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Abstract
Background: As erythropoietin (EPO) has been used to treat anemia in
cancer patients, negative controversy has continued. Unfortunately, its effects
on non‐small‐cell lung carcinoma (NSCLC) cell lines are uncertain and the
phenomenon of inducing immune escape of tumor cells remains to be ex-
plored. This study aimed to provide an important basis for the application of
exogenous EPO in the treatment of tumor‐associated anemia.
Methods: Cells were cultured in 1% O2, 5% CO2, and 94% N2 to simulate a
hypoxic environment of the tumor. A549 cell line (lower expression EPOR)
and NCI‐H838 cell line (higher expression EPOR) were treated with 2 and
8 U/ml recombinant human EPO (rhEPO). CCK‐8 method was used to de-
termine the logarithmic growth phase of the cells and to detect cell pro-
liferation. The expression levels of VEGF, HIF‐1α, and PD‐L1 were
determined by western blot. One‐way ANOVA was used for statistical analysis
between groups, with p < 0.05 indicating a significant difference.
Results: Hypoxia itself could decrease the survival rate of NSCLC cells. Under
the hypoxic condition, rhEPO induced tumor cells proliferation, especially in
the NCI‐H838 cell line, where 2 U/ml rhEPO increased the total number of
surviving cells (Hypoxia + rhEPO 2 U/ml vs. Hypoxia, p < 0.05). Western blot
analysis showed that hypoxia upregulated the expression of VEGF, HIF‐1α,
and PD‐L1 in NSCLC cell lines (Normoxia vs. Hypoxia, p < 0.05), but may not
be dependent on the expression levels of EPOR. RhEPO decreased the ex-
pression levels of VEGF and HIF‐1α. In the A549 cell line, it depended on the
concentration of rhEPO and was particularly obvious in HIF‐1α (Hypoxia vs.
Hypoxia + rhEPO 2 U/ml vs. Hypoxia + rhEPO 8 U/ml, p < 0.05). A low con-
centration of rhEPO may not reduce VEGF expression. In the NCI‐H838 cell
line, the effect of rhEPO on VEGF was more obvious, but it may be in-
dependent of rhEPO concentrations. The downregulation of PD‐L1 expres-
sion by rhEPO was only presented in the A549 cell line and required higher
rhEPO concentrations (Hypoxia + rhEPO 8 U/ml vs. Hypoxia&Hypoxia +
rhEPO 2 U/ml, p < 0.05).
Conclusion: The effect of prolonged high concentrations of rhEPO under
hypoxic conditions resulted in accelerated cells proliferation of non‐small‐
cell lung cancer and was independent of EPOR expression levels on the cell
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lines surface. Hypoxia resulted in increased expression of VEGF, HIF‐1α, and
PD‐L1 on the NSCLC cell lines. Under normoxic conditions, rhEPO did not
affect the expression of VEGF, HIF‐1α, and PD‐L1; but under hypoxic con-
ditions, the application of rhEPO reduced the expression of VEGF, HIF‐1α,
and PD‐L1, producing an impact on the biological behavior of tumor cells.
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cell proliferation, hypoxia, hypoxia‐inducible factor 1, non‐small cell lung cancer, vascular
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1 | INTRODUCTION

According to the latest statistics, cancers are still the
main cause of death in humans. Compared with other
cancers, lung cancer has a relatively low survival rate,
of which 80% are non‐small‐cell lung cancers
(NSCLC), with a survival rate of only 14%–15%.1 Pa-
tients with NSCLC often suffer from cancer‐associated
anemia (CRA) due to the cancer itself, the patients'
personal constitutions or tumor radiotherapy and
chemotherapy, which seriously affects the quality of
life and even life and health of patients.2 Endogenous
erythropoietin (EPO) is produced in the liver during
the fetal stage; for adults, the kidney is the main site of
production. In 1989, the United States Food and Drug
Administration (FDA) approved recombinant human
EPO (rhEPO, epoetin) for the treatment of renal
anemia, which pioneered the treatment of anemia
with exogenous EPO, followed by rhEPO's analogs
(darbepoetin alfa, methoxy polyethylene glycol‐
epoetin beta), collectively known as erythropoiesis‐
stimulating agents (ESAs).3,4 EPO not only has a role
in promoting erythropoiesis, but also has the func-
tions of anti‐inflammation, cell differentiation reg-
ulation, tissue protection, and so on, which are of
great significance in a variety of nonhematopoietic
organs (including the lung), such as resisting disease
progression, maintaining health, and repairing da-
mage.5–9 Numerous studies have shown that EPO can
also be used for the treatment of CRA in addition to
renal anemia, such as breast, ovarian, and NSCLC
anemia,10–12 increasing hemoglobin (Hb) concentra-
tions to maintain them at baseline levels, reducing
patients’ blood transfusions, and improving health‐
related quality of life (HRQL).13,14 It is even effective
in preventing anemia when combined with che-
motherapy.15 Currently, the application of rhEPO in
CRA is second only to renal anemia and preoperative
red blood cell mobilization, and it is widely used in
the oncology department.16 It has been confirmed
that tumors are in the state of hypoxia, which plays a
promoting role in the occurrence and progression of
tumors.17,18 Under the hypoxic condition, hypoxia‐
inducible factor‐1α (HIF‐1α) combines with hypoxia‐
inducible factor‐1β (HIF‐1β) into the nucleus to form

