook 7H9 broth (Becton 
Dickinson) containing 0.5% glycerol, 0.05% Tween-80, and 
10% oleic acid albumin dextrose catalase (OADC, BD, USA). 
BCG was amplified in a biochemical incubator at 37°C.

4T1 cells were purchased from the Cell Resource 
Center of Shanghai Institutes for Biological Sciences, 
Chinese Academy of Sciences. In order to construct the 
4T1-luc cell line, the plasmid pHKO-luc, pSPAX and 
pMD2.G were co-transfected into HEK 293T at a ratio of 
1:1:1 for 60 hours. The supernatant was collected and 
concentrated with lentivirus concentrate to obtain lenti-
virus-luc. Lentivirus-luc was used to infect 4T1 cells, 
and single positive cells were picked and proliferated to 
obtain 4T1-luc cell lines expressing luciferase. 4T1, 4T1- 
luc cells were grown in RIPM1640 medium containing 
10% FBS, 1mM Sodium Pyruvate (Gibco), 1× 
GlutaMAXTM-1 (Gibco) and 1×MEM NEAA (Gibco).

Establishment of Orthotopic TNBC 
Mouse Model
All animal studies were performed in accordance with the 
Guide for the Care and Use of Laboratory Animals of the 
Research Ethics Committee of Huazhong Agricultural 
University. The use of mice has been approved by the 
Research Ethics Committee of Huazhong Agricultural 
University, Hubei, China (HZAURA-2020-0002). Balb/c 
female mice (6–8 weeks old) were purchased from the 
Experimental Animal Center of Huazhong Agricultural 
University. In order to construct a mouse model of 
TNBC, 4T1 (1×106) cells or 4T1-luc (1×106) cells in 10 
μL of PBS were implanted into the fat pad of the fourth 
pair of left breasts of mice.

BCG Treatment
In order to verify the oncolytic effect of BCG, animals 
were randomly divided into three groups on the 5th d after 
tumor inoculation. In single-dose BCG treatment group, 
mice were injected with 10 μL of BCG in PBS with OD600 

= 2 on the 5th d after tumor inoculation. In three-dose 
BCG treatment group, mice were injected with 10 μL of 
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BCG in PBS with OD600 = 2 on the 5th, 9th and 13th days 
after tumor inoculation. In PBS group, mice were injected 
with 10 μL PBS on the 5th, 9th and 13th days after tumor 
inoculation (Figure 1A). The vernier calipers were used to 
measure the long diameter (L) and short diameter (W) of 
the tumor mass every 2–3 days. Calculated the tumor 
volume according to the ellipsoid volume calculation for-
mula (that is, 1/2×L×W2). The weight data were recorded 
every 2–3 days, the mice were killed by anesthesia 25 
d after BCG injection. The tumors were separated from 
the surrounding fascia, weighted and photographed. The 
spleens, lungs and kidneys were analyzed by histopathol-
ogy to identify the side effects of BCG treatment.

Flow Cytometric Analysis
In order to analyze the effect of BCG treatment on tumor- 
infiltrating lymphocytes, mice were anesthetized and sacri-
ficed to separate tumor masses 9 d after BCG inoculation. 
The tumors were separated from the surrounding fascia, 
minced into pieces by sterile scissors and ground. Cell 
clumps were removed through a 70-μm cell strainer to 
obtain a single-cell suspension. Lymphocytes were sepa-
rated with The Mouse Tumor Infiltrating Tissue 
Lymphocyte Separation Kit (Solarbio). After washing 
twice with PBS containing 1% BSA (FACS solution) and 
blocking with anti-mouse CD16/CD32 for 30 min, the 
tumor-infiltrating lymphocyte suspension was incubated 
with antibodies CD49b-APC, CD3-PE, CD4-FITC and 
CD8a-PacBlue. After incubating for 1 h, these samples 
were washed once with PBS containing 0.2% BSA and 
analyzed by a flow cytometer Cytoflex LX (Beckman 
Coulter). At the same time, the untreated tumors were 
sectioned and stained with anti-mouse CD3-PE antibody 
for 1 h and Hoechst for 1 min. Confocal images were 
collected by an Olympus FV1000 microscope on a 40- 
fold objective.

