
Frontiers in Oncology | www.frontiersin.org

Edited by:
Maria Felice Brizzi,

University of Turin, Italy

Reviewed by:
Giuseppe Giaccone,

Cornell University, United States
Giovanni Comacchio,

University Hospital of Padua, Italy

*Correspondence:
Yun Qian

qianyun1985@zju.edu.cn

†These authors have contributed
equally to this work and

share first authorship

Specialty section:
This article was submitted to

Cancer Molecular Targets
and Therapeutics,

a section of the journal
Frontiers in Oncology

Received: 31 January 2021
Accepted: 23 June 2021
Published: 08 July 2021

Citation:
Yan X, Feng J, Hong B and Qian Y

(2021) The Expression of PD-L1
and B7-H4 in Thymic Epithelial

Tumor and Its Relationship With
Tumor Immune-Infiltrating Cells.

Front. Oncol. 11:662010.
doi: 10.3389/fonc.2021.662010

ORIGINAL RESEARCH
published: 08 July 2021

doi: 10.3389/fonc.2021.662010
The Expression of PD-L1
and B7-H4 in Thymic Epithelial
Tumor and Its Relationship With
Tumor Immune-Infiltrating Cells
Xiaotian Yan1†, Jie Feng2, Bo Hong3 and Yun Qian1*†

1 Department of Clinical Laboratory, The Second Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou,
China, 2 Department of Blood Transfusion, The Second Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou,
China, 3 Department of Pathology, The Second Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou, China

Background: PD-L1 and B7-H4 have been reported to be expressed in various
malignancies and are considered as promising prognostic factors and potential
immunotherapy targets.

Methods: We analyzed the correlation between the expression of PD-L1 and B7-H4
transcriptomes and clinicopathological characteristics in 121 TET patients from The
Cancer Genome Atlas (TCGA) database. The immune-infiltration levels in the TET
microenvironment were estimated using ssGSEA and quanTiseq algorithms. We
collected 80 TET cases from 2008 to 2015. PD-L1、B7-H4、FOXP3 and CD163
protein expression in tumor tissues were detected by immunohistochemistry.

Results: TCGA database showed PD-L1 mRNA levels can predict the OS (P = 0.018)
and DFS (P = 0.033) of TET patients. B7-H4 mRNA levels were positively related to the
World Health Organization (WHO) pathological classification (P = 0.003) but not correlated
with patient prognosis. Immune infiltration analysis showed PD-L1 is positively correlated
with Tregs and M2 macrophages, B7-H4 is positively correlated with Tregs. Patients with
high PD-L1 and Tregs or M2 macrophages, high B7-H4 and Tregs had a worse
prognosis. Immunohistochemistry showed PD-L1 expression was positively correlated
with the WHO pathological classification and Masaoka stage (P = 0.025, 0.003) and high
PD-L1 expression can predict the poor OS of patients (P = 0.043); B7-H4 was also
positively correlated with WHO pathological classification and Masaoka stage (P = 0.036,
0.049). However, B7-H4 expression did not correlate with patient prognosis. Evaluation of
co-expression patterns showed TET patients with a high-grade WHO pathological
classification harbored a 44.4% co-expression of PD-L1 and B7-H4. In addition, we
found the expression level of PD-L1 is positively correlated with FOXP3 and CD163 (P =
0.004, P = 0.029) and B7-H4 is positively correlated with FOXP3 (P = 0.037). High PD-L1
combined with High FOXP3 and High CD163, High B7-H4 combined with High FOXP3
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can be used to predict the poor prognosis of TET patients (P = 0.026, 0.031,
0.028, respectively).

Conclusion: PD-L1 and B7-H4 were related to the aggressiveness of TET and their
expression level can indicate the suppressive immune microenvironment. Combined with
FOXP3 and CD163, PD-L1 and B7-H4 can indicate a poor prognosis of TET.
Keywords: thymic epithelial tumor, immune checkpoint inhibitors, PD-L1, B7-H4, tumor immune-infiltrating cells,
tumor microenvironment, immunohistochemistry, prognosis
INTRODUCTION

Thymic epithelial tumor (TET) is a rare tumor type that relies on
surgical resection and is typically associated with a good prognosis
(1). However, some patients with advanced or metastatic disease
cannot undergo resection and can only be treated with radiotherapy
and chemotherapy. These patients are prone to relapse and have a
poor prognosis. The recent development of immunotherapy
targeting immun-checkpoint inhibitors has succeeded in many
types of solid tumors and also applied in clinical trial of thymic
carcinoma (2, 3). However, conflicting results have been reported (4,
5). Therefore, it is necessary to evaluate the expression of
immunosuppressive molecules and its clinical significance in TET
patients, which may be helpful to guide the selection and
improvement of effective immunotherapy.

In recent years, programmed death ligand 1 (PD-L1) has gained
much attention, which can inhibit T cell responses by binding to
programmed cell death protein 1 (PD-1) on the surface of tumor
cells and promote tumor cells to evade immune surveillance (2).
Immune checkpoint inhibitors targeting PD-L1 have been shown to
have good efficacy in melanoma and non-small cell lung cancer (6–
8). Previous studies have shown that most TET patients express PD-
L1 (9, 10), and PD-L1 expression is related to theMasaoka stage and
World Health Organization (WHO) pathological classification of
TET (11–13), but there is still controversy regarding the prognostic
significance of PD-L1 (11, 12, 14).

As with PD-L1, the protein B7-H4 also belongs to the B7 family.
B7-H4 is also a negative co-stimulatory molecule, which can
promote tumor cells to escape immune surveillance and can play
an essential role in the formation of the tumor microenvironment.
Studies have shown that B7-H4 has low expression in normal
tissues but high expression in pancreatic cancer (15), ovarian cancer
(16), breast cancer (17), and other malignant tumors and is closely
related to the occurrence and development of tumors. However,
there are few studies exploring the expression of B7-H4 in TET.

More and more studies have shown that the tumor
microenvironment (TME), especially the characteristics of
tumor-infiltrating immune cells (TIICs) in TME is related to
the occurrence and progression of cancer (18, 19). The type and
density of TIICs can not only predict the survival of patients, but
also reflect the tumor response to therapy (20). Therefore, TIICs
have broad prospects as clinical biomarkers for malignant tumor.
Among them, it should be noted that suppressor cells that inhibit
tumor activity can affect tumor progression and drug efficacy.
FOXP3+ T regulatory cells and CD163+ M2 macrophages are
representative suppressor cells and have been reported as
2

negative prognostic factors in several solid tumors (21, 22).
However, few studies have investigated the tumor immune
invasion and the prognostic role of TIICs in TET. Due to the
complexity of tumor immune response, it is limited to use a
single biomarker to predict the patient’s response. Therefore, the
combination of immunosuppressive molecules and immune
infiltrating cells in TME can be used to assess tumor
conditions, prompt the prognosis of patients, and even guide
the personalized customization of immunotherapy.

In this study, we evaluated the expression patterns and
clinical significance of PD-L1 and B7-H4 in TET patients, as
well as their correlation with tumor immune-infiltrating cells
and combined prognostic significance. We aimed to provide new
insights into the development of clinical immunotherapy and
prognostic factors of TET.
MATERIALS AND METHODS

Transcriptome Data Analysis in TCGA
and GTEx Database
We used the R language package to download the published thymic
epithelial tumor (TET) transcriptome data set from The Cancer
Genome Atlas (TCGA) and the corresponding clinical information
of the assessed tumor patients. We obtained matched normal
thymus tissues collected from the Genotype-Tissue Expression
(GTEx) database. A total of 121 TET tissues and 444 normal
tissues were analyzed for PD-L1 and B7-H4 mRNA expression.
mRNA expression data were further normalized using upper
quartile FPKM (FPKM-UQ) and log2 transformed before analysis
as described in TCGA and GTEx website.

Immune Infiltration Analysis Based on
Single-Sample Geneset Enrichment
Analysis and Tumor Immune
Estimation Resource
ssGSEA is a deconvolution algorithm that evaluates the level of
immune cell infiltration in a sample based on the expression level of
immune cell-specific marker genes (23). We used the R package
named “GSVA” to perform ssGSEA analysis of the enrichment
scores of tumor immune cells in TET patients from the TCGA
dataset. The following 24 types of immune cells were obtained:
activated dendritic cells (aDC), B cells, CD8+ T cells, Cytotoxic cells,
dendritic cells (DC), eosinopoils, immature dendritic cells (iDC),
macrophages, mast cell, neutrophils, NK CD56 bright cells, NK
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CD56dim cells, natural killer cells (NK cells), plasmacytoid dendritic
cells (pDC), T cells, T helper cells, central memory T cells (Tcm),
effector memory T cells (Tem), follicular helper T cells (TFH), Tgd,
type-1 T helper cells (Th1), type-17 T helper cells (Th17), type-2 T
helper cells (Th2) and T regulatory cells (Tregs).