HIF‐1. HIF‐1 is overexpressed in most cancers, en-
abling tumor cells to better adapt to the hypoxic en-
vironment, which facilitates tumors progression.
Some studies have shown that rhEPO enhances the
expression of HIF‐1,19 while others have concluded
that rhEPO has no effect on the expression of HIF‐1.20
There is a higher level of vascular endothelial growth
factor (VEGF) expression in NSCLC tissues than in
normal lung tissues and other cancer tissues.21 RhE-
PO may also have a certain upregulation effect on
VEGF.22,23 Programmed death‐ligand 1 (PD‐L1), also
CD274 or B7‐H1, with PD‐1 in normal tissues can
reduce T cells proliferation, but expressed in tumor
cells exacerbates tumor growth and promotes im-
mune escape of tumor cells. EPO may enhance the
expression of PD‐L1 and induce immune escape in
tumor cells, but such studies are rare.24 EPO receptor
(EPOR) is expressed in various types of tumor cells,25

and the levels of EPOR expression may have a certain
impact on the survival time and survival status of
cancer patients. A large number of studies have
shown that the expression levels of EPOR can regulate
the effect of exogenous EPO on the body, and the high
expression levels of EPOR can increase the drug re-
sistance of tumor cells, which is also true in NSCLC,
and the overexpression of EPOR may reduce the
survival probability of patients.26–28 In 2007, Wright
et al.29 demonstrated that rhEPO reduced survival
probability in patients with advanced NSCLC, while
in 2018, Frille et al.30 showed that rhEPO did not
promote proliferation of NSCLC cells or affect
chemotherapy‐induced apoptosis, both in normoxic
and hypoxic conditions. For the above reasons, this
study focuses on the effects of rhEPO with different
concentrations (0, 2, and 8 U/ml) on the proliferation
of two NSCLC cell lines, A549 (lower EPOR expres-
sion) and NCI‐H838 (higher EPOR expression), under
normoxic and hypoxic conditions. And we also stu-
died the expression of three proteins (VEGF, HIF‐1α,
and PD‐L1) under different oxygen conditions,
different rhEPO concentrations, and different EPOR
expression levels. The results of the study can
strengthen our cognizance about the application of
rhEPO in NSCLC, especially the effects of rhEPO on
tumor growth, immune escape of tumor cells and
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many other issues under simulated hypoxic condition
in vitro, providing an important basis for the appli-
cation of exogenous EPO in the field of CRA
treatment.

2 | METHODS

2.1 | Cell culture and growth curve assay

The NSCLC cell lines A549 and NCI‐H838 were both
purchased from Procell. They were cultured in Ham's
F‐12K (Kaighn's) medium and RPMI‐1640 medium
(Roswell Park Memorial Institute Medium; ATCC),
both purchased from Gibco (Paisley). The culture
medium was supplemented with 10% fetal bovine
serum (Excell Bio) and 1% penicillin‐streptomycin
double‐antibody solution (Gibco). Both cell lines
were cultured in a cell incubator at 37°C, 5% CO2 and
saturated humidity. Cells in good growth condition
were made into 5 × 104 cells/ml single‐cell suspen-
sion with complete medium and inoculated in the 96‐
well plate (100 µl/well, 5 duplicated wells, i.e., 5 × 103

cells/well) every 24 h. After 8 days, the medium was
discarded and 100 µl 10% cell counting kit‐8 (CCK‐8)
solution (TransGen Biotech) was added to each well,
incubated in a 37% incubator for 1 h, and then the
optical density (OD) value at 450 nm was detected by
enzyme‐labeled instrument (Bio‐Rad). The growth
curves were drawn to determine the logarithmic
growth period of the cell lines for subsequent
experiments.

