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Abstract: Previous study reported that gastric cancer-derived granulocyte-macrophage colony-stimulating factor
(GM-CSF) could mediate neutrophil activation and induce PD-L1 expression through JAK2/STAT3 signaling path-
way. Moreover, this pathway in various cancers could also regulate PD-L1 expression of tumor cells. Therefore,
our study aimed to investigate whether the JAK2/STAT3 pathway regulates PD-L1 expression in tumor-associated
macrophages (TAMs) in oral squamous cell carcinoma (OSCC), which can help us achieve further understanding of
immune escape mechanisms in OSCC. We induced human monocytes THP-1 into MO, M1, and M2 macrophages,
and applied them to common medium and tumor-conditioned medium, the latter was collected from two types of
OSCC cell line. Western blot and RT-PCR were used to detect PD-L1 expression and activation of JAK2/STAT3 path-
way in macrophages under various conditions. We found that GM-CSF in tumor-conditioned medium from OSCC
cells increased PD-L1 expression in MO macrophages in a time-dependent manner. Moreover, both GM-CSF neu-
tralizing antibody and JAK2/STAT3 pathway inhibitor AG490 could inhibited its up-regulation. In the meantime, we
confirmed that GM-CSF indeed acted through JAK2/STAT3 pathway by measuring phosphorylation of key proteins in
this pathway. Therefore, we concluded that OSCC cell-derived GM-CSF was able to up-regulate PD-L1 expression in
TAMs through JAK2/STAT3 signaling pathway.
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Introduction

Oral squamous cell carcinoma (OSCC) is the
most common type of head and neck malignan-
¢y, accounting for over 90% [1]. According to
the American Cancer Society, approximately
500,000 new patients are diagnosed with
OSCC annually worldwide in 2019 [2]. Although
the treatments for controlling the primary tu-
mor of oral cancer have made some progress,
including surgery, radiotherapy and chemother-

apy, the 5-year overall survival rate has re-
mained at a low level in recent years. It is close-
ly related to its primary site recurrence, local
invasive growth, and early lymph node metasta-
sis [3, 4]. Moreover, due to the special location
of OSCC, radical surgical resection and radio-
therapy may cause severe structural and func-
tional damage and significantly reduce the qual-
ity of life of patients [4]. Recent evidence has
pointed out that the PD-1/PD-L1 axis is typi-
cally altered in a significant proportion of 0SCC
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cases, so immunotherapy against this target
offers new ideas for the treatment of OSCC [5].

PD-1/PD-L1 checkpoint blockade is the most
studied and fastest developing clinical tumor
immunotherapy [6]. Programmed cell death-
ligand 1 (PD-L1) is a transmembrane protein
expressed on tumor cells and tumor-infiltrating
immune cells, which can interact with pro-
grammed cell death protein 1 (PD-1) usually
expressed on activated T lymphocytes, causing
an immune response against tumor cells as
an anti-tumor role [5]. PD-L1 expression has
been proved to be high in human OSCC sam-
ples, which has a significant correlation with
overall survival time [7]. Recently, it has been
shown that tumor cells are not the only one
can express PD-L1, immune cells in the tumor
microenvironment, such as tumor-associated
macrophages (TAMs), can also selectively ex-
press high level of PD-L1 [8, 9].

As the most abundant non-cancerous cells in
the tumor microenvironment (TME), Macro-
phages play a key role in the development of
tumors [10]. Under the stimulation of multiple
cytokines, macrophages always polarize into
two forms: M1 macrophages, with pro-inflam-
matory and tumor-suppressive effects, and
highly express NOS2 and IL-1B3; M2 macro-
phages, with anti-inflammatory and tumor-pro-
moting effects, and highly express Argl and
CD163 [11, 12]. These two types of polarized
macrophages are called tumor-associated ma-
crophages, so blocking the tumor-promoting
effect of TAMs can inhibit tumor development
[13]. High expression of PD-L1 in TAMs can
enhance the immunosuppressive state of the
TME, inhibits T cell immune activation, and
assist tumor cell immune escape, thus affect-
ing the chronicity and effectiveness of tumor
immunotherapy [8, 9]. Therefore, PD-L1 in mac-
rophages may be a potential anti-tumor target,
but there is still few research on the expres-
sion mechanism of PD-L1 in TAMs. Combined
with the above information, our study focused
on the factors that may affect PD-L1 expres-
sion in TAMs.

