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To date, immune check-point inhibitors (ICIs), particularly inhibitors of programmed cell
death-1 (PD-1) and PD ligand-1 (PD-L1) have become prominent in cancer treatment and
also improved life expectancy of cancer patients. As key regulators of PD-1/PD-L1 axis,
the recruitment of tumor-associated macrophages (TAMs) enhances aggressive and
invasive properties of tumors in immunosuppressive tumor microenvironment (TME) and
promotes epithelial-mesenchymal transition (EMT). The aims of the study were first to
characterize the critical links among PD-L1, TME and EMT process and, further, to explore
the sensitivity of different chemical agents to different PD-L1 expression groups.
Bioinformatical analysis revealed that PD-L1 was highly expressed in OSCC and higher
PD-L1 expression correlated with worse survival in patients. Notably, PD-L1 was
positively correlated with macrophages infiltration and EMT markers gene expression.
Moreover, patients in the PD-L1high group were at a significant chance of benefiting from
ICI treatment and they also showed higher sensitivity to the chemical drugs (olaparib,
paclitaxel, docetaxel, and pazopanib). These findings implicate PD-L1 could serve as a
novel target for prognostic and therapeutic approaches in OSCC patients; PD-L1-
mediated immune evasion might be attributable to the infiltration of macrophages,
resulting EMT progress; Chemical agents in combination with PD-L1 inhibitor could be
served as personalized treatment plan for OSCC patients so as to maximize
patient benefit.

Keywords: PD-L1, immunosuppressive tumor microenvironment, macrophages, epithelial-mesenchymal
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INTRODUCTION

Oral squamous cell carcinoma (OSCC), as one of the 10 most
frequent cancers with approximately 300,000 new cases diagnosed
annually is perceived as an immunosuppressive cancer (1). Despite
advances in therapeutic approaches, including surgical methods and
radiotherapy, patients with locally advanced or metastatic OSCC
still face the risk of a poor prognosis (2). Therefore, further efforts
are still demanded to identify clinically relevant biomarkers,
establish effective mechanism-based combinations, and develop
effective targeted therapies for OSCC.

Cancer immunotherapy, including immune check-point
inhibitors (ICIs), Oncolytic virotherapy (OVT), and chimeric
antigen receptor (CAR) T cells has led to major improvements in
tumor treatment over the past two decades (3). ICIs expressed on
the cell surface, including programmed cell death-1 (PD-1) and PD
ligand-1 (PD-L1), play crucial roles in activating negative regulatory
pathways and evading immune surveillance (4). Upon activation,
ICIs can dampen antitumor immune responses, leading to cancer
cells escaping from host immune system (5). The interaction
between these ligands can be blocked by ICIs, thereby reactivating
the cytocidal immune response. Unprecedented advances in tumor
control have been made using therapeutic monoclonal antibodies
(mAbs) to block ICIs. Particularly, mAbs targeting PD-1/PD-L1
have brought great clinical benefits in multiple indications, either as
monotherapy or in combination regimens (6–8). Pembrolizumab
and nivolumab as anti-PD-1 mAbs have shown remarkable anti-
tumor activity in the treatment of head and neck squamous cell
carcinoma (HNSCC), leading to their regulatory approval (9–11).
The PD-1/PD-L1 interaction inhibits antitumor activity of cytotoxic
lymphocytes (CTLs) (12), which contributes tomultiple Suppressive
effects, such as immune escape, tumor proliferation, invasion,
angiogenesis, and epithelial-mesenchymal transition (EMT) (13).
At present, the links among PD-L1, TME, and EMT process in
OSCC are not well understood, and the expectation that
immunotherapy in combination with standard-therapy can
maximize patient benefit necessitates further research on PD-L1-
mediated immunosuppression. The present study was aimed at
characterizing the critical links among PD-L1, TME and EMT
process in OSCC, and further exploring the sensitivity of ICI
treatment and different chemical agents to different PD-L1
expression groups.
METHODS AND MATERIALS

