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Breast cancer (BC) is the most common malignancy in women worldwide, accounting for 15.5% of total cancer deaths. 
B7-H4 belongs to the B7 family members and plays an important role in the development of a variety of cancers, while 
Peroxiredoxin III (PRDX3) is an antioxidant protein found in mitochondria. Aberrant expression of B7-H4 or PRDX3 
has been implicated in the tumorigenesis of various cancers. However, the functional roles of B7-H4 and PRDX3 in BC 
and the underlying mechanisms remain unclear. In this research, we found that silencing of B7-H4 by siRNA could lead 
to not only cell viability inhibition but also the downregulation of PRDX3 in MCF-7 and T47D cells. In order to reveal the 
roles of PRDX3 in the B7-H4 pathway, we firstly transfected siRNA specifically targeting PRDX3 into MCF-7 and T47D 
cells, and the results showed that silencing of PRDX3 also inhibited the viability of MCF-7 and T47D cells significantly, 
accompanied by the increase of reactive oxygen species (ROS) levels. Then we overexpressed the expression of PRDX3 by 
transfecting PRDX3 expression plasmids into B7-H4 knocking-down cells of MCF-7 and T47D. The results showed that 
compared with the control groups (MCF-7 or T47D/siNC+pcDNA3.1 vector), cell viabilities were significantly inhibited 
in RNAi groups (MCF-7 or T47D/siB7-H4+pcDNA3.1 vector), and mildly inhibited in revertant groups (MCF-7 or T47D/
siB7-H4+pcDNA3.1 PRDX3), meanwhile, ROS levels significantly elevated in RNAi groups and had no significant changes 
in revertant groups. All these results indicate that silencing of B7-H4 increases intracellular ROS levels and affects cell 
viability by modulating the expression of PRDX3 in BC cells, which may provide a potential strategy and therapeutic target 
for the treatment of BC. 
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As the leading cause of cancer death in women, the 
incidence of BC is much higher than that of lung and colon 
cancer in women worldwide [1]. BC has been classified into 
four biological types: luminal A, luminal B, HER2-like, and 
basal-like [2]. The pathogenesis of BC is complex and has 
many influencing factors. Studying the molecular mecha-
nism of BC occurrence and development is of great signifi-
cance for the early diagnosis and clinical treatment of BC.

The peroxiredoxin family is mainly involved in redox 
regulation of the cells and protects radical-sensitive enzymes 
from oxidative damage through a radical-generating system. 
It has been shown that proteins of this family are involved in 
regulating many other cells’ biological phenomena through 
regulating downstream signaling cascades by modulating 
intracellular hydrogen peroxide levels, which further affects 
gene expression, cell proliferation, apoptosis, and differentia-
tion [3]. PRDX3 has been reported to be highly expressed in 
many kinds of tumors and plays diverse roles in tumorigen-
esis, such as uveal melanoma, prostate cancer, ovarian cancer, 

acute myeloid leukemia, hepatocellular carcinoma, and renal 
cell carcinoma [4–9]. However, as a key enzyme regulating 
intracellular hydrogen peroxide levels in cancer cells, the 
functional role of PRDX3 in BC remains to be explored.

The co-inhibitory molecule B7-H4 is an important 
member of the B7 family and is aberrantly expressed in 
tumors, inflammatory and autoimmune diseases [10]. B7-H4 
is highly expressed in a variety of tumors and can be used as 
a biomarker for tumor diagnosis, which is closely associated 
with a poor prognosis and high recurrence rates [11, 12]. 
Recent studies indicate that B7-H4 plays an important role 
in tumor initiation and progression, including cell prolif-
eration, invasion, metastasis, and resistance to apoptosis 
[13–16]. Moreover, inhibiting the glycosylation of B7-H4, 
combined with immunogenic chemotherapy and PD-L1 
blockade, could be an efficient strategy for the treatment 
of TNBC (triple-negative breast cancer) [17]. However, the 
mechanism of B7-H4 on BC development and progression 
still remains unclear.
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In this experiment, we found that silencing of B7-H4 or 
PRDX3 by siRNA could both lead to cell viability inhibi-
tion in BC cells, moreover, silencing of B7-H4 could lead to 
downregulation of PRDX3 and upregulation of ROS levels in 
BC cells. Therefore, the objective of this study is to investigate 
the roles of PRDX3 on cell viability and ROS level changes of 
BC cells induced by silencing of B7-H4, which may provide 
a potential strategy and therapeutic target for the treatment 
of BC.