The JAK2/STAT3 signaling pathway consists
of tyrosine kinase-related receptors, tyrosine
kinase JAK2 and transcription factor STAT3
[14], which is the main signaling pathway regu-
lating PD-L1 expression [15]. Abnormal expres-
sion of the JAK2/STAT3 signaling pathway has
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been detected in various cancers, and its over-
activation leads to signaling pathway disorders
that disrupt downstream genes, thus resulting
in tumor immune escape. Previous studies had
demonstrated that in various cancers, includ-
ing head and neck squamous cell carcinoma,
lung, gastric, prostate and breast, JAK2/STAT3
pathway could regulate PD-L1 expression in
tumor cells [16-18]. In contrast, in oral squa-
mous cell carcinoma, there are no studies on
JAK2/STAT3 pathway regulating PD-L1 expres-
sion in macrophages.

Granulocyte-macrophage colony-stimulating fa-
ctor (GM-CSF), a cytokine, can regulate the pro-
liferation and differentiation of mature granulo-
cytes and myeloid stem cells [19]. It has been
reported that GM-CSF can bind to JAK2 recep-
tors on the cell membrane surface to phos-
phorylate them, thereby activating JAK2 [20].
Another study found that gastric cancer-de-
rived GM-CSF could activate neutrophils and
induce their PD-L1 expression via the JAK2/
STAT3 signaling pathway [21]. Consequently,
we speculated that OSCC cell-derived GM-CSF
may similarly be able to promote PD-L1 expres-
sion in macrophages through the JAK2/STAT3
signaling pathway.

In our study, we determined the relationship
between OSCC cell-derived GM-CSF, JAK2/ST-
AT3 pathway, and PD-L1 expression in TAMs.
Our results showed that the PD-L1 expression
in TAMs could be up-regulated by GM-CSF from
OSCC cells, and JAK2/STAT3 pathway was its
channel. This conclusion enlightens us that
PD-L1 in TAMs may be a potential target for
tumor therapy, with great significance for the
development of tumor treatment in the future.

Materials and methods

Tumor cell culture and conditioned medium
(CM) collection

Human OSCC cell lines CAL27 and HN4 (ATCC,
USA) cells were cultured in RPMI 1640 medium
(GIBCO, USA) containing 10% fetal bovine se-
rum (FBS), 1% penicillin and streptomycin,
and were maintained at 37°C in a humidified
5% CO, incubator. When the cell confluence
reached 80%-90%, the cells were digested by
0.25% trypsin (Thermo Scientific, USA) and
then plated into 6-well plates. After culturing
until a certain density was reached and the
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cells were in good condition, the FBS-free cul-
ture medium was replaced for 24 h. We collect-
ed the cell supernatant and centrifuged it at
1000 rpm for 5 min, and the bottom sediment
was discarded. The rest was mixed with RPMI
1640 medium containing 10% FBS in a 1:2
ratio, as the conditioned medium for inducing
macrophages.

Macrophage polarization and co-culture

THP-1 cells (Cell Bank of Chinese Academy of
Sciences, Shanghai) were cultured in RPMI
1640 medium containing 10% FBS, 50 yM/L
B-mercaptoethanol, 1% penicillin and strepto-
mycin, maintained at 37°C in a humidified 5%
CO, incubator for 2-3 days per 1 passage. We
seeded THP-1 cells, which were at the logari-
thmic growth phase, into 6-well plates at a
density of 1x10%/mL per well. PMA inducer
(Biyuntian, Shanghai) at a final concentration
of 100 ng/mL was added to each well for sti-
mulation, and cell morphology was closely
observed under the microscope. Human mono-
nuclear macrophages (MO macrophages) were
obtained after 48 hours. The original culture
medium was discarded, and the MO macro-
phages were washed twice with PBS buffer
then cultured in RPMI 1640 medium in two
groups. M1 inducer (20 ng/mL IFN-y and 100
ng/mL LPS, Biyuntian, Shanghai) was added
to one group, and M2 inducer (20 ng/mL IL.-4
and 20 ng/mL IL-13, Biyuntian, Shanghai) was
added to the other group. Cell morphology was
observed that MO macrophages were respec-
tively polarized into M1 macrophages and M2
macrophages after 24-hour-treatment. MO, M1
and M2 macrophages were cultured in CAL27
and HN4 conditioned medium for 48 h, res-
pectively, to simulate the tumor microenviron-
ment, and determine PD-L1 expression in
TAMs. The growth morphology of MO, M1 and
M2 macrophages was observed with an invert-
ed phase contrast microscope and its photo-
graphic system every 12 h, pictures and records
were stored.