2.2 | Oxygen conditions and
experimental groupings

The normoxic condition was 37°C, 95% O2, and 5% CO2.
The hypoxic condition was 37°C, 1% O2, 5% CO2, and 94%
N2. The experiments were divided into six groups: nor-
moxia, hypoxia, normoxia + rhEPO low concentration
(2 U/ml), hypoxia + rhEPO low concentration (2U/ml),
normoxia + rhEPO high concentration (8 U/ml), hypox-
ia + rhEPO high concentration (8 U/ml). RhEPO pre-
treatment for 6 h and then continued to incubate for 24
and 48 h.

2.3 | Detection of cell proliferation by
CCK‐8 method

Cells with 90% confluence in a good growth state
were digested with trypsin (0.25% Trypsin‐EDTA;
Gibco) and made into cell suspension, inoculated
into a 96‐well plate, cultured at 37℃ and 5% CO2 for
24 h. Then the culture medium was discarded, and
transfected according to experimental groupings,

and each group was repeated five times. Grouped by
points in time, the medium was discarded after 24
and 48 h of intervention, and 100 µl of 10% CCK‐8
solution was added to each well. After incubation for
1 h, the OD value at 450 nm was measured with the
Microplate Reader.

2.4 | Western blot analysis

According to the experiment groupings, after 48 h
intervention of A549 and NCI‐H838 cells was com-
pleted, collecting 1 × 106 cells to be lysed with 100 μl
of RIPA lysate which had been added to protease
inhibitors and phosphatase inhibitors, and extracting
proteins. The protein concentrations were measured
according to the instructions for use of the BCA
protein concentration quantification kit (TransGen
Biotech). Then, the proteins were separated by
sodium dodecyl sulfate‐polyacrylamide gel electro-
phoresis and transferred to PVDF membranes
(Millipore). Using 0.22 µm membrane for VEGF and
0.45 µm membrane for HIF‐1α, PD‐L1, and β‐actin,
with the transfer time of 90 min for HIF‐1α and
60 min for the other proteins. After being closed with
TBST buffer (Sangon Biotech) containing 5% skim-
med milk powder for 1 h, the primary antibody was
diluted with TBST and incubated overnight at 4°C.
The secondary antibody diluted with TBST was ad-
ded and incubated for 1 h at room temperature. The
membranes were washed three times with 1× TBST
for 10 min/time. SuperSignal West Pico PLUS che-
miluminescence substrate (Thermo Fisher) was used
for development exposure, ChemiScope Mini chemi-
luminescent imaging system (Clinx) was used to de-
tect and photograph, and Image J (1.8.0 version) was
used to quantify western blot bands. The ratio
between the gray value of the target protein after
normalization and the gray value of internal reference
β‐actin was regarded as the relative expression level of
the target protein. Primary antibodies were mouse
anti‐beta‐actin monoclonal antibody (mAb) (1:1000;
100166‐MM10; Sino Biological), rabbit anti‐VEGF
antibody (1:500; bs‐1313R; Bioss), rabbit anti‐HIF‐1α
antibody (1:400; bs‐0737R; Bioss), and rabbit anti‐PD‐
L1 antibody (1:500; bs‐10159R; Bioss); secondary
antibodies were goat anti‐mouse IgG H&L (HRP)
(1:15,000, 1:5000; ab205719; Abcam) and goat anti‐
rabbit IgG H&L (HRP) (1:5000; ab205718; Abcam).

2.5 | Statistical analysis

All data were expressed as mean ± standard deviation
(SD). SPSS 19.0 (IBM SPSS) and GraphPad Prism 9.0
were used for statistical analysis of the data in each
group and making diagrams. And one‐way analysis of
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variance was used for statistics between groups, with
p < 0.05 indicating a significant difference.

3 | RESULTS

3.1 | Growth curves of NSCLC cells under
normoxic condition

The growth curves of A549 and NCI‐H838 cell lines were
measured under normoxic conditions without rhEPO in-
tervention for 7 consecutive days (Figure 1). The curves
were both s‐shaped, consistent with the normal cell
growth. The logarithmic growth period of the two cell lines
was determined, proving that the cell viability was good
and could be used for later intervention experiments.