Materials and methods

Cell lines and cell culture. Human breast cancer cell lines 
T47D, MCF-7, and SK-BR-3 were purchased from Procell 
Life Technology Co. Ltd (Wuhan, China). Cells were cultured 
in DMEM medium (GIBCO, USA) supplemented with 10% 
fetal bovine serum (Excell Bio, USA) at 37 °C in a humidified 
atmosphere consisting of 5% CO2.

Cell transfection. B7-H4-specific siRNA (5’-GCUCUA-
CAAUGUUACGAUCAATT-3’), PRDX3-specific siRNA 
(5’-GCCCGACAUGUGAGUGCCAUUT T-3’) ,  and 
negative control siRNA (scrambled sequence, 5’-UUCUCC-
GAACGUGUCACGUTT-3’) were synthesized by Sheng-
gong Bioengineering Co. Ltd (Shanghai, China). The 
PRDX3 coding sequence was synthesized by polymerase 
chain reaction using the cDNA of MCF-7 and T47D cells 
as templates and was inserted into the pcDNA3.1 (+) 
vector (Invitrogen, Carlsbad, CA, USA). The successfully 
constructed plasmids were confirmed by DNA sequencing. 
Both siRNA and plasmids were transfected into cells using 
Lipofectamine 2000 (Invitrogen) according to the manufac-
turer’s protocol. After 6 hours of transfection, the medium 
was replaced with a fresh medium.

Quantitative reverse transcription polymerase chain 
reaction (qRT-PCR). Total RNA from cell lines was 
extracted using the TRIzol reagent (TaKaRa Biotechnology, 
Tokyo, Japan), and 1 μg of RNA from each sample was used 
for cDNA synthesis using PrimeScript RT Kit (TaKaRa 
Biotechnology) according to the manufacturer’s instruc-
tion. The primer pairs used for qRT-PCR are as follows: 
GAPDH: sense 5’-CCACATCGCTCAGACACCAT-3’ and 
antisense 5’-GGCAACAATATCCACTTTACCAGAGT-3’; 
B7-H4: sense 5’-CGCTGCTAATTGACTGCCAC-3’ and 
antisense 5’-GCCGACTGCTCTGTTTATGC-3’; PRDX3: 
sense 5’-ACGGTGTGCTGTTAGAAGGT-3’ and antisense 
5’-TTCACCAAGCGGAGGGTTTC-3’. Expression data 
were normalized to the geometric mean of the GAPDH gene 
to control the variability in expression levels.

Western blot analysis. Cell protein lysates were 
prepared and subjected to western blotting as previously 
described [18]. Samples were obtained by cell lysis in RIPA 
buffer (Beyotime Biotechnology, China) and separated by 
SDS-PAGE before being tested by using ECL chemilumi-
nescent (Bio-Rad Chemidoc MP, Singapore). The primary 
antibodies used in this experiment were antibodies against 

B7-H4 (66817-1-lg, ProteinTech Group, Chicago, IL, USA) 
and PRDX3 (ab128953, Abcam, Cambridge, UK) at 1:1000 
dilution. Goat anti-mouse and goat anti-rabbit IgG coupled 
to HRP (ZSGB-BIO, Beijing, China) were used as secondary 
antibodies at 1:5000 dilution. GAPDH (ab8245, Abcam) was 
used as an internal standard. 

Cell viability assays. Cell viability was detected by using 
the Cell Counting Kit (KeyGen Biotech, Nanjing, China). 
Cells were seeded into 96-well plates and were cultured in 
DMEM medium supplemented with 10% fetal bovine serum 
at 37 °C in a humidified atmosphere consisting of 5% CO2. 
Then, 10 μl CCK-8 solution was added into each well at 
different time points of 0 h, 24 h, 48 h, 72 h respectively, and 
incubated at 37 °C for another 2 h. OD values at 450 nm for 
each well were detected by BioTek Epoch microplate spectro-
photometer (VT, USA).