TIMER2.0 (http://timer.cistrome.org/) online tool was used
to analyze the relationship between tumor gene expression and
immune infiltration (24). We analyzed the correlation of PD-L1
and B7-H4 with the infiltration level of tumor immune-
infiltrating cells, including Tregs and M2 macrophages, via
Gene Module of TIMER2.0 using quanTiseq algorithm. We
also used Outcome Module of TIMER2.0 to evaluate the
prognosis value of the PD-L1 and B7-H4 expression combined
with tumor immune-infiltrating cells in TET.

Patient and Tissue Specimens
The study followed up 80 TET patients who were treated at the
Department of Thoracic Surgery in the Second Affiliated
Hospital of Zhejiang University School of Medicine from 2008
to 2015. All patients were primary TET and received surgical
resection. Patients who were pathologically diagnosed as thymic
cancer after surgery received radiotherapy. The average follow-
up time was 79 months (range = 12–156 months). This study
followed the ethical guidelines of the Declaration of Helsinki and
was approved by Ethics Committee of the Second Affiliated
Hospital of Zhejiang University School of Medicine. All of the
patients signed an informed consent form.

Immunohistochemistry
Immunohistochemical staining was performed using a two-step
EnVision™ method (Dako, Glostrup, Denmark) as previously
described (25). The formalin-fixed and paraffin-embedded
thymus tumor tissues were collected and cut into 5 mm-serial
sections. The sections were dewaxed with xylene and rehydrated
through a graded alcohol series. Endogenous peroxidase activity
was blocked using 0.3% hydrogen peroxide solution for 35 min
at room temperature, and antigen extraction was performed at
100°C for 30 min in citrate buffer (10 mmol/L; pH 6.0). Washing
with phosphate-buffered saline (PBS) for 5 min three times,
sections were incubated with 10% normal goat serum to block
non-specific binding. Sections were then incubated with a rabbit
anti-human B7-H4 monoclonal antibody (1:400 dilution; clone
number EP1165; Abcam, MA, USA), a mouse anti-PD-L1
monoclonal antibody (1:40 dilution; clone number 22C3;
DAKO, Glostrup, Denmark), a mouse anti-FOXP3 monoclonal
antibody (1:400 dilution; clone number AB20034; Abcam, MA,
USA) and a mouse anti-CD163 monoclonal antibody (1:100
dilution; clone number 10D6; Zhongshan, Beijing, China) at 4°C
overnight, using DAKO EnVision detection system (K5007) for
immunoassay. Slides were counterstained with Mayer
hematoxylin, dehydrated with gradient alcohol, and fixed with
neutral resin. Negative control staining was performed with PBS
instead of primary antibody.

Manual Quantification of IHC
Quantification of the IHC stain was analyzed by two pathologists
blinded to the clinical characteristics. Five tumor fields at 400x
Frontiers in Oncology | www.frontiersin.org 3
magnification were randomly selected, and agreement was achieved
between the observer assessments for each specimen. We evaluated
the expression of PD-L1 based on the previously described
proportion score (9, 10), using 50% as the cut-off value, and
divided TET patients into PD-L1 high expression and low
expression group. According to the positive cell rate, the
percentage of B7-H4 positive expression was divided into four
levels, which are 0 (0%); 1 (1–33%); 2 (34–66%); and 3 (67–100%),
the percentage of FOXP3/CD163 positive cell divided into five
levels, which were 0 (< 5%); 1 (6–25%); 2 (26–50%); 3 (51–75%) and
4 (> 75%). According to the staining intensity, the positive
expression of B7-H4/FOXP3/CD163 was divided into four grades,
which are 0 (no staining); 1 (weak staining, light yellow); 2 (mild
staining, yellow–brown); and 3 (strong staining, dark brown). The
two indicators (staining intensity and percentage of positive cells)
were combined to provide a semi-quantitative score (26, 27), and
the sum of these two indicators was used to provide the final IHC
score, from 0 to 7. According to the IHC score, the tissue staining
pattern was defined as low expression (IHC score = 0–2) or high
expression (IHC score = 3–7). The IHC analysis has been
performed only on the population of this study.

Evaluating PD-L1 and B7-H4
Co-Expression Patterns
The expression of PD-L1 and B7-H4 was divided into four
subgroups: high PD-L1/low B7-H4 expression; high B7-H4/low
PD-L1 expression; high B7-H4/high PD-L1 expression (double-
high expression); and low B7-H4/low PD-L1 expression (double-
low expression). The double-high expression group was defined
as “PD-L1/B7-H4 co-expression”, and the other three groups
were defined as “No PD-L1/B7-H4 co-expression”. Explore the
co-expression pattern of PD-L1 and B7-H4 in different WHO
pathological classification.

Statistical Analysis
This study used Statistical Product and Service Solutions (SPSS)
22.0 statistical software for statistical analyses. The statistical
comparison between clinicopatho -logical characteristics and
PD-L1/B7-H4 expression was evaluated by the chi-square test,
the Fisher’s exact test, and the likelihood-ratio chi-square test
(used when necessary). GraphPad Prism 9.0 software was used
for recurrence and survival analyses. The starting point was
defined as the date of surgical resection. The end of disease-free
survival (DFS) was defined as the day of recurrence, and the end
of overall survival (OS) was defined as the day of survival or
death. The Kaplan–Meier (K-M) method was used to estimate
DFS and OS, and the log-rank test was used to compare the
curves. P < 0.05 was considered as statistically significant.
RESULTS

Differential Expression of PD-L1/B7-H4 in
Normal and Tumor Tissues From GTEx
and TCGA Database
The comparison of the expression levels of PD-L1 and B7-H4 in
normal tissues and TET samples from GTEx and TCGA
July 2021 | Volume 11 | Article 662010
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database was shown in Figures 1A, B. It can be found that PD-L1
was expressed in normal tissues, but the expression level in
tumor tissues was significantly higher (P<0.001). The expression
of B7-H4 in normal tissues and tumor tissues was generally low,
but the expression in tumor tissues was significantly higher than
that in normal tissues (P<0.001).

Correlation Between PD-L1/B7-H4 mRNA
Expression and Clinicopathological
Characteristics of TET Patients From
TCGA Database
The cut-off values of PD-L1 and B7-H4 expression were determined
by survival receiver operating characteristic (ROC) package.
Frontiers in Oncology | www.frontiersin.org 4
Consequently, the topest 50% high value of PD-L1 was identified
as the high PD-L1 expression and the topest 20% high value of B7-
H4 was identified as the high B7-H4 expression.

Patients with high PD-L1 expression showed higher frequency
of myasthenia gravis symptoms (P = 0.015, Table 1). PD-L1
expression had no significant correlation with other clinical
characteristics (P > 0.05, Table 1).

Patients with high B7-H4 expression had a had a more
advanced level of TET (according to the WHO pathological
classification) compared to tumors with low B7-H4 expression.
The expression of B7-H4 in patients with type C (WHO
pathological classification was divide into A/AB/B1/B2/B3/C)
was higher than that of patients with type A/B (P = 0.045,
A B

D

E F

C

FIGURE 1 | The expression level and prognosis value of PD-L1 and B7-H4 in TCGA database. The expression level of PD-L1 (A) and B7-H4 (B) between normal
tissue and tumor tissue samples from GTEx and TCGA database was significantly difference. Survival analysis of TET patients with high (yellow line) or low (blue line)
PD-L1/B7-H4 expression. The high PD-L1 group correlated with poor overall survival (OS, C) and disease-free survival (DFS, D) in TET. No survival differences,
according to B7-H4 expression, were observed in TET (E, F). *P < 0.05, ***P < 0.001.
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Table 1). Similarly, patients with high B7-H4 expression showed
higher frequency of myasthenia gravis symptoms (P < 0.001,
Table 1). The expression of B7-H4 was not significantly
correlated with other clinical features (P > 0.05, Table 1).
Survival Analysis in TET Patients From
TCGA Database
K-M survival analysis showed that PD-L1 mRNA expression levels
were related to the prognosis of TET patients. High PD-L1
expression was associated with significantly shorter OS and DFS
compared to patients with low PD-L1 expression (P = 0.018, 0.033;
Figures 1C, D), suggesting that high PD-L1 expression is an
indicator of poor prognosis. Patients with high B7-H4 expression
had relatively short OS and DFS, but we did not observe a
significant difference between B7-H4 high and low expression
groups (P > 0.05; Figures 1E, F).