Tumor-associated macrophages processing

All tumor-associated macrophages were divid-
ed into two major groups: complete medium
group and tumor-conditioned medium group.
In complete medium group, MO macrophages
were all cultured in RPMI 1640 medium. The
control group without any additional substan-
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ce was named MO group. One experimental
group whose medium containing GM-CSF ex-
ogenous recombinant protein (Sinobiologica,
Beijing) at 10 ng/mL, was named GM-CSF
group. The other was first added with 50 yM
AG490 (MCE, USA) for 2 h, followed by 10 ng/
mL GM-CSF exogenous recombinant protein,
named AG490+GM-CSF group. In tumor condi-
tioned medium group, MO macrophages were
all cultured in CAL27 and HN4 tumor-condi-
tioned medium. The control group without any
additional substance was named CM group.
One experimental group, whose medium con-
taining GM-CSF neutralizing antibody (R&D
Systems, USA) at 1 yg/mL, was named CM+
GM-CSF antibody group. The other experimen-
tal group whose medium containing AG490 at
50 uM, was named CM+AG490 group.

Western blot

Total proteins of MO, M1 and M2 macrophages
from experimental and control groups were
obtained by lysis buffer, respectively, and the
BCA Protein Assay Kit (Biyuntian, Shanghai)
was used to determine their concentrations.
We collected the precipitated proteins using
SDS loading buffer. These protein samples
were electrophoresed through 10% SDS-PAGE
gels, and then transferred to polyvinylidene
difluoride (PVDF) membranes. After blocking,
membranes were probed with primary anti-
bodies, which included PD-L1 (1:1000, Cell
Technology, USA), JAK2 (1:1000, ABAid, PRC),
p-JAK2-Y1007/1008 (1:800), STAT3 (1:1000,
ABAid, PRC) and p-STAT3-Y705 (1:1000), at
4°C for 12 h. Washing and incubating with the
secondary antibody (1:5000), which was con-
jugated to horseradish peroxidase, at room
temperature for 1.5 h. Protein bands were visu-
alized by the chemiluminescent reagent, and
the image information was obtained. The gray
values of images were acquired by Image lab
software, followed by correcting the internal
reference and analyzing protein expression.

Reverse transcription-polymerase chain reac-
tion (RT-PCR)

Monocytes/macrophages were collected sepa-
rately from control and experimental groups,
and total RNA from each group sample was
extracted with Trizol (Invitrogen, USA). Total
RNA was reversed to cDNA by RevertAid First
Strand cDNA Synthesis Kit (Thermo Scienti-
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Table 1. RT-PCR primer sequences

Name Sequence (5’-3’)
PD-L1-F TATGGTGGTGCCGACTACAA
PD-L1-R TGCTTGTCCAGATGACTTCG

GAPDH-F CTCCTCCTGTTCGACAGTCAGC
GAPDH-R CCCAATACGACCAAATCCGTT

IL1B-F CAATATTAGAGTCTCAACCCCCA
IL1B-R CCGTCGAGGATGTACCGAAT
NOS2-F CCAAGCCCTCACCTACTTCC
NOS2-R CTCTGAGGGCTGACACAAGG
Argl-F TGGACAGACTAGGAATTGGCA
Argl-R CCAGTCCGTCAACATCAAAACT

CD163-F TTTGTCAACTTGAGTCCCTTCAC
CD163-R TCCCGCTACACTTGTTTTCAC

fic, USA), and SYBRGreen RealMaster-Mix Kit
(Tiangen, Beijing) was used for RT-PCR based
on standard protocols. GAPDH was used to
normalize the relative gene expression. The
threshold cycle (CT) value was used to reflect
the gene content, and the differential gene
expression between groups was compared
through the 2-AACT relative quantification
method, followed by obtaining the data. The
primers synthesized by Sangon Biotech
(Shanghai) are shown in Table 1.

Statistical analysis

GraphPad Prism 9.0 software was used for
statistical analysis. The data were expressed
as the mean * SD from at least three indepen-
dent experiments. Student’s t test was per-
formed to compare two groups, and compari-
sons among multiple groups were conducted
using one-way analysis of variance (ANOVA). A
P value of less than 0.05 was considered sta-
tistically significant.