ROS measurements. Cells were collected and suspended 
in DCFH-DA (Beyotime Biotechnology, China), and then 
diluted in a serum-free medium according to the instruc-
tions. The cells were incubated for 30 min in a 37 °C cell 
incubator and mixed thoroughly by inverting every 5 min 
to allow the probe and cells to come into contact. Cells were 
washed three times with a serum-free cell culture medium 
and detected with flow cytometry.

Statistical analysis. All experiments were repeated at 
least three times. Results are expressed as means ± standard 
deviation (SD). Student’s t-test and one-way analysis of 
variance (ANOVA) tests were used. Statistical analyses were 
performed using SPSS version 21.0 (IBM Company, USA) 
and GraphPad Prism 8.3.0 Software (GraphPad, USA). 
Values of p<0.05 were considered significant and indicated 
by asterisks in all the figures.

Results

Expression of B7-H4 in various molecular subtypes 
and cell lines of BC. To understand how B7-H4 is expressed 
in BC, we analyzed RNA-seq data from the GEPIA2 public 
database (http://gepia2.cancer-pku.cn/#index). As shown 
in Figure  1A, B7-H4 expression was significantly elevated 
in basal-like subtype BC tissues. Survival analyses showed 
that high levels of B7-H4 were significantly associated 
with poorer overall survival (OS) in luminal B subtype BC 
patients (Figure  1B). Following, we assessed the B7-H4 
expression in three BC cell lines from our laboratory at both 
RNA and protein levels. Results showed that B7-H4 was 
highly expressed in T47D and MCF-7 cell lines, and these 
two cell lines were selected for subsequent experiments 
(Figures 1C, 1D).

Silencing of B7-H4 downregulated the expression of 
PRDX3 and decreased cell viability of BC cells accompa-
nied by increased ROS levels. siRNA specifically targeting 
B7-H4 was transfected into MCF-7 and T47D cells to 
inhibit B7-H4 expression. RT-qPCR and western blotting 
results showed significant reductions of B7-H4 expression 
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in both MCF-7 and T47D cells compared to the corre-
sponding control cells (Figures 2A, 2B). In the meantime, 
PRDX3 expression was also observed to be downregulated 
in parallel with decreased B7-H4 expression (Figures 2A, 
2B). The results of the CCK-8 assay (Figure 2C) showed 
that, compared with MCF-7/T47D-siNC, the viability of 
MCF-7/T47D-siB7-H4 cells was significantly inhibited. 
Moreover, we observed increased intracellular ROS levels in 
both B7-H4 knocked down MCF-7 and T47D cells (Figures 
2D, 2E). These findings suggested that silencing of B7-H4 
downregulated the expression of PRDX3 and decreased cell 
viability in BC cells accompanied by increased intracellular 
ROS levels.

Silencing of PRDX3 induced intracellular oxidative 
stress and cell viability inhibition in BC cells. To investigate 
the effect of reduced PRDX3 expression on BC cell lines, we 
transfected siRNA targeting PRDX3 and non-coding siRNA 
into both MCF-7 and T47D cells, respectively. RT-qPCR 
and western blotting results (Figures 3A, 3B) showed that, 
compared with the corresponding control cells, the mRNA 
and protein expression levels of PRDX3 were significantly 
decreased in PRDX3-siRNA cells, indicating the successful 
inhibition of PRDX3 expression in T47D and MCF-7 cells. 
Using these two PRDX3 downregulated cell models, we 

tested changes in cell viability and intracellular ROS levels. 
The results of the CCK-8 assay (Figure 3C) showed that, 
compared with MCF-7/T47D-siNC, the viability of MCF-7/
T47D-siPRDX3 cells was significantly inhibited. Further-
more, the silencing of PRDX3 in both MCF-7 and T47D 
cells resulted in elevated intracellular ROS levels significantly 
(Figures 3D, 3E). The above results indicated that silencing 
of PRDX3 in MCF-7 and T47D cells induced intracellular 
oxidative stress and inhibited cell viability.