Transcriptome Analysis
In order to analyze the effect of the single-dose BCG treat-
ment on gene expression in the tumor of the TNBC mouse 
model, the mice were anesthetized and sacrificed to separate 
the tumor mass 9 d after BCG inoculation. After extracting 
the total RNA from the tumor block, we used the Whole 
RNA-seq Lib Prep Kit for Illumina (ABclonal) to build the 
RNA-seq library, and then send them to the sequencing 
company (Genewiz) for high-throughput sequencing. The 
up-stream data analysis using the nf-core rnaseq pipeline.19 

The parameters “–aligner hisat2 –skipBiotypeQC –genome 

mm10” were used. DEseq2 was used for differential gene 
expression analysis and export the normalized count 
matrix.20 By Cytoscape/ClueGo software, the differentially 
expressed genes were enriched with GO by the GO- 
ImmunesystemProcess-EBI-UniProt-GOA-ACAP-ARAP 
-08.05.2020 library. The filtering conditions were as follows: 
p ≤ 0.05, Correction Method Used = Bonferroni step down, 
Min GO Level = 3, Max GO Level = 8, Kappa Score 
Threshold = 0.4. Adjust the Preferred Layout in software 
Cytoscape/ClueGo to Prefuse Force Directed Layout to plot 
the GO enrichment results.

To confirm the representative genes expression in tumor 
with real-time PCR, we utilized the isolated total RNA from 
the tumor block as a template to synthesize cDNA following 
the protocol of the ReverTra Ace qPCR RT Master Mix 
(TOYOBO, Osaka, Japan). Next, PCR was performed with 
a PowerUp™ SYBR™ Green Master Mix (Applied 
Biosystems, Foster City, CA, USA) kit on the ABI 
QuantStudio 3 Real-Time PCR System (Applied 
Biosystems) to determine the mRNA expression of Cxcl10, 
Ifng, Pdcd1, Cd274. The primers of the genes used in PCR 
were as follows: Cxcl10-F: 5′-CCAAGTGCTGCCGTCA 
TTTTC-3′, Cxcl10-R: 5′-GGCTCGCAGGGATGATTTCAA 
-3′; Ifng-F: 5′-GCCACGGCACAGTCATTGA-3′, Ifng-R: 5′- 
TGCTGATGGCCTGATTGTCTT-3′; Pdcd1-F: 5′-GCTCC 
AAAGGACTTGTACGTG-3′, Pdcd1-R: 5′-TGATCTGAAG 
GGCAGCATTTC-3′; Cd274-F: 5′-GCTCCAAAGGACTTG 
TACGTG-3′, Cd274-R: 5′-TGATCTGAAGGGCAGCATT 
TC-3′. The expression of β-actin was utilized for normaliza-
tion. The primers of β-actin used in PCR were as follows: β- 
actin-F: 5′-CGTTGACATCCGTAAAGACC-3′, β-actin-R: 
5′-AACAGTCCGCCTAGAAGCAC-3′. The relative expres-
sion values of Cxcl10, Ifng, Pdcd1, Cd274 were all analyzed 
by the 2−ΔΔCt method.