3.2 | Effects of hypoxic condition and
rhEPO treatment on the proliferation of
NSCLC cell lines

To observe the effects of rhEPO and hypoxic condition on
the proliferation of cell lines with different expression levels

of EPOR, the CCK‐8 method was used to count the two cell
lines under six treatment conditions of normoxia, hypoxia,
normoxia + rhEPO 2U/ml, hypoxia + rhEPO 2U/ml,
normoxia + rhEPO 8U/ml, and hypoxia + rhEPO 8U/ml,
respectively, so as to observe the effects of rhEPO con-
centrations, oxygen conditions and EPOR expression levels
on the proliferation of NSCLC cells, with the normoxia
group as the baseline level. According to the cell diagrams
of the two cell lines under the microscope (×100)
(Figure 2A), the speed of cells proliferation with high EPOR
expression (NCI‐H838) was more likely to be affected by
rhEPO after 48 h of culture.

In both cell lines, the total number of surviving cells was
significantly reduced by hypoxia itself and combined with
rhEPO treatment (p < 0.05) (Tables 1 and 2 and Figure 2).
Under hypoxic conditions, the total number of viable cells
in the rhEPO high‐concentration group of the A549 cell line
increased significantly after 48 h of culture compared to that
without rhEPO treatment (p < 0.05), while the rhEPO high‐
concentration group after 24 h of culture and rhEPO low‐
concentration group had no statistically significant differ-
ence from the untreated group (Table 1 and Figure 2B). In
the hypoxic condition, the survival rate of the NCI‐H838 cell
line increased significantly after 48 h of culture in the rhEPO
low‐concentration group (p < 0.05). Compared with the
untreated group, the survival rate of cells also significantly
increased in the rhEPO high‐concentration group after 24
and 48 h (p < 0.05), but there was no statistically significant
difference from the rhEPO low‐concentration group
(Table 2 and Figure 2C).

3.3 | Hypoxia upregulated the expression
levels of proteins in NSCLC cell lines

We simulated the hypoxic environment within the tu-
mor and cultured the cells in 1% oxygen to explore the
effect of hypoxia on EPO‐related proteins in A549 and
NCI‐H838 cell lines. After 48 h of hypoxia culture, the
relative levels of VEGF, HIF‐1α, and PD‐L1 were sig-
nificantly increased (p < 0.05), indicating that hypoxia
induced the expression of the three proteins in NSCLC
cell lines, which was not related to the expression levels
of EPOR, in other words, the ability of hypoxia to up-
regulate the proteins may not depend on the expression
levels of EPOR (Tables 3 and 4 and Figure 3).

3.4 | Effects of rhEPO on expression of
proteins in NSCLC cell lines

To explore whether rhEPO had effects on expression of
proteins in NSCLC cell lines, cells were pretreated with
different concentrations of rhEPO for 6 h and then the re-
lative expression levels of proteins were measured after
48 h. Western blot analysis showed that the expression le-
vels of VEGF and HIF‐1α in the A549 cell line were

F IGURE 1 (A) Growth curve of the A549 cell line. (B) Growth
curve of the NCI‐H838 cell line
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F IGURE 2 Effect of rhEPO on the proliferation of NSCLC cells. The proliferation of the two cell lines was compared after 24 and 48 h
intervention with rhEPO (0, 2, and 8 U/ml) under normoxic and hypoxic conditions. (A) Cell diagram under an inverted fluorescence microscope
(original magnification ×100). (B) Cell survival rate of the A549 cell line. (C) Cell survival rate of the NCI‐H838 cell line. One‐way ANOVA was used
for statistics (*p < 0.05). The results represented the mean ± SD of five independent experiments. (N: Normoxia; H: Hypoxia). ANOVA, analysis of
variance; NSCLC, non‐small cell lung cancer; rhEPO, recombinant human erythropoietin
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TABLE 1 Effects of different treatments on the proliferation of A549 cells (mean ± SD, n = 5)

Treatments
Cell survival rate (%)
24 h 48 h

Normoxia 100.000 ± 7.459 100.000 ± 8.802

Hypoxia 83.287 ± 8.163a 57.101 ± 4.170a

Normoxia + rhEPO 2 U/ml 99.041 ± 7.593b 104.880 ± 9.112b

Hypoxia + rhEPO 2 U/ml 84.766 ± 6.283a,c 65.422 ± 4.155a,c

Normoxia + rhEPO 8 U/ml 102.839 ± 11.801b,d 98.829 ± 7.256b,d

Hypoxia + rhEPO 8 U/ml 85.726 ± 4.641a,c,e 71.205 ± 6.518a,b,c,e

ap < 0.05 versus Normoxia; bp < 0.05 versus Hypoxia; cp < 0.05 versus Normoxia + rhEPO 2 U/ml; dp < 0.05 versus Hypoxia + rhEPO 2U/ml; ep < 0.05 versus
Normoxia + rhEPO 8U/ml.