Relationship Between PD-L1/B7-H4
mRNA Expression and Tumor-Infiltrating
Immune Cells
Figure 2A showed that the distribution of tumor-infiltrating
immune cells in the high and low expression groups of PD-L1
was significantly different in TET. Particularly, patients with high
PD-L1 expression had higher aDC, B cells, cytotoxic cells, DC,
mast cells, neutrophils, pDC, Tgd and Tregs (P < 0.05). In
contrast, patients with low PD-L1 expression had higher NK
cells and Th2 cells (P < 0.05).

A similar situation was observed between the high and low
B7-H4 expression groups (Figure 2B). Patients with high B7-H4
expression had higher DC, neutrophils, pDC, Tgd, and Tregs
Frontiers in Oncology | www.frontiersin.org 5
compared with low expression (P < 0.05). In contrast, patients
with low B7-H4 expression had higher T cells (P < 0.05).

The Correlation Between the Expression
of PD-L1/B7-H4 and the Infiltration of M2
Macrophages/Tregs and Their Combined
Prognostic Value
We conducted subsequent analysis on suppressive immune
infiltrating cells including M2 macrophages and Tregs. A
positive correlation existed between the expression level of PD-
L1 and infiltrating levels of M2 macrophages (r = 0.358,
P = 8.72e-05) and Tregs (r = 0.254, P =6.25e-03) in TET
(Figure 2C). Besides, a positive correlation between the
expression level of B7-H4 and infiltrating levels of Tregs
(r = 0.254, P =6.25e-03) was also explored in TET (Figure 2D).

Due to the limitations of a single marker for prognosis, we
combined immunosuppressive molecules with tumor immune-
infiltrating cells for the prognosis of TET, via TIMER 2.0 online
tool. According to the expression level of PD-L1/B7-H4 and M2
macrophages/Tregs, it can be divided into four groups. It was
obvious that there were significant differences in prognosis
among the four groups (Figures 2E–H). Among them, we can
see that patients with high PD-L1 expression and high M2
macrophages infiltration have the worst prognosis, compared
to patients with low PD-L1 expression and low M2 macrophages
infiltration (P<0.05). Patients with high PD-L1 expression and
high Tregs infiltration also showed a worst prognosis (P<0.05).
Similar results were found in B7-H4. Patients with high B7-H4
expression and high M2 macrophages or Tregs infiltration had
the worst prognosis compared to the patients with low B7-H4
expression and low M2 macrophages or Tregs (P<0.05).
TABLE 1 | Correlation between PD-L1 and B7-H4 mRNA expression with clinicopathological characteristics of TET patients from TCGA database.

Patients clinical characteristic PD-L1 expression P B7-H4 expression P

Low (n = 60) High (n = 61) Low (n = 103) High (n = 18)

Age(year)
≤60 30 29 0.465 49 10 0.200
>60 30 32 54 6

Sex
Female 27 31 0.323 50 8 0.385
Male 33 30 53 10

Masaoka stage
I/II 51 46 0.128 82 15 0.564
III/IV 8 14 19 3

WHO pathologic classification
A/B 54 55 0.752 97 13 0.003*
C 6 5 6 5

Myasthenia gravis
Present 11 23 0.015* 6 8 <0.001**
Absent 49 38 97 12

Recurrence
Yes 10 10 0.581 18 2 0.392
No 50 51 85 16

Prognosis
Dead 2 7 0.136 6 3 0.252
Alive 58 53 96 15
Lost to follow-up 0 1 1 0
July 2021 | Volume 11 | Articl
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Clinicopathologic Characteristics of
TET Patients in Clinical Cases
All patient characteristics were presented in Table 2. The
retrospective analysis was followed up to December 1, 2020, and
the median follow-up time was 79 months (range = 12–156
months). A total of 37 men (46.25%) and 43 women (53.75%)
were included, with a median age of 60 years (range = 30–79 years).
Seventy-seven patients (96.25%) completed surgical resection. Three
of the patients could not be resected due to local progression or
tumor metastasis and consequently received chemotherapy. In all
cases of complete resection, surgical margins were negative under
the microscope. Among the enrolled 80 TET patients, 10 (12.5%)
patients relapsed during the follow-up period. With respect to
prognosis, 14 (17.5%) patients died of TET and 7 (8.75%)
patients were lost during follow up.

The Expression Pattern of PD-L1, B7-H4,
CD163, and FOXP3 in TET Tissues
Using immunohistochemical techniques to stain tumor tissues,
we found that most patients (78.75%) expressed PD-L1. Among
the samples, 60 patients were categorized as having high PD-L1
expression and 20 patients were categorized as having low PD-L1
expression. B7-H4 was expressed in 78.75% of all patients.
Among these, 45 patients were categorized as having high B7-
H4 expression and 35 patients were categorized as having low
B7-H4 expression. PD-L1 and B7-H4 protein expression
Frontiers in Oncology | www.frontiersin.org 6
patterns on TET tumor cells appeared to be diffuse in most
cases. Under the microscope, PD-L1 and B7-H4 can be observed
in the cell membrane, cytoplasm, or both. Representative images
were showed in Figures 3A–D.

CD163 showed scattered and strongly positive infiltrating
distribution on the cell membrane of M2 macrophages in the
stroma of TET. Almost all TET stroma had the infiltration of M2
macrophages. Among them, 43.28% showed high expression and
56.72% low expression. FOXP3 showed punctate and moderately
positive infiltrating distribution on the nucleus of Tregs in the
tumor stroma. 72.06% TET samples expressed FOXP3, of which
41.18% showed high expression and 58.82% low expression.
Representative images were showed in Figures 5A–D.

Statistical Association Between PD-L1/B7-
H4 and Clinicopathologic Features of TET
Patients in Clinical Cases
Patients with high PD-L1 expression had a higher level of WHO
pathology compared to patients with low PD-L1 expression. The
expression of PD-L1 in patients with type C TET was higher than
those who had type A/B TET (P = 0.025, Table 3). Patients with
high PD-L1 expression had higher Masaoka clinical staging, and
PD-L1 expression in patients with stage III/IV TET was higher
than that of patients with stage I/II TET (P = 0.003, Table 3).
PD-L1 expression had no correlation with age, gender,
myasthenia gravis and recurrence rate.
A

B

D

E F

G H

C

FIGURE 2 | The correlation between PD-L1/B7-H4 and the tumor-infiltration immune cells. The distribution of tumor-infiltrating immune cells in the high and low
expression groups of PD-L1 (A) and B7-H4 (B) was significantly different in TET. A positive correlation existed between the PD-L1 expression level and infiltrating
levels of M2 macrophages and Tregs, the B7-H4 expression level and infiltrating levels of Tregs in TET (C, D). Double high groups (red line, high PD-L1 high M2
macrophages; high PD-L1 high Tregs; high B7-H4 high M2 macrophages; high B7-H4 high Tregs) had the worst prognosis compared to the low expression
groups (E–H). ns, no significance; *P < 0.05, **P < 0.01, ***P < 0.001.
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Patients with high B7-H4 expression had a higher Masaoka
clinical staging compared to patients with low B7-H4 expression.
The expression of B7-H4 in stage III/IV patients was higher than
in stage I/II patients (P = 0.049, Table 3). The expression of B7-
H4 in patients with type C TET was higher than those who had
type A/B TET (P = 0.036, Table 3). The expression of B7-H4 had
no correlation with age, gender, myasthenia gravis symptoms,
recurrence rate and survival rate.

Co-Expression of PD-L1 and B7-H4
Across TET Pathological Subtypes
We observed that high PD-L1/low B7-H4 expression and high
B7-H4/low PD-L1 expression are the main expression patterns
in TET (Table 4). It can be seen that PD-L1 is negatively
correlated with B7-H4 in most cases, including patients having
low-grade (90.1%) or high-grade (55.6%) TET (determined by
the WHO pathological classification). Representative images
were showed in Figures 4A–D.