Data Acquisition
All Clinical and sequencing data were obtained from the Cancer
Genome Atlas (TCGA) and the Gene Expression omnibus
(GEO) research network. Transcriptome data of 150 OSCC
tissue samples and 30 normal oral tissue samples were
extracted from TCGA. Patients’ information on age, tumor-
node-metastasis (TNM), stage, survival time and status were
organized (Supplementary Table 1). The GEO database was
used to obtain the OSCC microarray data set GSE30784, and 167
OSCC cancer patient samples were selected as the validation set
Frontiers in Immunology | www.frontiersin.org 2
based on the sample information (14). The EMT related genes
were extracted from the Molecular Signature Database
(MSigDB) (15).

Bioinformatic Analysis
Differentially expressed genes (DEGs) in different groups were
identified using EdgeR package and filtered by | log2 (Fold
Change) | > 1 and adjusted P value < 0.05 which was adjusted
using the Benjamini-Hochberg (BH) approach (16). Furthermore,
the enrichment analysis including Gene ontology (GO) function
and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway
annotation was conducted by cluster Profiler package. The PD-L1
expression level in diverse cancer types and correlation between
PD-L1 and immune infiltrates were conducted using Tumor
Immune Estimation Resource (TIMER) database (17). Gene
marker sets of immune cell types were obtained from Bindea
et al. (18) and Newman et al. (19). Single-sample Gene Set
Enrichment Analysis (ssGSEA) and relative abundance of
immune cells were calculated by Gene Set Variation Analysis
(GSVA) (20). The classical chemokines and markers of
macrophages and EMT signaling pathway were also included
(21–24). Tumor Immune Dysfunction and Exclusion (TIDE)
algorithm was applied to get individual immunotherapy
response (25, 26), and individual chemotherapeutic response
was predicted based on Genomics of Drug Sensitivity in Cancer
(GDSC) database (27, 28). Drug sensitivity prediction was perform
using R package ‘pRRophetic’ (29).

Statistical Analysis
R statistical language and SPSS 22.0 software were used for
statistical analyses. Expression differences among different tumor
grade groups were compared using one-way analysis of variance
(ANOVA) test. Overall survival (OS) distribution and survival
curves were performed by R package survival. The optimal cutoff
point for PD-L1 expression level was determined by the
‘surv_cutpoint’ function of ‘survminer’ R package and
calculated utilizing the maximally selected rank statistics that
calculated the most optimal cut-off for continuous variables
using log-rank statistics. Independent prognostic factors were
evaluated using univariate and multivariate Cox proportional
hazards regression analyses, and relationships between variables
were calculated using Pearson correlation coefficients.
Differences of TIDE scores and chemotherapy responses
between groups were analyzed using Wilcoxon rank sum test.
RESULTS

PD-L1 Was Highly Expressed in OSCC and
Predicted Poor OS
PD-L1 was differentially expressed in different tumor types and was
highly expressed in HNSCC (Supplementary Figure 1A). TIMER
analysis revealed that PD-L1 had positive correlations with various
types of immune cells in HNSCC (Supplementary Figure 1B).
Similarly, in OSCC, PD-L1 was also highly expressed compared
with control group, but it gradually decreased with the progress of
September 2021 | Volume 12 | Article 693881
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tumor stages (P < 0.05, Figures 1A, B). Prognostic value of PD-L1
in OSCC patients was further analyzed; Kaplan–Meier analysis of
OS revealed that patients with high PD-L1 expression exhibited a
shorter survival time (P < 0.05, Figures 1C–E); The cutoff point for
PD-L1 was 3.66. Cox regression analyses revealed that PD-L1
upregulation was significantly associated with a poor OS (Table 1).

Functional Enrichment Analysis of DEGs
Differential expression analysis was performed to identify the
DEGs between two groups, so as to further study the function of
these genes (Figure 2A). Among these DEGs, 384 genes were up-
regulated in PD-L1high group, and 1090 genes up-regulated in
PD-L1low group (Figure 2A).