TABLE 2 Effects of different treatments on the proliferation of NCI‐H838 cells (mean ± SD, n = 5)

Treatments
Cell survival rate (%)
24 h 48 h

Normoxia 100.000 ± 6.900 100.000 ± 4.048

Hypoxia 72.940 ± 4.553a 64.606 ± 4.956a

Normoxia + rhEPO 2 U/ml 104.149 ± 7.981b 102.088 ± 6.799b

Hypoxia + rhEPO 2 U/ml 79.796 ± 6.851a,c 81.287 ± 9.539a,b,c

Normoxia + rhEPO 8 U/ml 100.180 ± 4.853b,d 107.129 ± 8.827b,d

Hypoxia + rhEPO 8 U/ml 81.960 ± 6.668a,b,c 85.909 ± 4.613a,b,c,e

ap < 0.05 versus Normoxia; bp < 0.05 versus Hypoxia; cp < 0.05 versus Normoxia + rhEPO 2 U/ml; dp < 0.05 versus Hypoxia + rhEPO 2U/ml; ep < 0.05 versus
Normoxia + rhEPO 8U/ml.

TABLE 3 The expression levels of VEGF, HIF‐1α and PD‐L1 in A549 cells (mean ± SD, n = 3)

Treatments VEGF HIF‐1α PD‐L1

Normoxia 0.459 ± 0.038 0.328 ± 0.050 0.391 ± 0.014

Hypoxia 0.632 ± 0.019a 0.579 ± 0.043a 0.659 ± 0.035a

Normoxia + rhEPO 2 U/ml 0.467 ± 0.041b 0.374 ± 0.021b 0.430 ± 0.118b

Hypoxia + rhEPO 2 U/ml 0.599 ± 0.074a 0.510 ± 0.039a,b,c 0.652 ± 0.020a,c

Normoxia + rhEPO 8 U/ml 0.450 ± 0.090b,d 0.311 ± 0.035b,d 0.323 ± 0.037b,c,d

Hypoxia + rhEPO 8 U/ml 0.519 ± 0.098 0.388 ± 0.024b,d,e 0.523 ± 0.029a,b,d,e

Abbreviations: HIF, hypoxia‐inducible factor; PD‐L1, programmed death‐ligand 1; rhEPO, recombinant human erythropoietin; VEGF, vascular endothelial growth
factor.
ap < 0.05 versus Normoxia; bp < 0.05 versus Hypoxia; cp < 0.05 versus Normoxia + rhEPO 2 U/ml; dp < 0.05 versus Hypoxia + rhEPO 2 U/ml; ep < 0.05 versus
Normoxia + rhEPO 8 U/ml.

TABLE 4 The expression levels of VEGF, HIF‐1α, and PD‐L1 in NCI‐H838 cells (mean ± SD, n = 3)

Treatment VEGF HIF‐1α PD‐L1

Normoxia 0.425 ± 0.080 0.387 ± 0.031 0.517 ± 0.063

Hypoxia 0.564 ± 0.073a 0.558 ± 0.042a 0.802 ± 0.058a

Normoxia + rhEPO 2 U/ml 0.432 ± 0.053 0.404 ± 0.017b 0.550 ± 0.024b

Hypoxia + rhEPO 2 U/ml 0.495 ± 0.034b 0.461 ± 0.033a,b,c 0.753 ± 0.062a,c

Normoxia + rhEPO 8 U/ml 0.452 ± 0.057 0.410 ± 0.039b 0.524 ± 0.091b,d

Hypoxia + rhEPO 8 U/ml 0.474 ± 0.061b 0.449 ± 0.021a,b 0.782 ± 0.051a,c,e

ap < 0.05 versus Normoxia; bp < 0.05 versus Hypoxia; cp < 0.05 versus Normoxia + rhEPO 2 U/ml; dp < 0.05 versus Hypoxia + rhEPO 2U/ml; ep < 0.05 versus
Normoxia + rhEPO 8U/ml.
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also significantly higher in hypoxia and hypoxia + rhEPO
2U/ml compared to the normoxia group (p < 0.05), but the
hypoxia + rhEPO 8U/ml group did not have the advantage
of promoting the expression of VEGF and HIF‐1α compared
to the normoxia group. Under the condition of hypoxia, the
expression level of HIF‐1α was significantly different among
0, 2, and 8U/ml rhEPO (p < 0.05), and the expression level