Overexpression of PRDX3 partially attenuated B7-H4 
silencing-induced intracellular oxidative stress and cell 
viability inhibition of BC cells. To further explore whether 
PRDX3 mediated the B7-H4 function of regulating BC 
intracellular ROS levels and cell viability, we examined the 
rescue effect by overexpressing PRDX3 in B7-H4-knock-
down cells. The cells were divided into three groups: control 
groups (MCF-7 or T47D/siNC+pcDNA3.1 vector), RNAi 
groups (MCF-7 or T47D/siB7-H4+pcDNA3.1 vector), and 
revertant groups (MCF-7 or T47D/siB7-H4+pcDNA3.1 
PRDX3). We found that, in the RNAi groups, silencing of 
the B7-H4 expression led to the downregulation of PRDX3 
accompanied by cell viability inhibition and upregulation 
of ROS levels (Figures A–E), While, in the revertant groups, 
the PRDX3 expression level was successfully reversed in 

Figure 1. B7-H4 is highly expressed in basal-like subtype BC tissues and breast cancer cell lines. A) and B) RNA-seq data and survival analysis result 
from the GEPIA 2.0 public databases; C) Electrophoresis showed the RNA levels of B7-H4 in BC cell lines; D) Western blot result showed the protein 
levels of B7-H4 in BC cell lines. (*p<0.05)
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Discussion

BC is the most commonly diagnosed cancer and the 
leading cause of cancer deaths among women. It accounts for 
one in four cancer cases and one in six cancer deaths, ranking 
first for incidence in the vast majority of countries in 2020 
[1]. New means of early clinical diagnosis and treatment of 
BC are urgently needed.

B7-H4, which belongs to the B7 family with PD-L1, has 
been found in multiple solid tumors and is inversely corre-

B7-H4 knocking-down cells as indicated by RT-qPCR and 
western blotting (Figures 4A, 4B). Meanwhile, as indicated 
by the CCK8 assays (Figure 4C), the viability inhibition 
by silencing of B7-H4 was partially reversed in revertant 
groups. Moreover, overexpression of PRDX3 reversed 
intracellular ROS levels in revertant groups compared with 
RNAi groups (Figures 4D, 4E). These results suggested that 
PRDX3 played an important role in mediating the B7-H4 
function of inducing intracellular oxidative stress and 
viability inhibition in BC cells.

Figure 2. Silencing of B7-H4 downregulated the expression of PRDX3 in BC cells. A) The RNA expressions of B7-H4 and PRDX3 reduced in both 
MCF-7 cells and T47D cells after silencing of B7-H4; B) The protein expressions of B7-H4 and PRDX3 reduced in both MCF-7 cells and T47D cells 
after silencing of B7-H4; C) Silencing of B7-H4 led to cell viability inhibition in MCF-7 and T47D cells; D, E) Silencing of B7-H4 resulted in ROS levels 
elevating in MCF-7 and T47D cells. Error bars represent the means ± SEM, *p<0.05, **p<0.01, ***p<0.001
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lated with patient prognosis and infiltration of T cells in the 
tumor microenvironment. Many studies have also shown that 
B7-H4 is involved in the regulation of the immune micro-
environment in a variety of tumors. B7-H4 promotes renal 
cell carcinoma progression by recruiting tumor-associated 
neutrophils [19]. In metastatic colorectal cancer, the overex-
pression of B7-H4 is associated with immune cells infiltra-
tion and poor prognosis [20]. Denarda et al. found that using 

a human B7-H4 recombinant antibody to neutralize B7-H4 
could effectively overcome tumor cell immune escape and 
enhance the antitumor effect of T cells in the tumor microen-
vironment [21]. Therefore, B7-H4 may serve as a promising 
target in cancer immunotherapy to reactivate anti-tumor T 
cell function. Across numerous BC types, B7-H4 is more 
highly expressed in cancer samples than in normal breast 
tissues [22]. Some scholars have carried out studies on the 