Additionally, tumor-associated macrophages (TAMs)
characteristic cytokines such as CXCL10 and CXCL11 were
significantly differentially expressed (Figures 2A, B). Notably, the
Frontiers in Immunology | www.frontiersin.org 3
GO enrichment analysis indicated 745 immune-related GO terms
including lymphocyte activation, activated leukocyte adhesion, and
effector cytokine production were significantly enriched in PD-
L1high group, while 414 GO terms including digestion, regulation of
postsynaptic membrane potential, drug transport, glutamate
receptor signaling pathway, regulation of membrane potential
were significantly enriched in PD-L1low group (Figures 2C, D).
KEGG pathway analysis showed that 47 KEGG pathways were
characteristic enriched in PD-L1high group, and 23 KEGG pathways
were characteristic enriched in PD-L1low group (Figures 2E, F).

PD-L1 Was Correlated With
Macrophage Infiltration and
Macrophage-Derived Chemokines
The results of GSVA revealed that PD-L1 was positively
associated with cell proliferation of 12 immune cell types in
A B

D

E

C

FIGURE 1 | Comprehensive analysis of PD-L1 in OSCC. (A) PD-L1 expression in OSCC group and the control group. (B) PD-L1 expression in different clinical
stages of OSCC. (C) The optimal cutoff threshold value (D) Kaplan–Meier survival analysis according to the optimal cutoff value. (E) PD-L1 expression level in
different OSCC groups.
TABLE 1 | Prognostic value of PD-L1 expression in OSCC.

Type Univariate Cox Analysis Multivariate Cox Analysis

P values HR 95%CI P values HR 95%CI

Age 0.289998 1.205949 0.852479 - 1.705982 0.341135 1.223076 0.807963 - 1.851465
T 0.00025 1.413316 1.174466 - 1.700741 0.031705 1.433184 1.032024 - 1.99028
N 0.000497 1.46845 1.18289 - 1.822947 0.063043 1.320594 0.984993 - 1.770538
Stage 0.000488 1.470667 1.184029 - 1.826695 0.834734 1.053163 0.647391 - 1.713264
Grade 0.053395 1.307115 0.996091- 1.715256 0.135115 1.294857 0.922618 - 1.81728
PD-L1 0.02162 1.502635 1.061568 - 2.126959 0.01391 1.66808 1.109532 - 2.507807
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OSCC (Supplementary Figure 2 and Figures 3A, B), especially
with M0 macrophages (cor = 0.42, P < 0.001), M1 macrophages
(cor = 0.68, P < 0.001), and M2 macrophages (cor = 0.53, P <
0.001) (Figures 3C–E). In addition, the results of ssGSEA in the
GEO OSCC validation set showed PD-L1 was strongly positively
associated with cell proliferation in several types of immune cell
infiltration (Supplementary Figures 3A–H), especially with M1
macrophages (cor = 0.63, P < 0.001, Supplementary Figure 3D)
and M2 macrophages (cor = 0.54, P < 0.001, Supplementary
Figure 3E).

To validate the above results, we further analyzed correlations
between PD-L1 expression and macrophage markers, which
revealed that M1-related chemokines (IL12A, IL-12B, IL-23A,
TNF, and IFNG) and M2-related chemokines (TGFBs, IL-10,
and IL-13) showed the strongest positive correlations with PD-
L1 expression (P < 0.05, Figures 4A–D). We also observed
statistically significant correlations between M1-related
chemokines and M2-related chemokines (Figures 4B, D).
Frontiers in Immunology | www.frontiersin.org 4
Associations Between PD-L1
Expression, Macrophage Infiltration
and EMT Biomarkers
Since the EMT process has been considered to be particularly
relevant to TME, we analyzed the potential association of EMT
with immune infiltration, and found significant correlations
between EMT biomarkers and various immune cells infiltration
(Figure 5A), especially with M0 macrophages (cor = 0.568, P <
0.001) and M2 macrophages (cor = 0.425, P < 0.001). We also
evaluated the association between PD-L1 and EMT biomarkers,
which showed significant correlations between PD-L1 and vimentin
(VIM) (cor = 0.322, P < 0.001) (Figures 5B, C).