of HIF‐1α decreased with the increase of rhEPO con-
centrations, but not in VEGF (Table 3 and Figure 3a, b, g);
the expression level of PD‐L1 at 8U/ml rhEPO was sig-
nificantly decreased compared with that at 0 and 2U/ml
rhEPO, respectively (p < 0.05), but there was no statistical
difference between rhEPO 0 and 2U/ml groups, demon-
strating that the expression of PD‐L1 was reduced only at

F IGURE 3 Western blot analysis of EPO‐related molecules in NSCLC cell lines. The expression of each protein was compared after 48 h
intervention with rhEPO (0, 2, and 8 U/ml) under normoxic and hypoxic conditions. (A) The histogram showed the relative expression levels
of VEGF, HIF‐1α, and PD‐L1 in A549 cells (*p < 0.05). (B) The histogram showed the relative expression levels of VEGF, HIF‐1α, and PD‐L1 in
NCI‐H838 cells (*p < 0.05). (C) Western blot bands. The immune response was developed by rabbit anti‐VEGF antibody, rabbit anti‐HIF‐1α
antibody, rabbit anti‐PD‐L1 antibody, and mouse anti‐β‐actin monoclonal antibody. β‐actin was used as a loading control. The results represented
the mean ± SD of three independent experiments. It showed a representative print. (N: Normoxia; H: Hypoxia). EPO, erythropoietin;
HIF, hypoxia‐inducible factor‐1α; NSCLC, non‐small‐cell lung carcinoma; VEGF, vascular endothelial growth factor
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higher concentrations of rhEPO, with no effect at lower
concentrations (Table 3 and Figure 3c, g).

The expression level of VEGF in the NCI‐H838 cell line
was not significantly increased under hypoxia and rhEPO
intervention compared to the normoxia group, but there
was a significant increase in the expression level of HIF‐1α
under hypoxia and rhEPO intervention compared to the
normoxia group (p < 0.05). Under the condition of hypoxia,
the expression levels of VEGF and HIF‐1α were significantly
decreased at lower and higher concentrations of rhEPO
compared to those without rhEPO treatment (p < 0.05), but
there was no significant difference between 2U/ml rhEPO
and 8U/ml rhEPO (Table 4 and Figure 3d, e, h). RhEPO did
not affect the PD‐L1 expression in the NCI‐H838 cell line
(Table 4 and Figure 3f, h).

The results showed that rhEPO could reduce the ex-
pression levels of VEGF and HIF‐1α in NSCLC cell lines
under the condition of hypoxia. In the A549 cell line, the
effect on HIF‐1α expression became more obvious with
higher rhEPO concentrations, and lower concentrations of
rhEPO in VEGF expression may have no effect. In the NCI‐
H838 cell line, rhEPO reduced the expression level of VEGF
more significantly, but it may not be related to the con-
centrations of rhEPO. RhEPO had no effect on the PD‐L1
expression of EPOR high expression cell lines, and the effect
on EPOR low expression cell lines only occurred when the
concentrations of rhEPO were higher.

4 | DISCUSSION

Hypoxia is a common feature of most solid tumors.31 In
addition, tumor cells show strong adaptability to the
hypoxic environment. In the hypoxic microenvironment
of the tumor, tumor cells can not only survive but also
continue to proliferate. It had been reported that
hypoxia can promote tumor cells apoptosis, showing
resistance to chemotherapeutic drugs, and had positive
effects on cancer progression and metastasis, reducing
the survival rate of cancer patients.18,32,33 Recombinant
human EPO has been used in the treatment of CRA for
many years.34

The aim of this study was to explore the correlation
between EPO and the growth of NSCLC cell lines under
a hypoxic environment, including cell proliferation and
the expression of tumor growth, immune escape‐related
proteins. In our experiments, hypoxia itself reduced the
number of survived cells, in other words, compared with
normoxic environments, the proliferation ability of tu-
mor cells in a hypoxic environment was reduced, but
cells can continue to proliferate.