However, as TET progressed, the percentage of patients co-
expressing PD-L1 and B7-H4 raised from 9.9% to 44.4%
(Table 5), which showed a significant difference between low-
grade and high-grade tumors (determined by the WHO
pathological classification; P = 0.005; Figure 4E).

Survival Analysis of TET Patients in
Clinical Cases
The OS and DFS of PD-L1 and B7-H4 expression in TET were
shown in Figure 3. With the day of resection as the starting point,
Frontiers in Oncology | www.frontiersin.org 7
the end of DFS was defined as the day of relapse and the end of OS
was defined as the day when survival or death was confirmed. K-M
survival analysis showed that high PD-L1 expression was positively
related to the shorter OS of patients (P = 0.043, Figure 3E). B7-H4
expression levels had no significant correlation with the OS of
patient but as can be seen from Figure 3G, patients with low B7-H4
expression have shorter OS and may have a poorer prognosis than
high B7-H4 expression. PD-L1 and B7-H4 have no correlation with
a patient’s DFS (P > 0.05, Figures 3F, H)

Correlation Between PD-L1/B7-H4
Expression and FOXP3/CD163 Infiltration
and Combined Prognostic Value
The expression of PD-L1 was consistent with CD163 and
FOXP3, which meant that when PD-L1 is highly expressed,
CD163 and FOXP3 are also highly expressed, and the difference
is statistically significant (P=0.029, P=0.004). As for the
expression of B7-H4 and CD163, 47.76% showed consistency,
but there was no significant difference (P = 0.483). The
expression of B7-H4 was consistent with FOXP3. When B7-H4
was highly expressed, FOXP3 was also highly expressed, and the
difference was statistically significant (P = 0.037).

It can be seen from the K-M survival curve that patients with
high PD-L1 and high CD163 expression have a significant
difference in prognosis compared with patients with low PD-
L1 and low CD163 expression (P = 0.031, Figure 5E). The
combination of B7-H4 and CD163 had a poor prognostic effect,
but it can be found that the two groups of patients with high
expression of FOXP3 (Low B7-H4 High FOXP3/High B7-H4
High FOXP3) have a worse relative prognosis (Figure 5F).

Similar to the combination of PD-L1 and CD163, patients
with high PD-L1 expression and high FOXP3 expression had the
worst prognosis compared with low PD-L1 expression and low
FOXP3 expression (P = 0.026, Figure 5G). Patients with high
expression of B7-H4 and high expression of FOXP3 also had the
worst prognosis (P = 0.028, Figure 5H).
DISCUSSION

In this study, we found that B7-H4 mRNA expression was
positively related to the WHO pathological classification from
TCGA database, suggesting that B7-H4 expression can indicate
the aggressiveness of TET. In addition, we found that PD-L1
mRNA levels were positively related to the clinical outcome
(death or recurrence) of patients.

Since the TCGA database focused on mRNA expression
levels, we also assessed the protein expression levels of PD-L1
and B7-H4 in 80 TET patients using immunohistochemistry,
confirming the expression and localization of PD-L1 and B7-H4
in tumor tissues. The results showed that most patients with TET
express PD-L1 and B7-H4, and high PD-L1 and B7-H4
expression indicated high-grade TET progression. Survival
analysis showed that high PD-L1 expression can predict poor
OS but B7-H4 were not effective in predicting the survival and
recurrence of patients with TET. From the TCGA database, PD-
TABLE 2 | Thymic epithelial tumor patient characteristics.

Characteristic Number of patients (n = 80) Proportion of patients/%

Age (year)
≤60 37 46.25
>60 43 53.75

Sex
Female 40 50.00
Male 40 50.00

Masaoka stage
I 40 50.00
II 10 12.50
IIIa 23 28.75
IIIb 3 3.75
IV 1 1.25

WHO pathologic classification
A 13 16.25
AB 11 13.75
B1 20 25.00
B2 15 18.75
B3 12 15.00
C 9 11.25

Myasthenia gravis
Present 23 28.75
Absent 57 71.25

Recurrence
Yes 10 12.50
No 70 87.50

Prognosis
Dead 14 17.50
Alive 59 73.75
Lost to follow-up 7 8.75
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L1 mRNA expression was detected in almost all patients with
TET, whereas B7-H4 mRNA expression was only detected in
58.1% of patients. But PD-L1 and B7-H4 protein expression
levels were similar. This may be due to differences caused by the
translation process of mRNA to protein or deviation caused by
the immunohistochemical detection of protein.

In recent years, the rapid development of immunotherapy has
confirmed that antibody therapy targets PD-1/PD-L1 or disrupts
Frontiers in Oncology | www.frontiersin.org 8
the interaction of PD-1/PD-L1 has shown good therapeutic
effects in many solid tumors (28). Studies have shown that
TET is one of the rarest tumor types with the highest positive
rate of PD-L1 (29). Although PD-L1 is also expressed in normal
thymic cortical cells, it is highly expressed in TETs (30), which
can provide a theoretical basis for the implementation of
immunotherapy to treat TET. According to previous studies,
PD-L1 expression is related to high-grade Masaoka staging,
FIGURE 3 | The expression level and prognosis value of PD-L1 and B7-H4 in follow-up TET patients. Representative images of high PD-L1 expression staining
(staining score = 3–6) in thymic tumor cells. (A); low PD-L1 expression staining (staining score = 0–2) (B); high B7-H4 expression staining (staining score = 3–6)
(C); low B7-H4 expression staining (staining score = 0–2) (D). Original magnification x400 and x1000. Survival analysis of TET patients with high (yellow line) or low
(blue line) PD-L1/B7-H4 expression. High PD-L1 expression related to a worse OS (E), but not related to DFS (F). Regardless of OS or DFS, no differences were
observed in B7-H4 (G, H) expression subgroups. *P < 0.05.
TABLE 3 | Correlation between PD-L1 and B7-H4 protein expression with clinicopathological characteristics of TET patients in clinical cases.

Characteristic PD-L1 expression P B7-H4 expression P

Low (n = 60) High (n = 20) Low (n = 35) High (n = 45)

Age
≤60 28 9 0.190 15 22 0.378
>60 32 11 20 23

Sex
Female 30 10 1.000 21 19 0.088
Male 30 10 14 26

Masaoka stage
I/II 43 7 0.003* 26 24 0.049*
III/IV 15 12 8 19

WHO pathologic classification
A/B 56 15 0.025* 34 37 0.036*
C 4 5 1 8

Myasthenia gravis
Present 14 9 0.064 12 11 0.500
Absent 46 11 23 24

Recurrence
Yes 7 3 0.696 3 7 0.235
No 53 17 35 38

Prognosis
Dead 9 5 0.513 7 7 0.874
Alive 45 14 25 34
Lost to follow-up 6 1 3 4
July 2021 | Volume 11 | Article 6
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WHO pathological classification, or both (11–13, 31, 32). The
results of this study showed that patients with high-grade TET
(type C) have higher PD-L1 expression than patients with type
A/B TET, which was consist with the results of several studies.

We reviewed and summarized 17 published research results on
PD-L1 expression in TET, which were listed in Table 6 (9–14, 31–
41). From these studies, six studies showed that PD-L1 expression is
related to Masaoka stage (9, 11–13, 32, 41) and 10 studies showed
that PD-L1 expression is related to WHO pathological classification
(9–13, 32, 36, 40, 41). However, the data for the prognostic
significance of PD-L1 for TET was limited and had conflicting
results. Most of these studies did not report the difference in OS and
Frontiers in Oncology | www.frontiersin.org 9
DFS between the high and low PD-L1 expression groups. There are
three studies (9, 12, 13) that reported thymoma with high PD-L1
expression had worse OS, and one study (14) that showed that the
high PD-L1 expression group had better OS. The results of this
study were consistent with the study of Hakiri S and Padda SK,
indicating that patients with high PD-L1 expression had worse OS.
But the prognostic significance of PD-L1 is still controversial and
needs further investigation.

As an important co-stimulatory molecule of the B7 family,
B7-H4 (VTCN1) inhibits the response of T cells by interacting
with unknown receptors on the surface of T cells, thereby
mediating tumor immune escape (42). Immunotherapy
TABLE 4 | Distribution of PD-L1/B7-H4 expression subgroups in the different WHO pathological classification groups.