Results

M1 and M2 macrophages were successfully
induced from THP-1 cells

Morphological changes of macrophages: We
first induced THP-1 cells into MO macrophages
after 48-hour-stimulation with PMA inducer.
Next, we added the M1 inducer and M2 indu-
cer to polarize MO macrophages into M1 and
M2 macrophages, respectively. The transpar-
ent spherical cells originally suspended in the
culture medium gradually adhered, spreading
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nearly completely, and more adhesive to each
other. The morphology also gradually stabiliz-
ed. M1 macrophages showed a full ovoid pan-
cake-like morphology, and M2 macrophages
showed an elongated fibroblast-like morpholo-
gy. These cell morphology under microscope is
shown in Figure 1.

Macrophage phenotyping identification: To
determine M1 and M2 macrophages were in-
duced successfully, RT-PCR was used to detect
the mRNA expression of NOS2, IL-1, Argl and
CD163 at the transcriptional level. The results
shown in Figure 2 suggested that the mRNA
expression of NOS,, IL-1B, Argl and CD163
could be detected in all three macrophage
groups. The mRNA expression of NOS, and
IL-1B in M1 macrophages was significantly
higher than that in both THP-1 cells and M2
macrophages, while the mRNA expression of
Argl and CD163 in M2 macrophages was
significantly higher than that in both THP-1
cells and M1 macrophages. The above results
demonstrated that we induced M1 and M2
macrophages successfully.

The tumor microenvironment regulates PD-L1
expression in TAMs by promoting M2 macro-
phages polarization

Tumor conditioned-medium hardly up-regu-
lates PD-L1 expression in M2 macrophages:
MO, M1 and M2 macrophages, which are
induced from THP-1 cells, were cultured in
CAL27 and HN4 conditioned medium for 48 h
to co-culture with tumor cells indirectly. Total
proteins from each group with and without co-
culture were collected, and intracellular PD-L1
expression was detected by western blot. Each
experiment was repeated three times. The re-
sults were shown in Figure 3. Compared with
MO macrophages, the expression of PD-L1 in
M1 macrophages (P<0.05) and M2 macro-
phages (P<0.01) were significantly higher, indi-
cating that PD-L1 in the TME may be secreted
predominantly by M2 macrophages. After indi-
rect co-culture with CAL27 cells, PD-L1 expres-
sion in MO+CM group was higher than MO
group (1.592 folds, P<0.05), and which in M1+
CM group was higher than M1 group (3.721
folds, P<0.001). Nevertheless, there is no sta-
tistical significance between M2 group and
M2+CM group (P>0.05). Similarly, indirect co-
culturing with HN4 cells, PD-L1 expression in
the MO+CM group was higher than MO group

Am J Cancer Res 2023;13(2):589-601



GM-CSF regulation of PD-L1 expression

Figure 1. Morphological changes of MO, M1 and M2 macrophages induced
by THP-1 cells (x200). A. THP-1 cells; B. MO macrophages treated with PMA
inducer; C. M1 macrophages treated with LPS and IFN-y; D. M2 macro-
phages treated with IL-4 and IL-13.

(1.552 folds, P<0.05), and that in the M1+CM
group was higher than M1 group (4.002 folds,
P<0.001), and no statistical significance be-
tween M2 group and M2+CM group (P>0.05).
Therefore, it was demonstrated that CAL27 and
HN4 conditioned medium could up-regulate
PD-L1 expression in MO and M1 macrophages,
but its effect on M2 macrophages was not
significant.

Tumor-conditioned medium promotes MO mac-
rophages transforming into M2 macrophages:
To investigate how tumor-conditioned medium
up-regulates PD-L1 expression in TAMs, we
applied CAL27 and HN4 conditioned medium
to unpolarized MO macrophages for 12 h, 24
h and 48 h, respectively, which made TAMs
construction. Firstly, microscopic characteris-
tics of all groups were observed. As shown in
Figure 4, gradual adherence was observed in
either fully differentiated or undifferentiated
macrophages. The adherent cells were round
with good refraction in the beginning. With the
increase of culture time, the cells gradually
became shuttle-shaped, both ends became
sharpened, and pseudopodia were observed in
some cells, which were morphologically simi-
lar to M2 macrophages. It suggested that the
tumor microenvironment has the property of
promoting M2 macrophages polarization, which
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is consistent with relevant re-
search [22].