Single-Dose BCG and Anti-PD-L1 
Combination Therapy
In order to verify the oncolytic effect of single-dose BCG 
and anti-PD-L1 combination therapy on TNBC mouse 
model, the mice were randomly divided into four groups 
on the 5th d after tumor inoculation (Figure 2A). In single- 
dose BCG combined with anti-PD-L1 treatment group, the 
mice were injected with 10 μL of BCG in PBS with OD600 

=2 on the 5th d after tumor inoculation. 9 d after BCG 
injection, the mice were intraperitoneally injected with 
BMS202 at a dose of 20 mg/kg for 7 consecutive days. 
In the three-dose BCG treatment group and PBS group, the 
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Figure 1 BCG treatment inhibits the growth of TNBC. 
Notes: (A) Schematic of BCG treatment on TNBC mouse model. (B) Tumor volume of an individual mouse. n = 5 mice per group. (C) Average tumor volume of mice as 
indicated. Mean ± s.d., two-tailed unpaired Student’s t-test. (D) Photographs of the tumors 20 d post treatment with PBS, single-dose BCG and three-dose BCG, 
respectively. (E) Average tumor weight of mice as indicated. Mean ± s.e.m., two-tailed unpaired Student’s t-test. (F) H&E-stained spleen, lung and kidney tissues of TNBC 
mouse model treated as indicated. Representative images of each group (n = 3 mice) are presented. Scale bar, 200 μm. (G) Weight monitoring results of mice with different 
treatments as indicated.
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mice were treated according to the previous method. In 
anti-PD-L1 treatment group, the mice were injected with 
10 μL PBS on the 5th d after tumor inoculation. 9 d after 
PBS injection, the mice were intraperitoneally injected 
with BMS202 at a dose of 20 mg/kg for 7 consecutive 
days. Record the length (L) and short (W) diameter of each 
mouse’s tumor with a vernier caliper every 3–4 days. 
Calculate the total tumor volume of each animal according 
to the ellipsoid volume calculation formula (that is, 1/ 
2×L×W2). 21 d after tumor inoculation, D-luciferin 
(Promega) at a dose of 150 mg/kg was intraperitoneally 
injected into 4 mice in each group. The mice were imaged 
using the small animal in vivo imager (PerkinElmer) 15 
min after injection. Use imaging software (PerkinElmer) to 
quantitatively analyze the expression of luciferase in the 
mouse model. 30 d after tumor implantation, the mice 
were killed by anesthesia and the tumors were photo-
graphed and weighed. In addition, according to previous 
studies, Propidium Iodide was used to detect the cell death 
in tumor.21

Statistical Analysis
Data were analyzed using Prism 8.0 software (GraphPad 
Software, San Diego, CA, USA). The experiment of 
tumor-infiltrating lymphocyte analysis is repeated two 
times. The experiments of BCG treatment or single-dose 
BCG treatment combined with anti-PD-L1 blocker that 
inhibits the growth of TNBC were repeated three times. 
Quantification of the tumor-infiltrating lymphocytes from 
the TNBC mouse model, real-time PCR and average 
tumor weight of mice are represented as the mean ± 
standard error and the P-values were assessed by two- 
tailed unpaired Welch’s t-test. The average tumor volume 
of mice is represented as the mean ± standard deviation 
and the P-values were assessed by a two-tailed unpaired 
Student’s t-test. Corresponding quantification of luciferase 
expression is represented as the mean ± standard error and 
the P-values were assessed by two-tailed unpaired Welch’s 
t-test.

Results
BCG Treatment Recruited Infiltrating 
Lymphocytes in the TME of TNBC Mouse 
Model
To evaluate the immunostimulatory efficacy of BCG for 
TNBC in vivo, we established an orthotopic TNBC mouse 
model for flow cytometric analysis of infiltrating 

lymphocytes (Figure 3A, Supplementary Material Figure 
1). As shown in Figure 3B–F, compared with the PBS 
treatment group, the BCG treatment group contained 
more CD3+, CD4+, CD8+ T cells and NK cells, indicating 
that BCG treatment can increase the number of lympho-
cytes in the TME of the TNBC mouse model. The results 
of CD3 staining on frozen sections of tumors also showed 
that there were more CD3+ T cells in the tumors of the 
BCG treatment group (Figure 3G and H). These data 
indicate that BCG treatment can change the immune sup-
pression state of the TME by recruiting more lymphocytes.