PD-L1/B7-H4 subgroup Number of patients with A/B classification (proportion of total
number of patients/%)

Number of patients with C classification (proportion of total
number of patients/%)

Double-high expression 7 (9.9%) 4 (44.4%)
Double-low expression 26 (36.6%) 0 (0.00%)
High PD-L1/Low B7-H4
expression

8 (11.3%) 1 (11.1%)

High B7-H4/Low PD-L1
expression

30 (42.3%) 4 (44.4%)
FIGURE 4 | Co-expression of PD-L1 and B7-H4 and distribution of co-expression subgroups in WHO pathological classification of TET. Representative staining
images of PD-L1/B7-H4 subgroups were shown with the same area for every two matched samples. High PD-L1/low B7-H4 expression in thymic tumor cells (A);
low PD-L1/high B7-H4 expression (B); double-high expression (C); and double-low expression (D). Original magnification x400 and x1000. Both in type A/B and
type C of pathological classification, co-expression of PD-L1 and B7-H4 expression was limited. However, compared to patients with low-grade tumor (type A/B),
patients with high-grade tumor (type C) harbored higher co-expression of PD-L1 and B7-H4 (P = 0.005, E). **P < 0.01.
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targeting B7-H4 has gradually become an important adjuvant
therapy to traditional chemotherapy in several solid tumors.
Studies have shown that immunotherapy helps tumor regression
and the reduction of recurring lesions (10). Whether B7-H4 as an
immune checkpoint can help promote the application of
immunotherapy in TET is what we want to explore.

Lingwei Shen et al. (15) showed that B7-H4 is highly
expressed in pancreatic cancer and is related to tumor Tumor
Node Metastasis (TNM) staging and distant metastasis and
demonstrated high B7-H4 expression is relevant to the poor
prognosis of pancreatic cancer; Nah Ihm Kim et al. (17) explored
the correlation between the expression of B7-H3 and B7-H4 and
the clinicopathological characteristics of breast cancer. Although
the results showed that there was no association between
expression levels and survival, the expression of B7-H4 is
inversely related to the density of stromal Tumor Infiltrating
Lymphocytes (TILs) and cluster of differentiation (CD) 8 T
lymphocytes. This inverse relationship may suggest that B7-H4
can serve as a promising target in the field of breast cancer
immunotherapy. In addition, studies have shown that B7-H4 is
associated with pathological classification and clinical features of
ovarian cancer (16), endometrial cancer (43), and hepatocellular
carcinoma (44), such as tumor size, tumor stage, progression,
and TIL infiltration. To the best of our knowledge, we are the first
group to report B7-H4 expression patterns in TET. Perhaps the
effect of B7-H4 expression in promoting TET to evade immune
Frontiers in Oncology | www.frontiersin.org 10
surveillance and causing adverse immune outcomes is not
decisive, but it may have significance in adjuvant treatment
and prognosis as an immune checkpoint. Our study showed
that B7-H4 is expressed in 78.75% of TET patients; B7-H4
expression levels were found to be associated with patient
clinicopathological characteristics and could identify type C
patients. We look forward to observing more research on
B7-H4 expression in TET and the clinical application of B7-H4
as a target in immunotherapy.

We also specifically studied the potential association between
PD-L1 and B7-H4 co-expression level with the specific WHO
pathological classification of TET. Previous studies (45) showed
that PD-L1 and B7-H4 expression in gliomas exhibit a mutually
exclusive pattern, lacking a double-high expression subgroup. Our
results confirmed that the co-expression pattern of PD-L1 and B7-
H4 may indicate different stages of clinical progression of TET.
Overall, most tumors exhibited a negative correlation between their
PD-L1 and B7-H4 expression, but the co-expression of PD-L1 and
B7-H4 increased in high-grade TET. One possibility is that either
PD-L1 or B7-H4 mediates immunosuppression in early stages of
TET, but both contribute to immune evasion as the disease
progresses. Our findings can be used as a potential anti-TET
therapeutic strategy, suggesting that the combined targeting of
PD-L1 and B7-H4 may be able to overcome the current
limitations of single immune checkpoint therapy.

Our study first explored the expression level and clinical
significance of immunosuppressive molecules including PD-L1
and B7-H4. In the following research, we focused on the
relationship between immunosuppressive molecules and tumor
immune-infiltrating cells in TME of TET. TME is a complex
network formed by the interaction between the immune system
and tumor cells. A more in-depth analysis of TME may
reveal advanced biomarkers (46, 47). In particular, tumor-
TABLE 5 | Co-expression of PD-L1/B7-H4 subgroups in WHO pathological
classification of TET.

PD-L1/B7-H4 subgroup A/B C

PD-L1/B7-H4 co-expression 7 (9.9%) 4 (44.4%)
No PD-L1/B7-H4 co-expression 64 (90.1%) 5 (55.6%)
FIGURE 5 | The expression level and combined prognosis value of FOXP3 and CD163 in follow-up TET patients. Representative images of high FOXP3 expression
staining (staining score = 3–7) in thymic tumor cells. (A); low FOXP3 expression staining (staining score = 0–2) (B); high CD163 expression staining (staining score =
3–7) (C); low CD163 expression staining (staining score = 0–2) (D). Original magnification x400 and x1000. Survival analysis of TET patients combined PD-L1/B7-H4
and FOXP3/CD163 expression. High PD-L1 High CD163 expression had a worst prognosis compared to patients with low expression. (E) But the combination of
B7-H4 and CD163 had a poor prognostic effect. (F) High PD-L1 High FOXP3 expression had the worst prognosis compared to patients with low expression.
(G) Patients with high expression of B7-H4 and high expression of FOXP3 also had the worst prognosis (H).
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specific immune infiltrating cells may be essential for tumor
signaling and predicting the prognosis of patients. So we
analyzed the infiltration of immune cells in TME. With the
continuous advancement of biological information technology,
deconvolution methods using RNA-seq data (such as quanTIseq,
xCell, CIBERSORT, ssGSEA, etc.) can be used to locate TME and
evaluate immune infiltration (23, 48). We first used the ssGSEA
algorithm to analyze 24 kinds of immune infiltrating cells and
found that there were indeed differences in the TME between
high and low PD-L1/B7-H4 groups.

Owing to technical limitations, we only classified 24 types of
immune cells, including the macrophages level, but did not further
classify and evaluate the infiltration level of M0/M1/M2
macrophages. As previous studies have shown, M2 macrophages
were considered essential immune cells and play a key role in tumor
growth, angiogenesis and metastasis (49, 50). Therefore, we targeted
M2 macrophages for subsequent analysis. In addition, Tregs play a
significant role in maintaining the stability of the immune system,
and tumor immune tolerance and escape due to an
immunosuppressive ability (51). A large number of studies have
shown that Tregs is associated with poor prognosis (52, 53). Since
the immune infiltration analysis of TET showed that Tregs were
significantly different in the high and low PD-L1 and B7-H4 groups,
we conducted a follow-up analysis of Tregs.
Frontiers in Oncology | www.frontiersin.org 11
With the help of the online tool TIMER2.0, we found that
PD-L1 is positively correlated with M2 macrophages and Tregs,
and B7-H4 is positively correlated with Tregs. Since our
preliminary study showed that the prognostic effect of PD-L1
and B7-H4 alone is not ideal, we tried to combine M2
macrophages and Tregs for prognostic analysis. We found that
high expression of PD-L1 and M2 macrophages or Tregs, high
expression of B7-H4 and Tregs is associated with poor prognosis
in TET patients. It can be seen that the combination of
immunosuppressive molecules and immune infiltrating cells
can better guide the prognosis of patients to a certain extent.

We used FOXP3 and CD163 as protein markers to specifically
identify Tregs and M2 macrophages, respectively, through
immunohistochemistry. We observed that the expression of
FOXP3 and CD163 in the high PD-L1 expression group was
higher than that in the low PD-L1 expression group. The
analogous phenomenon was also found in high B7-H4
expression group, indicating the importance of PD-L1 and B7-
H4 in the suppressive tumor immune microenvironment. After
prognostic analysis with PD-L1/B7-H4 combined with FOXP3/
CD163, it was found that the double high group (high PD-L1
high CD163, high PD-L1 high FOXP3 and high B7-H4 high
FOXP3) shortened overall survival time, confirming that the
inhibitory tumor microenvironment led to poor prognosis.
TABLE 6 | Summary of published studies investigating PD-L1 expression in TET.