Sensitivity Differences to Immunotherapy/
Chemotherapy Between Groups
TIDE algorithm was employed to assess individual
immunotherapy response in different PD-L1 expression
groups, and higher TIDE prediction score represented a higher
A B

D

E F

C

FIGURE 2 | Functional enrichment analysis of DEGs in PD-L1high and PD-L1low groups. (A) Volcanic map of DEGs. (B) Heat map showing top DEGs. Top 10
enriched GO terms in PD-L1 high (C) and PD-L1low group (D). Top 10 significantly enriched KEGG pathways in PD-L1 high (E) and PD-L1low group (F).
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immune evasion potential (Figure 6A). The results revealed
patients with higher PD-L1 expression had a higher
microsatellite instability (MSI) score and T cell dysfunction
score (Figures 6B, C), but a lower T cell exclusion score
(Figure 6D), indicating that these patients were less likely to
benefit from ICI treatment.

We also took into account the differences in the response of
chemotherapy in OSCC patients, and evaluated sensitivity of two
patient groups to four chemical drugs (olaparib, docetaxel,
paclitaxel, and pazopanib). The IC50 value of each sample in
OSCC was estimated, and significant differences were observed
between groups, which revealed that PD-L1high group showed
higher sensitivity to all drugs (Figures 6E–H, P < 0.001).
DISCUSSION

PD-L1 overexpression has been demonstrated in many common
cancers, inducing T-cell tolerance and promoting immune escape.
Blockades targeted on PD‐1/PD‐L1 have already shown striking
effectiveness in clinical applications (6–8). Immune characteristics
relevant to PD-L1 in TME and EMT process during cancer
Frontiers in Immunology | www.frontiersin.org 5
progression were depicted in our study. Firstly, PD-L1 expression
was highly expressed in OSCC, but it gradually decreased with the
progress of tumor stages. As an immunosuppressive cell surface
molecule that promotes T cell depletion, PD-L1 upregulation may
link with increased cancer aggression and poorer prognosis, as
proposed in several previous studies (29, 30). In contrast to this
expectation, we observed an decrease in PD-L1 expression as
disease progressed; Some previous studies on the association
between PD-L1 expression and improved prognosis also
Supported our findings (31–34). The most likely explanation for
this paradox is that PD-L1 expression can be induced by cytokines,
primarily the production of interferon-g within TME, and
therefore, its expression actually reflects the contribution of
endogenous anti-tumor immune response, which typically
occurred in the early stages of tumor development and
progression (35, 36). Moreover, our results also showed that PD-
L1 was positively associated with cell proliferation in activated
TAMs and EMT process. The DEGs in PD-L1high group were
significantly enriched in canonical signaling pathways that related
to regulation of lymphocyte activation, suggesting the critical
involvement of PD-L1 in regulating TAMs function.
Additionally, our results suggested that patients in the PD-L1high
A B

D EC

FIGURE 3 | Relationship between immune cell infiltration and PD-L1 expression in OSCC samples. (A) Heat map by using the ssGSEA scores from 26 immune cell
types. (B) Correlation between PD-L1 and immune infiltrates in OSCC samples. Correlation between PD-L1 and M0 (C), M1 (D) and M2 (E) macrophages infiltration
in OSCC samples.
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group were at a significant chance of benefiting from ICI treatment
and they also showed higher sensitivity to the chemical drugs
(olaparib, paclitaxel, docetaxel, and pazopanib). This study
provided preliminary evidence regarding the tight correlations
among PD-L1, TAMs and EMT process, further supporting the
notion that clinical efficacy of both chemotherapy and
immunotherapy could be greatly improved by utilizing PD-L1
inhibitors in OSCC.