Next, CAL27 and HN4 condi-
tioned medium were applied
to MO macrophages for 48 h.
Total RNA from each group
was collected and detected by
RT-PCR for the mRNA expres-
sion of PD-L1. Each experi-
ment was repeated three ti-
mes. As shown in Figure 5,
the mRNA expression of PDL1
in the cells cultured in CAL27
conditioned medium (1.695
folds, P<0.01) and HN4 condi-
tioned medium (1.863 folds,
P<0.01) was higher than the
control group. Consequently,
we confirmed that at both
morphological and mRNA le-
vels, the tumor-conditioned
medium of OSCC cells had the
ability to up-regulate PD-L1
expression in TAMs, which acted by promoting
M2 macrophages polarization.

GM-CSF can up-regulate PD-L1 expression in
TAMs via JAK2/STAT3 pathway

To further investigate the components in tu-
mor-conditioned medium that promote PD-L1
expression in TAMs, we selected GM-CSF, a
common inflammatory factor secreted by tu-
mor cells, to verify whether GM-CSF has this
ability. We treated MO macrophages with 10
ng/mL GM-CSF exogenous recombinant pro-
tein for 12 h, 24 h and 48 h, respectively.
Proteins from each group were collected and
the PD-L1 expression was detected by western
blot. Each experiment was repeated three
times. As shown in Figure 6A, after treating
with GM-CSF for 12 h (1.423 folds, P<0.05),
24 h (1.818 folds, P<0.001) and 48 h (1.675
folds, P<0.01), PD-L1 expression in MO macro-
phages was higher than the control group, and
was in a time-dependent manner. The most
significant treatment time was 24 h.

AG490, an inhibitor of JAK2/STAT3 pathway,
could reduce STAT3 phosphorylation by inacti-
vating JAK2 selectively [23]. To verify whether
the JAK2/STAT3 pathway is the channel for
GM-CSF to promote PD-L1 expression, we sti-
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mulated MO macrophages with AG490 (50 uM)
for 2 h to fully inhibit the JAK2/STAT3 pathway,
after that treated MO macrophages with 10 ng/
mL GM-CSF exogenous recombinant protein
for 12 h, 24 h, and 48 h, respectively. Proteins
from each group were collected and the PD-
L1 expression was detected by western blot.
Each experiment was repeated three times. As
shown in Figure 6B, the up-regulation of PD-L1
expression by GM-CSF could be reversed by
AG490 in a significant time-dependent manner.
When AG490 was treated for only 12 h, the
experimental group has no statistically signifi-
cant difference with the control group, while
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compared with the control
group, the PD-L1 expression
in the 24-hour (0.677 folds,
P<0.01) and 48-hour (0.452
folds, P<0.0001) groups were
significantly higher. It was fur-
ther demonstrated that GM-
ns CSF could up-regulate PD-L1
expression in MO macropha-
ges through JAK2/STAT3 path-

way.
T
The promoting effect of tumor-
conditioned medium on PD-L1
expression in TAMs is associ-
ated with GM-CSF regulation
S & S of JAK2/STAT3 pathway
&

GM-CSF can activate the
JAK2/STAT3 signaling path-
way: To verify the relationship
between the up-regulation of
PD-L1 expression in TAMs by
tumor conditioned medium,
tumor-derived GM-CSF and JAK2/STAT3 path-
way, we set up CM group, CM+GM-CSF anti-
body group and CM+AG490 group. MO macro-
phages of all groups were respectively cultured
for 48 h, and then the expression of JAK2,
STAT3 and their phosphorylated proteins was
detected by western blot. Each experiment was
repeated three times. As shown in Figure 7, co-
cultured with CAL27 conditioned medium, the
phosphorylation levels of JAK2 (0.780 folds,
P<0.05) and STAT3 (0.630 folds, P<0.01) in MO
macrophages of CM+GM-CSF antibody group
were decreased compared with CM group. In
CM+AG490 group, the phosphorylation levels
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of JAK2 (0.494 folds, P<0.001) and STAT3
(0.322 folds, P<0.001) in MO macrophages
were also decreased. Similarly, co-cultured wi-
th HN4 conditioned medium, the phosphoryla-
tion levels of JAK2 (0.749 folds, P<0.01) and
STAT3 (0.623 folds, P<0.01) in MO macro-
phages of CM+GM-CSF antibody group were
decreased compared with CM group. In CM+
AG490 group, the phosphorylation levels of
JAK2 (0.590 folds, P<0.001) and STAT3 (0.355
folds, P<0.001) in MO macrophages were also
decreased. Therefore, the JAK2/STAT3 path-
way was significantly inhibited compared with
the CM group when GM-CSF in tumor-condi-
tioned medium was neutralized, revealing that
GM-CSF indeed acted via the JAK2/STAT3
pathway.