Figure 3. Silencing of PRDX3 induced intracellular oxidative stress and cell viability inhibition in BC cells. A) Decreased RNA expression of PRDX3 
after transfected with siRNA in both MCF-7 cells and T47D cells; B) Decreased protein expression of PRDX3 after transfected with siRNA in both 
MCF-7 cells and T47D cells; C) Silencing of PRDX3 led to cell viability inhibition in MCF-7 and T47D cells at 48 h and 72 h; D, E) Silencing of PRDX3 
resulted in ROS levels elevating in MCF-7 and T47D cells. Error bars represent the means ± SEM, *p<0.05, **p<0.01, ***p<0.001
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role of B7-H4 in TNBC. For example, it was found that 
pharmacological inhibition of B7-H4 glycosylation contrib-
utes to the treatment of TNBC [17]. Anti-B7-H4 checkpoint 
synergistic trastuzumab therapy helps eradicate BC [23]. 
Most of the earlier studies focused on the role of B7-H4 in the 
regulation of tumor immunity, whereas nowadays, more and 
more studies are beginning to concentrate on the effects of 
B7-H4 on tumor cells themselves and the underlying mecha-

nisms. However, the underlying mechanism and downstream 
molecules of B7-H4 in BC are not well defined.

In our study, we firstly found that silencing of B7-H4 
could downregulate PRDX3, a key enzyme regulating intra-
cellular hydrogen peroxide levels, in BC cells. As a hydrogen 
peroxide reductase, PRDX3 can affect the biological phenom-
enon of cells by regulating the level of hydrogen peroxide in 
cells. Studies have shown excessive hydrogen peroxide levels 

Figures 4. Overexpression of PRDX3 partially attenuated B7-H4 silencing-induced oxidative stress and cell viability inhibition in BC cells. A) Changes 
in RNA expression after overexpression of PRDX3 in B7-H4-knocked down cells; B) Western blot analysis showed successful overexpression of PRDX3 
in B7-H4-knocked down cells; C) Overexpression of PRDX3 partially attenuated B7-H4 silencing-induced cell viability inhibition of MCF-7 and T47D 
cells; D, E) Overexpression of PRDX3 reversed ROS levels in B7-H4-knocked down cells. Error bars represent the means ± SEM, *p<0.05, **p<0.01, 
***p<0.001
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can inhibit cell growth [24-26]. Silencing of PRDX3 inhib-
ited cell growth and causes cell cycle arrest in MDA-MB-231 
cells [27]. Meanwhile, PRDX3 can protect MCF-7 cells from 
doxorubicin-induced toxicity by alleviating oxidative stress 
[28]. Therefore, we further detected the intracellular ROS 
level as well as cell viability changes after the silencing of 
B7-H4 in BC cells. Consistent with what we speculated; intra-
cellular ROS levels were elevated accompanied by inhibition 
of cell viability after silencing of B7-H4 in BC cells. Then, 
we verified the PRDX3 role as one of the B7-H4 downstream 
effectors by directly using siRNA to silence PRDX3 expres-
sion in BC cells, then we observed the changes of intracel-
lular ROS level and cell viability, which were similar to those 
results from silencing of B7-H4.

From the above results, we hypothesized that B7-H4 is 
causing intracellular oxidative stress and suppressing cell 
viability changes that might be mediated by downstream 
PRDX3. To further confirm this role played by PRDX3, we 
did a revertant experiment by forced overexpressing PRDX3 
in B7-H4-knocked down BC cells, and then detected the 
changes in cell viability and intracellular ROS levels. Consis-
tent with the assumption, not only the cell viability inhibi-
tion but also the upregulation of intracellular ROS levels were 
alleviated with the elevated expression of PRDX3 in B7-H4-
knocked down BC cells. For all of these reasons above, a 
conclusion was reached that the silencing of B7-H4 induced 
intracellular oxidative stress and decreased cell viability of 
BC cells via downregulating PRDX3. To our knowledge, this 
is the first study to show that B7-H4 may be involved in ROS 
metabolism by regulating PRDX3 in BC cells.