BCG Treatment Inhibited the Growth of 
TNBC
In order to evaluate the efficacy of BCG on TNBC mouse 
model, we recorded tumor volume data to observe the 
effect of BCG treatment on TNBC mouse model (Figure 
1A). As shown in Figure 1B and C, while tumor volume in 
single-dose BCG group had a slower increase than that of 
PBS group, those of three-dose BCG group had slowest 
increase among three groups. The volume and weight of 
tumor in three-dose BCG group were also the smallest 
among the three groups 25 d after inoculation (Figure 1D 
and E). These data suggested single-dose BCG treatment 
could moderately slow TNBC progression and three-dose 
BCG showed more powerful inhibition on TNBC.

To evaluate the safety of BCG dose, we carried out 
weight monitoring and Hematoxylin-Eosin staining 
(H&E-staining) of main organs (lung, kidney and spleen) 
in three groups of mice. There were no pathological 
changes observed in lungs, kidneys and spleens among 
the three groups (Figure 1F), which indicated that neither 
single-dose BCG nor three-dose BCG could cause organic 
damage in mouse. However, compared with the single- 
dose BCG group and PBS group, the body weight of 
mice in the three-dose BCG group decreased obviously 
during the treatment (Figure 1G), which may be related to 
the stronger immunostimulation induced by multiple BCG 
treatment. In order to optimize the BCG immunotherapy, it 
is necessary to further study the effect of BCG treatment 
on gene expression in the TME of TNBC.

BCG Treatment Changed the Expression 
of Immune Screening Site Genes in the 
TME of TNBC
To explore the effect of BCG on gene expression in the 
TME, we performed RNA-Seq analysis on 4T1 tumors 

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                                                                                           

OncoTargets and Therapy 2021:14 2252

Lu et al                                                                                                                                                                Dovepress

http://www.dovepress.com/get_supplementary_file.php?f=294129.pdf
http://www.dovepress.com/get_supplementary_file.php?f=294129.pdf
http://www.dovepress.com
http://www.dovepress.com


B C

D E

F

N
um

be
r 

of
 c

el
ls

pe
r 

gr
am

 tu
m

or
 (

×1
04 )

0

5

10

15
CD3+

P = 0.0324
S

S
C

-H

CD49b-APC

25.139.26

PBS BCG

S
S

C
-H

CD8-Pacific Blue™

3.110.86

PBS BCG

S
S

C
-H

CD4-FITC

12.90.88
PBS BCG

BCG

S
S

C
-H

CD3-PE

17.25.35

PBS

0

2

4

6

8
P = 0.0819

CD4+

0

1

2

3
P = 0.0409

CD8+

0

5

10

15

20

25 P = 0.0395

CD49b+

G CD3-PE Hoechst Merge

P
B

S

CD3-PE Hoechst Merge

H

BCG

PBS
BCG

PBS
BCG

PBS BCG
PBS

B
C

G

B
C

G

Day 0

A

4T1
cell implantation

BCG/PBS
injection

5 14

FACS analysis

Figure 3 BCG treatment recruits infiltrating lymphocytes in the TME of TNBC mouse model. 
Notes: (A) Schematic of BCG treatment on TNBC mouse model. n = 5 mice for PBS, 4 mice for BCG. (B–E) Representative flow cytometry plots for 4T1 tumor- 
infiltrating CD3+ (B), CD4+ (C), CD8+ (D), NK (E) cells analysis. (F) Quantification of the tumor-infiltrating lymphocytes from TNBC mouse model. n = 5 mice for PBS, 4 
mice for BCG. Mean ± s.e.m., two-tailed unpaired Welch’s t-test. (G and H) Fluorescence images of CD3-PE-stained 4T1 tumor cells treated with BCG and PBS. 
Representative images of each group (n = 3 mice) are presented. Scale bar, 20 μm. 
Abbreviation: BCG, Bacillus Calmette–Guérin.