Reference Number of TET
patients

PD-L1 cut-off PD-L1 positivity
in TET

Significant characteristic in TET
(For PD-L1 high expression group)

Prognostic value
(For PD-L1 high

expression group)

9 308 ≥50%, proportion 279 (90.6%) High Masaoka stage, high WHO classification, and myasthenia
gravis

Poor OS and DFS

10 100 Strong intensity or
≥50%
in moderate
intensity

36 (36%) High masaoka stage and type B histology No significance in OS
and DFS

11 32 ≥3, Semiquantified
(0–5)

26 (81%) None No significance in OS
and DFS

12 82 ≥38%, proportion 44 (53.7%) Type B2 and B3 histology and high Masaoka
stage (III and IV)

No significance in OS
and DFS

13 50 ≥3 (1%), H-score 24 (48.0%) High WHO classification Not evaluated
14 12 ≥25%, TPS 11 (91.7%) None Good OS
31 81 ≥1%, TPS 22 (27.0%) Type B2 and B3 histology, high stage (III and IV) Poor OS
32 74 ≥5%, TPS 47 (64%) Neoadjuvant chemotherapy No significance in OS

and DFS
33 38 ≥1, Semiquantified

(0–3)
35 (92%) None Not evaluated

34 84 ≥25%, TPS 69 (82.1%) Type B histology No significance in OS
and DFS

35 31 ≥1%, TPS 16 (51.6%) WHO pathological classification Not evaluated
36 13 ≥6, Semiquantified

(0–12)
6 (46.2%) None No significance in OS

37 12 ≥1, H-score 6 (67%) None No significance in OS
38 29 ≥50%, TPS 9 (31.0%) Low Masaoka stage No significance in OS

and DFS
39 63 ≥1%, TPS 45 (74%) PD-L1 mRNA over-expression, tumor diameter, locally

advanced TETs
Not evaluated

40 38 ≥5%, TPS 31 (81.5%) Type B3 histology No significance in OS
and DFS

41 65 Score 3, intensity
(0–3)

44 (68%) Younger age, high Masaoka stage, incomplete resection, and
aggressive histology

Poor OS
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Overall, comprehensive evaluation of the expression level of
immune examination molecules in TET patients and the
distribution of immune infiltrating cells in the tumor
microenvironment can provide a reference for the formulation
of personalized immunotherapy programs. Targeting
immunosuppressive molecules while regulating the tumor
microenvironment may provide new ideas for the treatment
of tumor patients and have an important impact on
clinical management.

This study faces some limitations. Firstly, standardization of the
staining intensity scores for PD-L1 and B7-H4 in TETs have not yet
been developed, potentially leading to differences in scoring
standards between studies and results. Secondly, the number of
cases included in our single-center retrospective study was relatively
small. Due to the few survival events in our study, it is difficult to
correct the potential value of PD-L1 and B7-H4 as TET survival
markers for meaningful analysis or determine the extent of PD-L1
and B7-H4 as prognostic factors. Therefore, longer follow-up time
may be needed to assess the prognostic value of PD-L1 and B7-H4.
Thirdly, a variety of deconvolution algorithms have been developed
for tumor background prediction, but the results of each method
vary a lot, and there is no “gold standard” method for analyzing
immune infiltrating cells in TME. This article only uses two
methods for evaluation and more studies are needed in the future
to evaluate the relationship between PD-L1/B7-H4 and immune
infiltration of TET.
CONCLUSION

In summary, we conducted a comprehensive bioinformatics
analysis and IHC assessment on TET patients. We confirmed
PD-L1 and B7-H4 can serve as potential markers of TET
aggressiveness and their obvious correlation with the
infiltration of TIICs. We demonstrated the significance of the
expression of B7-H4 and PD-L1 combined with the infiltration
of M2 macrophages and Tregs on the TET clinical outcome.
Considering the complex network that constitutes the tumor
Frontiers in Oncology | www.frontiersin.org 12
microenvironment, such comprehensive analysis should be
performed when formulating immunotherapy methods and
evaluating the response of tumor patients.
DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/supplementary material. Further inquiries can be
directed to the corresponding author.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of the Second Affiliated Hospital
of Zhejiang University School of Medicine. The patients/
participants provided their written informed consent to
participate in this study. Written informed consent was
obtained from the individual(s) for the publication of any
potentially identifiable images or data included in this article.
AUTHOR CONTRIBUTIONS

XY and JF worked on data analysis and interpretation. XY
drafted the manuscript. BH collected specimens of thymic
epithelial tumor tissues and carried out the IHC staining
experiments. YQ designed the study. All authors contributed to
the article and approved the submitted version.
FUNDING

This work was supported by the National Natural Science
Foundation of China [grant number 81802081]. The funders
had no role in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.
REFERENCES

1. Ried M, Guth H, Potzger T, Diez C, Neu R, Schalke B, et al. Surgical Resection
of Thymoma Still Represents the First Choice of Treatment. Thorac
Cardiovasc Surg (2012) 60(2):145–9. doi: 10.1055/s-0030-1271010

2. Reck M, Rodriguez AD, Robinson AG, Hui R, Csoszi T, Fulop A, et al.
Pembrolizumab Versus Chemotherapy for PD-L1-Positive Non–Small-Cell
Lung Cancer. N Engl J Med (2016) 375:1823–33. doi: 10.1056/
NEJMoa1606774

3. Jakopovic M, Bitar L, Seiwerth F, Marusic A, Krpina K, Samarzija M.
Immunotherapy for Thymoma. J Thorac Dis (2020) 12(12):7635–41.
doi: 10.21037/jtd-2019-thym-12

4. Rajan A, Heery CR, Thomas A, Mammen AL, Perry S, OSullivan CG, et al.
Efficacy and Tolerability of Anti-Programmed Death-Ligand 1 (PD-L1)
Antibody (Avelumab) Treatment in Advanced Thymoma. J Immunother
Cancer (2019) 7(1):269. doi: 10.1186/s40425-019-0723-9

5. Katsuya Y, Horinouchi H, Seto T, Umemura S, Hosomi Y, Satouchi M, et al.
Single-Arm, Multicentre, Phase II Trial of Nivolumab for Unresectable or
Recurrent Thymic Carcinoma: PRIMER Study. Eur J Cancer (2019) 113:78–
86. doi: 10.1016/j.ejca.2019.03.012

6. Larkin J, Chiarion-Sileni V, Gonzalez R, Grob JJ, Cowey CL, Lao CD, et al.
Combined Nivolumab and Ipilimumab or Monotherapy in Untreated
Melanom. N Engl J Med (2015) 373(1):23–34. doi: 10.1056/NEJMoa1504030

7. Garon EB, Rizvi NA, Hui R, Leighl N, Balmanoukian AS, Eder JP, et al.
Pembrolizumab for the Treatment of Non-Small-Cell Lung Cancer. N Engl J
Med (2015) 372(21):2018–28. doi: 10.1056/NEJMoa1501824

8. Rizvi NA, Brahmer JR, Ou SHI, Segal NH, Khleif S, Hwu WJ, et al. Safety and
Clinical Activity of MEDI4736, an Anti-Programmed Cell Death-Ligand 1
(PD-L1) Antibody, in Patients With Non-Small Cell Lung Cancer (NSCL).
J Clin Oncol (2015) 33:8032.