A previous research on PD-L1 regulating the proliferation of
macrophages revealed that the phenotype and function of
macrophages could be altered by anti-PD-L1 treatment,
suggesting a crucial role of PD-L1 in regulating macrophages
activation and function (37). Circulating monocytes can be
recruited into TME and further polarize into TAMs. Classically,
in response to microenvironmental stimuli, TAMs polarize toM1-
like phenotype exhibiting proinflammatory and tumor-inhibiting
phenotypic effects, while certain cytokines convert TAMs into an
Frontiers in Immunology | www.frontiersin.org 6
M2-like phenotype with anti-inflammatory but tumor-promoting
functions (38, 39). Previous studies have shown that M2
macrophages elevated PD-L1 expression in cancer cells and at
the same time facilitating immune escape (40, 41). As for M1
macrophages, the PD-L1 expressed on the surface was also
reported to result in immune escape of cancer cells, resulting in
bidirectional effects of both anti-tumoral and pro-tumoral
activities (42): On one hand, M1-like phenotype had the unique
ability to promote the activation and recruitment of various
immune effectors, performing surveillance tasks (43), and their
infiltration indicated good prognosis in some cancers (44). On the
other hand, M1 macrophages involved in cancer phenotype
maintenance and tumorigenicity regulation in vivo. For example,
previous studies confirmed the important protumorigenic factor
role of M1 macrophages in urethane-induced lung tumorigenesis
(45); Higher aggregation level of human leukocyte antigen-DR+
(HLA-DR+) M1-like TAMs was related to poor response to
A B

DC

FIGURE 4 | Relationship between PD-L1 and macrophage-derived chemokines in OSCC samples. (A) Scatter plot showing correlation between PD-L1 and M1-
derived chemokines. (B) Correlation between PD-L1 and M1-derived chemokines. (C) Scatter plot showing correlation between PD-L1 and M2-derived chemokines.
(D) Correlation between PD-L1 and M2-derived chemokines. *P < 0.05; **P < 0.01; ***P < 0.001.
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ionizing radiotherapy in rectal cancers patients (46). In the present
study, positive association between PD-L1 expression and TAMs
infiltration (both M0, M1 and M2) was observed in OSCC, which
was in consistent with previous findings. These findings suggested
that TAMs may contribute to pro-tumorigenic effects by
promoting PD-L1 expression in OSCC.

EMT is a novel mechanism involved in cancer metastasis,
by which epithelial cells acquire both mesenchymal and
epithelial phenotypes for cell migration and proliferation. The
type III intermediate filament protein VIM that constitutes a key
cytoskeletal element of mesenchymal cells, is a canonical marker
of EMT process, and EMT process is characterized by marked
VIM upregulation (47, 48). It is generally accepted that epithelial
cells undergoing EMT are able to survive better under adverse
environmental conditions, which enables tumor cells to evade
immune destruction (49, 50). In addition, accumulating
evidences have suggested strong correlations between EMT
and immune evasion by activating multiple ICIs (51, 52);
Cancer cells with PD-L1 upregulation displays an EMT
phenotype that aids in immune escape. Macrophages and
Frontiers in Immunology | www.frontiersin.org 7
cancer cells were reported to establish a two-way cross-talk:
Macrophages facilitated EMT changes in the latter while the
latter skewed TAMs polarization into an M2 phenotype (53).
Interestingly, recent evidences have indicated that in addition to
M2 phenotype, M1-like macrophages also promoted EMT and
chemoresistance (54); TAMs generally share both M1- and M2-
like phenotypes instead of being strictly classified into above two
phenotypes (55), which does not rule out the possibility that
these two phenotypes are exchangeable (56, 57).