The safety of exogenous EPO in the treatment of CRA
has been controversial. At present, there are four view-
points: EPO does not protect cells from chemotherapy‐
induced apoptosis, and has no effect on the proliferation
of tumor cells and the survival or prognosis, as seen in
cancers such as small cell lung cancer, head and neck

cancer, and lymphoma35–39; EPO does not stimulate the
proliferation of tumor cells, but protects cells from
apoptosis, decreases the sensitivity to chemotherapeutic
drugs, and affects immune escape of tumor cells, which
has been demonstrated in prostate cancer, cervical
cancer and other cancers22,40–42; rhEPO not only induces
the proliferation of cells in the tumor microenviron-
ment, but also protects cells from chemotherapy‐
induced apoptosis, increases resistance to chemother-
apeutic drugs, and enhances the risk of tumor
progression and death, which has been reported in renal
cell carcinoma, hepatocellular carcinoma, breast cancer,
and head and neck squamous cell carcinoma43–46; when
combined with antineoplastic drugs, rhEPO has a sy-
nergistic inhibitory effect, promoting cells apoptosis,
resisting cells proliferation, and inhibiting the progres-
sion of tumors, as seen in studies of breast and color-
ectal carcinoma.47,48

VEGF, HIF‐1α, and programmed death molecule
ligand 1 (PD‐L1) are the proteins associated with reg-
ulating angiogenesis, tumor cells proliferation, metabo-
lism, metastasis, and immune escape. In our study, the
expression of HIF‐1α demonstrated the successful estab-
lishment of the hypoxia model. Hypoxia can upregulate
protein expression levels and increase the progression of
tumors and immune escape of tumor cells, but may not
be dependent on EPOR expression levels.

Positive EPOR compared with negative EPOR may
increase the disadvantage of rhEPO for the treatment of
head and neck squamous cell carcinoma.49 In our study,
rhEPO was also found to promote the proliferation of
tumor cells, especially in cell lines with high EPOR ex-
pression. However, to a certain extent, rhEPO had an
inhibitory effect on the expression of proteins which
were related to tumor cells' growth and immune escape.
In cell lines with low EPOR expression, this inhibition
was correlated with the concentrations of rhEPO, and
the inhibition became more serious with the increase of
the concentrations. In the cell strains with high EPOR
expression, concentrations may not affect the inhibitory
effect, and rhEPO did not interfere with the immune
escape of tumor cells.

Due to the limitations of this study, we did not ex-
plore whether the antagonistic effect of rhEPO on the
expression of proteins attributed to the fact that rhEPO
itself can downregulate proteins or interfere with the
ability of hypoxia to induce proteins. Some studies have
shown that HIF‐1 can activate the expression of VEGF
and the expression of PD‐L1 may be dependent on au-
tocrine VEGF.50–52 Therefore, we could not confirm
whether the ability of hypoxia to up‐regulate the protein
levels was due to the independent effect of hypoxia or
the indirect promoting effect of protein‐protein inter-
action. At the same time, we also had a limitation of the
study. Due to the existence of EPOR, we did not explore
the direct effects of EPO on the cell survival and ex-
pression of three proteins (VEGF, HIF‐1α, and PD‐L1).
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Future experiments need to focus on the mechan-
isms by which hypoxia induces VEGF, PD‐L1, and
rhEPO reduces the expression levels of proteins.
Meanwhile, we are applying for the related topic of
EPOR gene knock‐down and overexpression in cell lines.
It will be a good comparison before and after to knock
down EPOR in NCI‐H838 cell line by small interfering
RNA or transfer overexpressed EPOR gene into the A549
cell line, which will be more convincing. And the direct
effect of EPO can be verified by knocking out the
EPOR gene.

In addition, we can combine EPO with chemother-
apeutic drugs in tumor models to explore how to make
the drugs play their proper roles and to better snuff out
the tumor cells.

In conclusion, in the simulated tumor hypoxic mi-
croenvironment, hypoxia can increase tumor growth
and immune escape of tumor cells, and rhEPO can
promote the proliferation of tumor cells, but reduce the
expressions of VEGF, HIF‐1α, and PD‐L1, and to some
extent, it is affected by the expression levels of EPOR
and rhEPO concentrations.
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