9. Song JS, Kim D, Kwon JH, Kim HR, Jang SJ. Clinicopathologic Significance
and Immunogenomic Analysis of Programmed Death-Ligand 1 (PD-L1) and
Programmed Death 1 (PD-1) Expression in Thymic Epithelial Tumor. Front
Oncol (2019) 9:1055. doi: 10.3389/fonc.2019.01055

10. Guleria P, Husain N, Shukla S, Kumar S, Parshad R, Jain D. PD-L1
Immunoexpression Assay in Thymomas: Study of 84 Cases and Review of
July 2021 | Volume 11 | Article 662010

https://doi.org/10.1055/s-0030-1271010
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.1056/NEJMoa1606774
https://doi.org/10.21037/jtd-2019-thym-12
https://doi.org/10.1186/s40425-019-0723-9
https://doi.org/10.1016/j.ejca.2019.03.012
https://doi.org/10.1056/NEJMoa1504030
https://doi.org/10.1056/NEJMoa1501824
https://doi.org/10.3389/fonc.2019.01055
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yan et al. Evaluation of PD-L1 and B7-H4
Literature. Ann Diagn Pathol (2018) 34:135–41. doi: 10.1016/j.anndiagpath.
2018.03.012

11. Yokoyama S, Miyoshi H, Nishi T, Hashiguchi T, Mitsuoka M, Takamori S,
et al. Clinicopathologic and Prognostic Implications of Programmed Death
Ligand 1 Expression in Thymom. Ann Thorac Surg (2016) 101(4):1361–9.
doi: 10.1016/j.athoracsur.2015.10.044

12. Hakiri S, Fukui T, Mori S, Kawaguchi K, Nakamura S, Ozeki N, et al.
Clinicopathologic Features of Thymoma With the Expression of
Programmed Death Ligand 1. Ann Thorac Surg (2019) 107(2):418–24.
doi: 10.1016/j.athoracsur.2018.08.037

13. Padda SK, Riess JW, Schwartz EJ, Tian L, Kohrt HE, Neal JW, et al. Diffuse
High Intensity PD-L1 Staining in Thymic Epithelial Tumors. J Thorac Oncol
(2015) 10(3):500–8. doi: 10.1097/JTO.0000000000000429

14. Arbour KC, Naidoo J, Steele KE, Ni A, Moreira AL, Rekhtman N, et al.
Expression of PD-L1 and Other Immunotherapeutic Targets in Thymic
Epithelial Tumors. PLoS One (2017) 12(8):e0182665. doi: 10.1371/
journal.pone.0182665

15. Shen L, Qian Y, Wu W, Weng T, Wang FXC, Hong B, et al. B7-H4 is a
Prognostic Biomarker for Poor Survival in Patientswith Pancreatic Cancer.
Hum Pathol (2017) 66:79–85. doi: 10.1016/j.humpath.2017.05.023

16. Zheng C, Yang R. RCD24, B7-H4 and PCNA Expression and Clinical
Significancein Ovarian Cancer. J BUON (2019) 24(2):715–9.

17. Kim NI, Park MH, Kweon SS, Lee JS. B7-H3 and B7-H4 Expression in Breast
Cancer and Their Association With Clinicopathological Variables and T Cell
Infiltratio. Pathobiology (2020) 87(3):179–92. doi: 10.1159/000505756

18. Li L, Ouyang Y, Wang W, Hou D, Zhu Y. The Landscape and Prognostic
Value of Tumor-Infiltrating Immune Cells in Gastric Cancer. PeerJ (2019) 7:
e7993. doi: 10.7717/peerj.7993.10.3892/ol.2021.12441

19. Li F, Guo H, Wang Y, Liu B, Zhou H. Profiles of Tumor-Infiltrating Immune
Cells and Prognostic Genes Associated With the Microenvironment of
Bladder Cancer. Int Immunopharmacol (2020) 85:106641. doi: 10.1016/
j.intimp.2020.106641

20. Ye L, Zhang T, Kang Z, Guo G, Sun Y, Lin K, et al. Tumor-Infiltrating
Immune Cells Act as a Marker for Prognosis in Colorectal Cance. Front
Immunol (2019) 10:2368. doi: 10.3389/fimmu.2019.02368

21. Baba Y, Nomoto D, Okadome K, Ishimoto T, Iwatsuki M, Miyamoto Y, et al.
Tumor Immune Microenvironment and Immune Checkpoint Inhibitors in
Esophageal Squamous Cell Carcinoma. Cancer Sci (2020) 111(9):3132–41.
doi: 10.1111/cas.14541

22. Liang B, Tao Y, Wang T. Profiles of Immune Cell Infiltration in Head and
Neck Squamous Carcinoma. Biosci Rep (2020) 40(2):BSR20192724.
doi: 10.1042/BSR20192724

23. Subramanian A, Tamayo P, Mootha VK, Mukherjee S, Ebert BL, Gillette MA,
et al. Gene Set Enrichment Analysis: A Knowledge-Based Approach for
Interpreting Genome-Wide Expression Profiles. Proc Natl Acad Sci (2005)
102(43):15545–50. doi: 10.1073/pnas.0506580102

24. Li T, Fu J, Zeng Z, Cohen D, Li J, Chen Q, et al. TIMER2.0 for Analysis of
Tumor-Infiltrating Immune Cells. Nucleic Acids Res (2020) 48(W1):W509–
14. doi: 10.1093/nar/gkaa407

25. Xu X, Xiao Y, Hong B, Hao B, Qian Y. Combined Detection of CA19-9 and
B7-H4 in the Diagnosis and Prognosis of Pancreatic Cancer. Cancer Biomark
(2019) 25(3):251–7. doi: 10.3233/CBM-190067

26. Luo Q, Zhang S, Wei H, Pang X, Zhang H. Roles of Foxp3 in the Occurrence
and Development of Cervical Cancer. Int J Clin Exp Pathol (2015) 8(8):8717–30.

27. Xue Y, Tong L, LiuAnwei Liu F, Liu A, Zeng S, Xiong Q, et al. Tumor-
infiltrating M2 macrophages Driven by Specific Genomic Alterations Are
Associated With Prognosis in Bladder Cancer. Oncol Rep (2019) 42(2):581–
94. doi: 10.3892/or.2019.7196

28. Zhang T, Xie J, Arai S, Wang L, Shi X, Shi N, et al. The Efficacy and Safety of
Anti PD-1/PD-L1 Antibodies for Treatment of Advanced or Refractory
Cancers: A Meta-Analysis . Oncotarget (2016) 7(45):73068–79.
doi: 10.18632/oncotarget.12230

29. Patel SP, Kurzrock R. PD-L1 Expression as a Predictive Biomarker in Cancer
Immunotherap. Mol Cancer Ther (2015) 14(4):847–56. doi: 10.1158/1535-7163

30. Yokoyama S, Miyoshi H. Thymic Tumors and Immune Checkpoint Inhibitors.
J Thorac Dis (2018) 10(Suppl 13):S1509–15. doi: 10.21037/jtd.2017.10.157

31. Wei YF, Chu CY, Chang CC, Lin SH, Su WC, Tseng YL, et al. Different
Pattern of PD-L1, IDO, and FOXP3 Tregs Expression With Survival in
Frontiers in Oncology | www.frontiersin.org 13
Thymoma and Thymic Carcinoma. Lung Cancer (2018) 125:35–42.
doi: 10.1016/j.lungcan.2018.09.002

32. Chen Y, Zhang Y, Chai X, Gao J, Chen G, ZhangW, et al. Correlation Between the
Expression of PD-L1 and Clinicopathological Features in Patients With Thymic
Epithelial Tumor.BioMedRes Int (2018) 2018:5830547. doi: 10.1155/2018/5830547

33. Owen D, Chu B, Lehman AM, Annamalai L, Yearley JH, Shilo K, et al.
Expression Patterns, Prognostic Value, and Intratumoral Heterogeneity of
PD-L1 and PD-1 in Thymoma and Thymic Carcinom. J Thorac Oncol (2018)
13(8):1204–12. doi: 10.1016/j.jtho.2018.04.013

34. Weissferdt A, Fujimoto J, Kalhor N, Rodriguez J, Bassett R, Wistuba II, et al.
Expression of PD-1 and PD-L1 in Thymic Epithelial Neoplasms. Mod Pathol
(2017) 30(6):826–33. doi: 10.1038/modpathol.2017.6

35. Marchevsky AM, Walts AE. PD-L1, PD-1, CD4, and CD8 Expression in
Neoplastic and Nonneoplastic Thymus. Hum Pathol (2017) 60:16– 23.
doi: 10.1016/j.humpath.2016.09.023

36. Higuchi R, Goto T, Hirotsu Y, Nakagomi T, Yokoyama Y, Otake S, et al. PD-
L1 Expression and Tumor-Infiltrating Lymphocytes in Thymic Epithelial
Neoplasm. J Clin Med (2019) 8(11):1833. doi: 10.3390/jcm8111833

37. Duan J, Liu X, Chen H, Sun Y, Liu Y, Bai H, et al. Impact of PD-L1,
Transforming Growth Factor-b Expression and Tumor-Infiltrating CD8+

Tcells on Clinical Outcome of Patients With Advanced Thymic Epithelial
Tumors. Thorac Cancer (2018) 9(11):1341–53. doi: 10.1111/1759-7714.12826