OncoTargets and Therapy 2021:14                                                                                         submit your manuscript | www.dovepress.com                                                                                                                                                                                                                       

DovePress                                                                                                                       
2253

Dovepress                                                                                                                                                                Lu et al

http://www.dovepress.com
http://www.dovepress.com


treated with PBS and single-dose BCG. From the RNA- 
Seq data, we identified 6863 differentially expressed genes 
(DEGs) between two groups (Figure 4A and B). To deter-
mine the functions of the DEGs induced by BCG treat-
ment, we performed Gene Ontology (GO) analysis on 
these DEGs (Figure 4C). The results showed that the 
functions of these DEGs were mainly belonging to the 
T cell activation signaling pathways, such as T cell pro-
liferation (GO:0042098), T cell differentiation 
(GO:0042098). We found that the coding chemokines 
genes (Ccl5, Cxcl9, Cxcl10) in the single-dose BCG treat-
ment group were significantly up-regulated (Figure 4B and 
D). CCL5 and CXCL9 are more prone to lymphocyte 
infiltration when they are both present in tumor tissue.22 

This suggests that BCG treatment may increase lympho-
cyte infiltration in 4T1 tumors, which is in line with the 
results of the previous tumor-infiltrating lymphocyte flow 
analysis and the representative expression of the genes 
(Figure 4E).

Meanwhile, the results of our RNA-seq also revealed 
that BCG treatment could up-regulate genes that are essen-
tial for lymphocyte activation (Cd69 and Klrk1) and anti- 
tumor effects (Ifngr1 and Gzma), and down-regulate 
immunosuppressive genes (Tigit and Vegfa) (Figure 4B 
and D). The expression changes of these genes confirmed 
BCG treatment can change the immune suppression state 
of the TME. This implies that the combination of BCG 
and immune screening sites blockers, such as anti-PD-L1 
inhibitors, may have a better effect on TNBC.

Single-Dose BCG Treatment Combined 
with Anti-PD-L1 Blocker Efficiently 
Inhibited TNBC
Based on RNA-seq analysis, we performed anti-PD-L1 
treatment on the 9 d after BCG injection (Figure 2A). 
The live imaging of mice showed that although three- 
dose BCG treatment effectively alleviated the progression 
of TNBC compared with the PBS group and the anti-PD- 
L1 group, all mice of single-dose BCG combined with 
anti-PD-L1 treatment showed very little or no detectable 
luciferase signal indicated tumor growth (Figure 2B and 
C). The data of tumor volume proved that single-dose 
BCG combined with anti-PD-L1 treatment can signifi-
cantly inhibit the growth of the breast cancer (Figure 2D 
and E).

Compared with PBS treatment, anti-PD-L1 treatment 
and three-dose BCG treatment, the tumors of single-dose 

BCG combined with anti-PD-L1 treatment contained 
a higher number of Propidium Iodide-positive cells 
(Figure 5A), indicating that the combined treatment of 
BCG and anti-PD-L1 has a better oncolytic effect. The 
mouse body weight monitoring data showed that single- 
dose BCG combined with anti-PD-L1 treatment can 
effectively alleviate the weight loss of mice caused by 
three-dose BCG treatments (Figure 5B), which may indi-
cate that single-dose BCG combined with anti-PD-L1 
treatment has more safeties. The results of tumor size 
and weight in each group showed that the combined treat-
ment of BCG and anti-PD-L1 has a marked therapeutic 
effect on the TNBC mouse model, which can eliminate 
most of the tumor mass (Figure 5C and D).

Discussion
In the present study, we investigated the efficacy of BCG 
treatment on the orthotopic TNBC mouse model and con-
firmed that single-dose and three-dose BCG treatments can 
produce anti-TNBC efficacy in varying degrees. The three- 
dose intratumoral injections of BCG can significantly inhi-
bit the growth of tumors in the TNBC mouse model, along 
with an obvious weight loss. While the single-dose intra-
tumoral injection of BCG is not completely to inhibit 
TNBC progress, it can induce numerous infiltrating 
CD4+, CD8+ T cells and NK cells in the TME of TNBC 
mouse model. These results demonstrate that the single- 
dose BCG treatment is enough to recruit a large number of 
lymphocytes and remodel the TME of TNBC. The reason 
for its weak oncolytic effect may be related to immune 
evasion.