At the same time, we found that the silencing of B7-H4 
caused the G1-S phase arrest of the cell cycle in both MCF-7 
and T47D cells. However, when directly silencing PRDX3, 
only the MCF-7 cell line produced the same result. The 
overexpression of PRDX3 did not significantly affect the cell 
cycle changes caused by B7-H4 knocking down in MCF-7 
cells (results are not shown). In other words, PRDX3 may not 
play a significant role in mediating cell cycle arrest resulting 
from the silencing of B7-H4 in BC cells. Combined with the 
changes in ROS levels described above, PRDX3 may affect 
cell viability mainly by regulating the intracellular ROS levels. 
However, the elevated ROS levels could be reduced too close 
to the control groups by overexpressing PRDX3 in B7-H4-
knocked down BC cells, but cell viability/proliferation did 
not restore to the same extents as in the control groups. These 
results indicated that B7-H4 might also regulate the cell cycle 
through other downstream molecules and pathways, thereby 
affecting cell viability/proliferation, which requires further 
experiments to explore.

References

[1] SUNG H, FERLAY J, SIEGEL RL, LAVERSANNE M, SO-
ERJOMATARAM I et al. Global Cancer Statistics 2020: 
GLOBOCAN Estimates of Incidence and Mortality World-
wide for 36 Cancers in 185 Countries. CA Cancer J Clin 
2021; 71: 209–249. https://doi.org/10.3322/caac.21660

[2] INWALD EC, KOLLER M, KLINKHAMMER-SCHALKE 
M, ZEMAN F, HOFSTADTER F et al. 4-IHC classification 
of breast cancer subtypes in a large cohort of a clinical can-
cer registry: use in clinical routine for therapeutic decisions 
and its effect on survival. Breast Cancer Res Treat 2015; 153: 
647–658. https://doi.org/10.1007/s10549-015-3572-3

[3] BOLDUC J, KORUZA K, LUO T, MALO PUEYO J, VO TN 
et al. Peroxiredoxins wear many hats: Factors that fashion 
their peroxide sensing personalities. Redox biology 2021; 42: 
101959. https://doi.org/10.1016/j.redox.2021.101959

[4] RAMASAMY P, LARKIN AM, LINGE A, TIERNAN D, 
MCAREE F et al. PRDX3 is associated with metastasis and 
poor survival in uveal melanoma. J Clin Pathol 2020; 73: 
408–412. https://doi.org/10.1136/jclinpath-2019-206173

[5] YU R, YAO J, REN Y. A novel circRNA, circNUP98, a po-
tential biomarker, acted as an oncogene via the miR-567/ 
PRDX3 axis in renal cell carcinoma. J Cell Mol Med 2020; 
24: 10177–10188. https://doi.org/10.1111/jcmm.15629

[6] LIU Z, HU Y, LIANG H, SUN Z, FENG S et al. Silencing 
PRDX3 Inhibits Growth and Promotes Invasion and Extra-
cellular Matrix Degradation in Hepatocellular Carcinoma 
Cells. J Proteome Res 2016; 15: 1506–1514. https://doi.
org/10.1021/acs.jproteome.5b01125

[7] JIN Y, YANG Q, LIANG L, DING L, LIANG Y et al. Com-
pound kushen injection suppresses human acute myeloid 
leukaemia by regulating the Prdxs/ROS/Trx1 signalling 
pathway. J Exp Clin Cancer Res 2018; 37: 277. https://doi.
org/10.1186/s13046-018-0948-3

[8] DUAN J, LANG Y, SONG C, XIONG J, WANG Y et al. 
siRNA targeting of PRDX3 enhances cisplatininduced apop-
tosis in ovarian cancer cells through the suppression of the 
NFkappaB signaling pathway. Mol Med Rep 2013; 7: 1688–
1694. https://doi.org/10.3892/mmr.2013.1370

[9] WHITAKER HC, PATEL D, HOWAT WJ, WARREN AY, 
KAY JD et al. Peroxiredoxin-3 is overexpressed in pros-
tate cancer and promotes cancer cell survival by protecting 
cells from oxidative stress. Br J Cancer 2013; 109: 983–993. 
https://doi.org/10.1038/bjc.2013.396

[10] NI L, DONG C. New B7 Family Checkpoints in Human 
Cancers. Mol Cancer Ther 2017; 16: 1203–1211. https://doi.
org/10.1158/1535-7163.MCT-16-0761