GM-CSF neutralizing antibody and JAK2/STAT3
signaling pathway inhibitor can both down-reg-
ulate PD-L1 expression in TAMs: To prove that
GM-CSF in tumor-conditioned medium up-regu-
lated PD-L1 expression in TAMs was achieved
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by activating the JAK2/STAT3 pathway. The
proteins of CM group, CM+GM-CSF antibody
group and CM+AG490 group were collected
and detected the expression of PD-L1 by west-
ern blot. Each experiment was repeated three
times. As shown in Figure 8, co-cultured with
CAL27 conditioned medium, compared with
CM group, the PD-L1 expression in MO macro-
phages was decreased in CM+GM-CSF anti-
body group (0.653 folds, P<0.01) and CM+
AG490 group (0.429 folds, P<0.0001) com-
pared with CM group. Similarly, co-cultured with
HN4 conditioned medium, compared with CM
group, that was also decreased in the CM+GM-
CSF antibody group (0.747 folds, P<0.01) and
CM+AG490 group (0.603 folds, P<0.001). It
indicated that tumor-conditioned medium up-
regulated PD-L1 expression was associated
with tumor-derived GM-CSF regulating JAK2/
STAT3 pathway.

At the same time, we set up the same three
groups, collected their RNA from each group,
and detected the mRNA expression of PD-L1
by RT-PCR. Each experiment was repeated
three times. As shown in Figure 9, co-cultured
with CAL27 conditioned medium, PD-L1 expr-
ession in MO macrophages was decreased in
the CM+GM-CSF antibody group (0.750 folds,
P<0.001) and CM+AG490 group (0.601 folds,
P<0.0001) compared with CM group. Similarly,
co-cultured with HN4 conditioned medium, that
was also decreased in the CM+GM-CSF anti-
body group (0.784 folds, P<0.01) and CM+
AG490 group (0.680 folds, P<0.01). It was fur-
ther confirmed at mRNA level that up-regulation
of PD-L1 expression by tumor conditioned me-
dium was associated with GM-CSF regulating
JAK2/STAT3 pathway.
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have been developed, they
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clinical practice and poor effi-
cacy in most patients, for tu-
mors in a complex tumor im-
mune microenvironment are
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Figure 6. PD-L1 expression in MO macrophages cultured in common medi-
um, including MO group, GM-CSF group and AG490+GMCSF group, detected
by western blot. A. Before and after GM-CSF treatment; B. Before and after
AG490 treatment. "P<0.05; "P<0.01; """P<0.001; "*P<0.0001.

Discussion

Immune escape is one of the important factors
that lead to tumor invasion and metastasis
and affect the therapeutic effect of tumors. In
recent years, with the breakthrough of cancer
immunotherapy in scientific research and clini-
cal practice, tumor immunotherapy has be-
come one of the most promising cancer treat-
ment methods. PD-1, as the hottest immune
checkpoint, is highly expressed in various im-
mune cells such as activated T cells, B cells
and monocytes. PD-L1 is the main ligand of
PD-1 that mainly expressed in tumor cells,
belonging to the B7 family. It has aroused high
concern due to its selective high expression on
the surface of various tumors, such as lung
cancer, melanoma, bladder cancer, renal can-
cer, and OSCC [24, 25]. When PD-1 binds to
PD-L1, it is able to down-regulate the secre-
tion of T cell activating factors, such as IL-12,
IFN-y and TNF-a, and inhibit the activation and
proliferation of T cells and induce T cell apopto-
sis, result in leading to the immune escape of
tumor cells [6]. Consequently, targeting PD-1/
PD-L1 for treatment, developing blockers
against this target, restoring T cell activity, and
realizing long-term immunotherapy are the cur-
rent focus of research [26]. Although anti-PD-
L1 drugs, such as Atezolumab and Durvalumab,
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regulated intricately at multi-
ple levels of the immune net-
work [27, 28]. It requires us to
further explore the mecha-
nisms of immune escape and
seek effective biomarkers, so
as to adjust cancer treatment
strategies pertinently.