The up-regulation of programmed death ligand 1 (PD- 
L1) is one of the main reasons why immune evasion 
appears during BCG treatment. Previous studies have 
confirmed that BCG vaccination induces PD-L1 expres-
sion on antigen-presenting cells.23 BCG immunotherapy 
can up-regulate the expression of PD-L1 in dendritic 
cells in mouse models of airway inflammation, CD4+ 

T cells in patients with urothelial carcinoma (UCa) and 
tumor cells in rat bladder cancer model.16,24,25 However, 
there are few reports about the effect of BCG treatment 
on TNBC immune screening sites. In this study, by using 
RNA-seq analysis, we confirmed that the expression of 
PD1/PD-L1 was up-regulated during BCG treatment on 
TNBC, which suggests that although BCG treatment 
increase lymphocytes infiltration in the TME, it unavoid-
ably induces immune resistance. This result also indi-
cates that BCG immunotherapy and immune screening 
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site-blocking should be combined for the TNBC 
treatment.

Immune screening site blockade represented by anti-PD1 
/PD-L1 has made surprising progress in clinical tumor 

treatment, but there is also an obstacle of low response 
efficiency.26,27 The previous study suggests that PD-L1 is 
highly expressed in 4T1 cells, but has no effect on anti-PD- 
L1 therapy,21 mainly due to the distinct immunosuppressive 
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TME. In the current study, we confirmed that the single-dose 
BCG and anti-PD-L1 combined treatment has a significant 
oncolytic efficacy, which indicates that the BCG treatment can 
relieve the immunosuppressive state in the TME of the 4T1 
mouse model, thereby enhancing the response efficiency of 
anti-PD-L1 treatment. These data imply that BCG treatment 
can be employed to pretreat those specific tumors which are 
not sensitive to anti-PD1/PD-L1 treatment, and thereby pro-
duce beneficial effects with the combined treatment.

Our research provides a preliminary theoretical basis 
and support for the widespread application of BCG in 
clinical tumor treatments and it also provides data on 
increasing the response efficiency of anti-PD1/PD-L1 
treatment. Meanwhile, this research has some limitations. 
This study is limited to an orthotopic triple-negative breast 
cancer mouse model. Moreover, the research of BCG to 
relieve the immunosuppressive state of the tumor micro-
environment is mainly focused on the immune activated 
T cells, such as CD4+, CD8+, NK. However, TME com-
prises various cell types and extracellular components that 
are surrounding tumor cells. Besides the immune-activated 
T cells, which had been investigated in this experiment, 
some other immune cell subgroups, such as Treg and 
MDSC, may have specified effects on relieving the immu-
nosuppressive state of TME. Therefore, further studies on 
more tumor models and TME components are needed to 
uncover the mechanism of the efficacy of BCG treatment 
on remodeling TME. Meanwhile, the introduction of 
immune-enhancing genes into BCG has made some 
progress,28 which highlights the further research direction 
of BCG and anti-PD-L1 combined therapy.

In conclusion, this study proved that BCG treatment 
can up-regulate the expression of chemokine-related genes 
and anti-tumor effect-related genes, down-regulate the 
expression of immunosuppressive-related genes and 
increase lymphocyte infiltration in the TME of TNBC. 
But it is accompanied by the up-regulation of PD1 and 
PD-L1 expression. The combined treatment of BCG and 
anti-PD-L1 efficiently relieves the immunosuppressive 
state of the TME and has a marked efficacy on TNBC. 
Our results indicate that the combination therapy of BCG 
and anti-PD-L1 may be a promising option for TNBC 
targeted therapy.
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