[11] NIU N, SHEN W, ZHONG Y, BAST RC JR, JAZAERI A et 
al. Expression of B7-H4 and IDO1 is associated with drug 
resistance and poor prognosis in high-grade serous ovarian 
carcinomas. Human pathology 2021; 113: 20–27. https://doi.
org/10.1016/j.humpath.2021.04.003

[12] WANG JY, WANG WP. B7-H4, a promising target for im-
munotherapy. Cell Immunol 2020; 347: 104008. https://doi.
org/10.1016/j.cellimm.2019.104008

Acknowledgments: This study was supported by a grant from the 
National Natural Science Foundation of China (no. 81772485). We 
thank everyone in the Department of Medical Laboratory and Re-
search Center in Tangdu Hospital, Air Force Military Medical Uni-
versity for their sincere help and technical support.

https://doi.org/10.3322/caac.21660
https://doi.org/10.1007/s10549-015-3572-3
https://doi.org/10.1016/j.redox.2021.101959
https://doi.org/10.1136/jclinpath-2019-206173
https://doi.org/10.1111/jcmm.15629
https://doi.org/10.1021/acs.jproteome.5b01125
https://doi.org/10.1021/acs.jproteome.5b01125
https://doi.org/10.1186/s13046-018-0948-3
https://doi.org/10.1186/s13046-018-0948-3
https://doi.org/10.3892/mmr.2013.1370
https://doi.org/10.1038/bjc.2013.396
https://doi.org/10.1158/1535-7163.MCT-16-0761
https://doi.org/10.1158/1535-7163.MCT-16-0761
https://doi.org/10.1016/j.humpath.2021.04.003
https://doi.org/10.1016/j.humpath.2021.04.003
https://doi.org/10.1016/j.cellimm.2019.104008
https://doi.org/10.1016/j.cellimm.2019.104008


REGULATING OXIDATIVE STRESS AND CELL VIABILITY BY B7-H4 947

[13] ZHANG L, WU H, LU D, LI G, SUN C et al. The costimu-
latory molecule B7-H4 promote tumor progression and cell 
proliferation through translocating into nucleus. Oncogene 
2013; 32: 5347–5358. https://doi.org/10.1038/onc.2012.600

[14] ZHOU D, ZHOU Y, LI C, YANG L. Silencing of B7-H4 sup-
presses the tumorigenicity of the MGC-803 human gastric 
cancer cell line and promotes cell apoptosis via the mito-
chondrial signaling pathway. Int J Oncol 2018; 52: 1267–
1276. https://doi.org/10.3892/ijo.2018.4274

[15] DONG L, XIE L, LI M, DAI H, WANG X et al. Down-
regulation of B7-H4 suppresses tumor progression of he-
patocellular carcinoma. Sci Rep 2019; 9: 14854. https://doi.
org/10.1038/s41598-019-51253-2

[16] HAO TT, LIAO R, LEI DL, HU GL, LUO F. Inhibition of 
B7-H4 promotes hepatocellular carcinoma cell apoptosis 
and autophagy through the PI3K signaling pathway. Int Im-
munopharmacol 2020; 88: 106889. https://doi.org/10.1016/j.
intimp.2020.106889

[17] SONG X, ZHOU Z, LI H, XUE Y, LU X et al. Pharmacologic 
Suppression of B7-H4 Glycosylation Restores Antitumor 
Immunity in Immune-Cold Breast Cancers. Cancer Discov 
2020; 10: 1872–1893. https://doi.org/10.1158/2159-8290.
CD-20-0402

[18] LONG M, LIN F, WANG X, CHEN X, LIU L et al. Ade-
novirus-mediated anti-AEG-1 ScFv expression driven by 
stathmin promoter inhibits tumor growth in cervical cancer. 
Cancer Cell Int 2020; 20: 79. https://doi.org/10.1186/s12935-
020-1159-5

[19] LI A, ZHANG N, ZHAO Z, CHEN Y, ZHANG L. Overex-
pression of B7-H4 promotes renal cell carcinoma progres-
sion by recruiting tumor-associated neutrophils via upregu-
lation of CXCL8. Oncol Lett 2020; 20: 1535–1544. https://
doi.org/10.3892/ol.2020.11701