Great malleability is a typical
feature of macrophages, and
different functional character-
istics are obtained when dif-
ferent signals from the tumor
immune microenvironment st-
imulate. Previous studies sh-
owed that macrophages expr-
essed more abundant PD-L1
than tumor cells in tumor biopsy specimens
from patients with renal cell carcinoma, mela-
noma, non-small cell lung, colorectal tumors,
and head and neck carcinoma [29, 30]. Kim
HR et al. also reported that PD-L1 expression
in immune cells instead of tumor cells, was a
favorable prognostic factor in patients with oral
cancer [31]. These results all demonstrate that
PD-L1 may be a more effective target for can-
cer immunotherapy now. Subsequently, Jiang C
et al. found that TAMs expressed more PD-L1
than normal tissue macrophages in OSCC,
which induced T cell apoptosis. At the same
time, they found when monocytes collected
from peripheral blood with low PD-L1 expres-
sion were co-cultured with primary tumor cells
from OSCC patients, PD-L1 expression was up-
regulated in monocytes/macrophages and had
the ability to induce T cell apoptosis [32]. These
results indicate that tumor cells in OSCC can
induce PD-L1 expression in TAMs through cer-
tain mechanisms, but we know little about
them now.

Our research found that macrophages co-cul-
tured with CAL27 and HN4 cells gradually
adhered, intercellular adhesion increased, and
cell morphology gradually changed from round
to spindle, with some extended pseudopodia,
which tended to transform into M2 macro-

Am J Cancer Res 2023;13(2):589-601



GM-CSF regulation of PD-L1 expression

GM-CSF antibody - + -
AG490 — — + Figure 7. The expression of key factors of JAK2/
STAT3 signaling pathway in CM group, CM+GM-
CSF antibody group and CM+AG490 group,
_ detected by western blot. *P<0.05; ""P<0.01;
— — —
HN4
kK
ook *oksk sKkkk
sk il
109 * 104 1.0+ 1.0+
® ° ° °
§ oo %o % o0e] E oo
S g £k 1
2 < 0.6 @ < 0.6+ 2 = 0.6+ S = 0.6-
82 53 ° g 2.
ag 58 50 ¥
o 0.4 o < 0.4- o < 0.4+ o < 0.4
23 £33 2 "3 zh
5202 5202 58, S8,
& . g e 2 u § .
0.0- 0.0- 0.0~ 0.0-
GM-CSF antibody - + - 'GM-CSF antibody - + - ‘GM-CSF antibody - + - GM-CSF antibody - + -
AG490 - - + AG490 - - + AG490 - - + AG49 = =
CAL27 HN4 CAL27 HN4
GM-CSF antibody — + — — + — and IL-12p40 were less str-
AG490 — = + = . + ongly expressed in TAMs rela-

po-L1 (R
caroH (NN

CAL27 HN4

0.8

0.6

0.4+

Relative protein level

| : ¥
*
Relative protein level

0.2+
0.0- 0.0-
GM-CSF antibody = + - GM-CSF antibody = + -
AG#0 - - + AG#0 = - +
CAL27 HN4
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""P<0.001; ""P<0.0001.

tive to PBMC-derived M1 ma-
crophages, but M2-related
mRNAs such as those of IL-
10, VEGF-A, VEGF-C, MMP-1,
and amphiregulin were more
strongly expressed in TAMSs.
Meanwhile, M1 macrophages
were induced to differentiate
into the M2 phenotype by
coexistence of gastric cancer
cells. Lian et al. [33] also
found that colon cancer cells
promoted M2 polarization of
macrophage from monocytes.
The level of M1-related cyto-
kines IL-6 and IL-1p decreas-
ed by approximately 25% in
THP-1 co-cultured with colon
cancer cells, whereas the level
of M2-related markers 1L-10
and Arginase-1 increased by
about 100% in THP-1 co-cul-
tured with colon cancer cells
compared to THP-1 group. By

phages. Previous literature has confirmed in establishing a co-culture system, Zhou et al.
detail that tumor microenvironment promotes [34] support a hypothesis that OSCC cells
the polarization of M2 macrophages in TAM. actively recruit peripheral monocytes into the
Yamaguchi et al. [22] reported that M1-related TME and promote their polarization towards
MRNAs such as those of TNF-&, CD80, CD86, M2 macrophages through the overexpression
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of CCRY. Therefore, we suspect that the tumor
microenvironment also promotes the polariza-
tion of M2 macrophages in TAM in this experi-
ment. In addition, we will further study the
effect of tumor microenvironment on the polar-
ization phenotype of M2 macrophages in oral
squamous cell carcinoma. At the same time,
PD-L1 expression in macrophages can be up-
regulated after a period of stimulation with
tumor-conditioned medium.