Immuno-oncology revolutionized cancer treatment.
Pembrolizumab and nivolumab as anti-PD-1 mAbs have shown
remarkable anti-tumor activity in the treatment of patients with
recurrent/metastatic HNSCC. Ferris et al. (10) experienced
nivolumab in a population of 347 HNSCC patients to evaluate
the efficacy of nivolumab comparable to that of single-agent
chemotherapy (CheckMate 141): Both ORR (13.3% vs 5.8%) and
median OS (7.5 vs 5.1 months) were significantly improved in the
nivolumab group. The estimated 12-month OS in nivolumab
group was 36% versus 16.6% in standard-therapy group, while
there was little difference in median progression-free survival
A B

C

FIGURE 5 | Relationship among PD-L1, immune infiltrates and EMT in OSCC samples. (A) Correlation between EMT pathway enrichment scores and immune cell
infiltration. (B) Scatter plot showing correlation between PD-L1 and EMT-related genes. (C) Correlation between PD-L1and EMT-related genes. *P < 0.05; ***P < 0.001.
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(PFS) of these two groups. Similarly, the KEYNOTE-040 phase III
study also compared the clinical efficacy of pembrolizumab versus
current standard-therapy with a total of 495 patients enrolled:
Both ORR (14.6% vs 10.1%) and median OS (8.4 vs 6.9 months)
were significantly improved in the pembrolizumab group (11).
These randomized phase III trials indicated that survival benefit
could be well conferred by immunotherapy. Thus, it is of great
importance to perform immune monitoring on patients, thereby
identifying potential biomarkers, accurately stratifying patients
and delineating responders and non-responders. Olaparib (AZD.
2281), a competitive inhibitor of poly (ADP-ribose) polymerase-1
(PARP-1), has been used in the clinical treatment of ovarian
cancer with BRCA1/2 gene mutations (58, 59). An ongoing phase
1/2 study of olaparib and the PD-L1 inhibitor durvalumab in
breast cancer patients with BRCA1/2mutations demonstrated that
24 of 30 patients who were eligible for trial entry by study design
achieved durable and adaptable cancer control at 12 weeks of
combination therapy (60). Olaparib in combination with
durvalumab exhibited promising anti‐tumor efficacy and safety,
which was confirmed in numerous clinical studies (61–63). In
addition, paclitaxel, including nanoparticle albumin‐bound
paclitaxel (nab-paclitaxel), is a widely used chemotherapy drug
for various cancers; Combination therapy of anti-PD-L1 mAb
atezolizumab and nab-paclitaxel as a first-line treatment exhibited
significantly improved PFS in patients with PD-L1-positive tumors
(64, 65). In this study, we analyzed the sensitivity differences of
immunotherapy and chemotherapy between different PD-L1
expression groups with the expectation of screening potential
benefit populations and achieving enhanced efficacy. The
results revealed that patients in the PD-L1high groups were at a
significant chance of benefiting from ICI treatment and they
Frontiers in Immunology | www.frontiersin.org 8
also showed higher sensitivity to the four chemical drugs
(olaparib, paclitaxel, docetaxel, and pazopanib. Further research
is needed to fully confirm the promising efficacy of these agents in
combination with PD-L1 inhibitor in improving personalized
treatment for OSCC patients. By screening the subgroups of
potential beneficiaries, immunotherapy and chemotherapy
can harnessed to maximize the immunostimulatory effects of
therapeutic agents.
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expression level in various cancers was analyzed by box-plot. (B) Correlation
between PD-L1 and immune infiltrates in HNSCC.

Supplementary Figure 2 | Scatter diagram of the correlation between PD-L1
expression and immune cell infiltration in OSCC.

Supplementary Figure 3 | Relationship between PD-L1 and immune infiltrates in
the GEO validation set. (A) Heat map of OSCC samples by using the ssGSEA
scores from 26 immune cell types. (B) PD-L1 significantly associated with Immune
cells. Scatter plot showing correlation between PD-L1 and various immune cells,
including aDC (C), M1 macrophages (D), M2 macrophages (E), Cytotoxic cells (F),
T cells (G) and Th1 cells (H).

Supplementary Table 1 | The Clinicopathological data of patients.
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