[20] DING S, LV X, LIU Z, ZHAN S, XU Y et al. Overexpres-
sion of B7-H4 is associated with infiltrating immune cells 
and poor prognosis in metastatic colorectal cancer. Int Im-
munopharmacol 2021; 90: 107144. https://doi.org/10.1016/j.
intimp.2020.107144

[21] DANGAJ D, LANITIS E, ZHAO A, JOSHI S, CHENG Y 
et al. Novel recombinant human b7-h4 antibodies over-
come tumoral immune escape to potentiate T-cell antitu-
mor responses. Cancer Res 2013; 73: 4820–4829. https://doi.
org/10.1158/0008-5472.CAN-12-3457

[22] KIM NI, PARK MH, KWEON SS, LEE JS. B7-H3 and B7-H4 
Expression in Breast Cancer and Their Association with Clin-
icopathological Variables and T Cell Infiltration. Pathobiol-
ogy 2020; 87: 179–192. https://doi.org/10.1159/000505756

[23] HU X, LIU Y, ZHANG X, KONG D, KONG J et al. The 
anti-B7-H4 checkpoint synergizes trastuzumab treatment to 
promote phagocytosis and eradicate breast cancer. Neoplasia 
2020; 22: 539–553. https://doi.org/10.1016/j.neo.2020.08.007

[24] PARK WH. Hydrogen peroxide inhibits the growth of lung 
cancer cells via the induction of cell death and G1-phase ar-
rest. Oncol Rep 2018; 40: 1787–1794. https://doi.org/10.3892/
or.2018.6535

[25] ZHANG J, ZUO T, LIANG X, XU Y, YANG Y et al. Fenton-
reaction-stimulative nanoparticles decorated with a reactive-
oxygen-species (ROS)-responsive molecular switch for ROS 
amplification and triple negative breast cancer therapy. J 
Mater Chem B 2019; 7: 7141–7151. https://doi.org/10.1039/
c9tb01702j

[26] PARK WH. Hydrogen peroxide inhibits the growth of lung 
cancer cells via the induction of cell death and G1-phase ar-
rest. Oncol Rep 2018; 40: 1787–1794. https://doi.org/10.3892/
or.2018.6535

[27] CHUA PJ, LEE EH, YU Y, YIP GWC, TAN PH et al. Silenc-
ing the Peroxiredoxin III gene inhibits cell proliferation in 
breast cancer. Int J Oncol 2010; 36: 359–364.

[28] MCDONALD C, MUHLBAUER J, PERLMUTTER G, 
TAPARRA K, PHELAN SA. Peroxiredoxin proteins protect 
MCF-7 breast cancer cells from doxorubicin-induced toxic-
ity. Int J Oncol 2014; 45: 219–226. https://doi.org/10.3892/
ijo.2014.2398

https://doi.org/10.1038/onc.2012.600
https://doi.org/10.3892/ijo.2018.4274
https://doi.org/10.1038/s41598-019-51253-2
https://doi.org/10.1038/s41598-019-51253-2
https://doi.org/10.1016/j.intimp.2020.106889
https://doi.org/10.1016/j.intimp.2020.106889
https://doi.org/10.1158/2159-8290.CD-20-0402
https://doi.org/10.1158/2159-8290.CD-20-0402
https://doi.org/10.1186/s12935-020-1159-5
https://doi.org/10.1186/s12935-020-1159-5
https://doi.org/10.3892/ol.2020.11701
https://doi.org/10.3892/ol.2020.11701
https://doi.org/10.1016/j.intimp.2020.107144
https://doi.org/10.1016/j.intimp.2020.107144
https://doi.org/10.1158/0008-5472.CAN-12-3457
https://doi.org/10.1158/0008-5472.CAN-12-3457
https://doi.org/10.1159/000505756
https://doi.org/10.1016/j.neo.2020.08.007
https://doi.org/10.3892/or.2018.6535
https://doi.org/10.3892/or.2018.6535
https://doi.org/10.1039/c9tb01702j
https://doi.org/10.1039/c9tb01702j
https://doi.org/10.3892/or.2018.6535
https://doi.org/10.3892/or.2018.6535
https://doi.org/10.3892/ijo.2014.2398
https://doi.org/10.3892/ijo.2014.2398