GM-CSF can be up-regulated in various malig-
nant tumors, including head and neck squa-
mous cell carcinoma, which can secrete GM-
CSF to alter the TME and thus promote tumor
growth and metastasis [35]. In our study,
MO macrophages were stimulated by GM-
CSF exogenous recombinant protein, and the
results showed that PD-L1 was significantly
up-regulated in a time-dependent manner.
Further, when tumor-derived GM-CSF in condi-
tioned medium was neutralized by its antibod-
ies, PD-L1 expression in MO macrophages de-
creased compared with that only cultured in
conditioned medium. It indicated that GM-CSF
in OSCC tumor-conditioned medium has the
ability to up-regulate PD-L1 expression in TAMSs.

Cytokines can be transmitted to the nucleus
through membrane receptors, JAK2 protein
and STAT3 protein, and STAT3 protein is able to
bind to the promoter region of PD-L1 thus pro-
moting PD-L1 expression [36]. Jing W et al.
found that in breast cancer, co-culturing of 4T1
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*k tumor cells with macrophag-
es could activate JAK2/STAT3
pathway and significantly up-
regulated PD-L1 expression in
macrophages, and treatment
with JAK2/STAT3 pathway in-
hibitors decreased PD-L1 ex-
pression in macrophages [37].
In the induced mouse model
of metastatic liver cancer, GM-
CSF was highly expressed in
tumor cells, while bone mar-
+ - row-derived suppressor cells
highly expressed PD-L1 and

HN4 maintained high levels of

p-STAT3. When tumor-derived
GM-CSF was down-regulated
cultured with GM-CSF neutral-
izing antibodies, JAK2/STAT3
pathway in bone marrow-de-
rived suppressor cells was blocked and the
PD-L1 expression was also down-regulated
[15]. Our study further investigated the relation-
ship between the regulation of OSCC cells on
macrophages and JAK2/STAT3 pathway, and
MO macrophages were treated with AG490, a
specific inhibitor of JAK2/STAT3 pa-thway, com-
bined with conditioned medium, and then
found that PD-L1 expression in macrophages
was decreased after JAK2/STAT3 pathway was
specifically inhibited from both the protein and
mRNA levels. It indicated that conditioned
medium can up-regulate PD-L1 expression in
macrophages via JAK2/STAT3 pathway. Results
by western blot suggested that the up-regula-
tion of PD-L1 expression by GM-CSF in MO
macrophages was significantly reversed by
AG490 in a time-dependent manner. Moreover,
when GM-CSF in conditioned medium was neu-
tralized, JAK2/STAT3 pathway was significantly
inhibited. It further demonstrated that the regu-
lation of PD-L1 expression in MO macrophages
by tumor-derived factor GM-CSF was achieved
through JAK2/STAT3 signaling pathway. Never-
theless, it is undeniable that one potential limi-
tation should be taken into consideration when
interpreting our results. Although it is reason-
able to confirm that the signal pathway plays a
role in the relevant mechanism by using only
the inhibitor of the signal pathway but not the
activator based on many previous studies [38-
40], the manuscript would be more informative
if a control group in which MO macrophages co-
cultured with CM and JAK2/STAT3 activator
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(CM+JAK2/STAT3 activator group) would have
been added to detect the expression of PD-L1.

However, PD-L1 expression in MO macro-
phages treated with AG490 combined with
CM remained lower than the control group.
Similarly, PD-L1 expression in MO macrophages
treated with GM-CSF neutralizing antibodies
was lower than the control group. It suggested
that PD-L1 expression may be regulated by
multiple signaling pathways including JAK2/
STAT3, and more mechanisms related to it
need to be further explored.

So far, the complexity of TAM biology and its
interaction with the TME has not been fully
expounded. Further understanding of how in-
flammatory signals and immune cells shape
TAM function and reprogram the “dialogue”
between cancer cells and macrophages could
help influence their ability to promote tumor
formation, disease development and metasta-
sis, and ultimately achieve the purpose of
eradicating tumors or avoiding tumorigenesis.
In the future, more research will be carried out
in this field to use this emerging knowledge to
provide new ideas and new targets for clinical
tumor therapy.

In summary, our study demonstrated that OS-
CC cells can regulate PD-L1 expression in mac-
rophages by secreting the tumor-associated
cytokine GM-CSF, which can participate in
mediating crosstalk between tumor cells and
macrophages in the TME, thereby promoting
immune escape of tumor cells.
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