38. Katsuya Y, Horinouchi H, Asao T, Kitahara S, Goto Y, Kanda S, et al. Expression of
Programmed Death 1 (PD-1) and Its Ligand (PD-L1) in Thymic Epithelial
Tumors: Impact on Treatment Efficacy and Alteration in Expression After
Chemotherapy. Lung Cancer (2016) 99:4–10. doi: 10.1016/j.lungcan.2016.05.007

39. Bedekovics J, Beke L, Mokanszki A, Szilagyi S, Mehes G. Programmed Death-
Ligand 1 (PD-L1) Expression in Thymic Epithelial Tumor. Appl
Immunohistochem Mol Morphol (2020) 28(1):1–9. doi: 10.1097/PAI.
0000000000000699

40. Berardi R, Goteri G, Brunelli A, Pagliaretta S, Paolucci V, Caramanti M, et al.
Prognostic Relevance of Programmed Cell Death Protein 1/Programmed
Death-Ligand 1 Pathway in Thymic Malignancies With Combined
Immunohistochemical and Biomolecular Approach. Expert Opin Ther
Targets (2020) 24(9):937–43. doi: 10.1080/14728222.2020.1790529

41. Bagir EK, Acikalin A, Avci A, Gumurdulu D, Paydas S. PD-1 and PD-L1
Expression in Thymic Epithelial Tumours and Non-Neoplastic Thymus.
J Clin Pathol (2018) 71(7):637–41. doi: 10.1136/jclinpath-2017-204788

42. Bregar A, Deshpande A, Grange C, Zi T, Stall J, Hirsch H, et al.
Characterization of Immune Regulatory Molecules B7-H4 and PD-L1 in
Low and High Grade Endometrial Tumors. Gynecol Oncol (2017) 145(3):446–
52. doi: 10.1016/j.ygyno.2017.03.006

43. Liu J, Liu Y, Wang W, Wang C, Che Y. Expression of Immune Checkpoint
Molecules in Endometrial Carcinoma. Exp Ther Med (2015) 10(5):1947–52.
doi: 10.3892/etm.2015.2714

44. Shrestha R, Prithviraj P, Anaka M, Bridle KR, Crawford DHG, Dhungel B,
et al. Monitoring Immune Checkpoint Regulators as Predictive Biomarkers in
Hepatocellular Carcinom. Front Oncol (2018) 8:269. doi: 10.3389/
fonc.2018.00269

45. Chen D, Li G, Ji C, Lu Q, Qi Y, Tang C, et al. Enhanced B7-H4 Expression in
Gliomas With Low PD-L1 Expression Identifies Super-Cold Tumors.
J Immunother Cancer (2020) 8(1):e000154. doi: 10.1136/jitc-2019-000154

46. Dong X, Gu DN, Wang O, Ye Z. LAGE3 Correlates With Tumorigenic
Immune Infiltrates in the Clear Cell Renal Cell Carcinoma Microenvironment.
Int Immunopharmacol (2020) 87:106793. doi: 10.1016/j.intimp.2020.106793

47. Sato J, Kitano S, Motoi N, Ino Y, Yamamoto N,Watanabe S, et al. CD20+ Tumor-
Infiltrating Immune Cells and CD204+ M2 Macrophages Are Associated With
Prognosis in Thymic Carcinoma. Cancer Sci (2020) 111(6):1921–32. doi: 10.1111/
cas.14409

48. Newman AM, Liu CL, Green MR, Gentles AJ, Feng W, Xu Y, et al. Robust
Enumeration of Cell Subsets From Tissue Expression Profiles. Nat Methods
(2015) 12(5):453–7. doi: 10.1038/nmeth.3337

49. Zhou K, Cheng T, Zhan J, Peng X, Zhang Y, Wen J, et al. Targeting Tumor-
Associated Macrophages in the Tumor Microenvironment. Oncol Lett (2020)
20(5):234. doi: 10.3892/ol.2020.12097

50. Yuan X, Zhang J, Li D, Mao Y, Mo F, Du W, et al. Prognostic Significance of
Tumor-Associated Macrophages in Ovarian Cancer: A Meta-Analysis.
Gynecol Oncol (2017) 147(1):181–7. doi: 10.1016/j.ygyno.2017.07.007
July 2021 | Volume 11 | Article 662010

https://doi.org/10.1016/j.anndiagpath.2018.03.012
https://doi.org/10.1016/j.anndiagpath.2018.03.012
https://doi.org/10.1016/j.athoracsur.2015.10.044
https://doi.org/10.1016/j.athoracsur.2018.08.037
https://doi.org/10.1097/JTO.0000000000000429
https://doi.org/10.1371/journal.pone.0182665
https://doi.org/10.1371/journal.pone.0182665
https://doi.org/10.1016/j.humpath.2017.05.023
https://doi.org/10.1159/000505756
https://doi.org/10.7717/peerj.7993.10.3892/ol.2021.12441
https://doi.org/10.1016/j.intimp.2020.106641
https://doi.org/10.1016/j.intimp.2020.106641
https://doi.org/10.3389/fimmu.2019.02368
https://doi.org/10.1111/cas.14541
https://doi.org/10.1042/BSR20192724
https://doi.org/10.1073/pnas.0506580102
https://doi.org/10.1093/nar/gkaa407
https://doi.org/10.3233/CBM-190067
https://doi.org/10.3892/or.2019.7196
https://doi.org/10.18632/oncotarget.12230
https://doi.org/10.1158/1535-7163
https://doi.org/10.21037/jtd.2017.10.157
https://doi.org/10.1016/j.lungcan.2018.09.002
https://doi.org/10.1155/2018/5830547
https://doi.org/10.1016/j.jtho.2018.04.013
https://doi.org/10.1038/modpathol.2017.6
https://doi.org/10.1016/j.humpath.2016.09.023
https://doi.org/10.3390/jcm8111833
https://doi.org/10.1111/1759-7714.12826
https://doi.org/10.1016/j.lungcan.2016.05.007
https://doi.org/10.1097/PAI.0000000000000699
https://doi.org/10.1097/PAI.0000000000000699
https://doi.org/10.1080/14728222.2020.1790529
https://doi.org/10.1136/jclinpath-2017-204788
https://doi.org/10.1016/j.ygyno.2017.03.006
https://doi.org/10.3892/etm.2015.2714
https://doi.org/10.3389/fonc.2018.00269
https://doi.org/10.3389/fonc.2018.00269
https://doi.org/10.1136/jitc-2019-000154
https://doi.org/10.1016/j.intimp.2020.106793
https://doi.org/10.1111/cas.14409
https://doi.org/10.1111/cas.14409
https://doi.org/10.1038/nmeth.3337
https://doi.org/10.3892/ol.2020.12097
https://doi.org/10.1016/j.ygyno.2017.07.007
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Yan et al. Evaluation of PD-L1 and B7-H4
51. Huang C, Zhou L, Chang X, Pang X, Zhang H, Zhang S. B7-H3, B7-H4, Foxp3
and IL-2 Expression in Cervical Cancer: Associations With Patient Outcome
and Clinical Significance. Oncol Rep (2016) 35(4):2183–90. doi: 10.3892/
or.2016.4607

52. Shang B, Liu Y, Jiang SJ, Liu Y. Prognostic Value of Tumor-Infiltrating
FoxP3+ Regulatory T Cells in Cancers: A Systematic Review and Meta-
Analysis. Sci Rep (2015) 5:15179. doi: 10.1038/srep15179

53. Li F, Sun Y, Huang J, Xu W, Liu J, Yuan Z. Cd4/Cd8+ T Cells, DC Subsets,
Foxp3, and IDO Expression Are Predictive Indictors of Gastric Cancer
Prognosis. Cancer Med (2019) 8(17):7330–44. doi: 10.1002/cam4.2596
Frontiers in Oncology | www.frontiersin.org 14
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Yan, Feng, Hong and Qian. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original author(s)
and the copyright owner(s) are credited and that the original publication in this journal is
cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.
July 2021 | Volume 11 | Article 662010

https://doi.org/10.3892/or.2016.4607
https://doi.org/10.3892/or.2016.4607
https://doi.org/10.1038/srep15179
https://doi.org/10.1002/cam4.2596
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	The Expression of PD-L1 and B7-H4 in Thymic Epithelial Tumor and Its Relationship With Tumor Immune-Infiltrating Cells
	Introduction
	Materials and Methods
	Transcriptome Data Analysis in TCGA and GTEx Database
	Immune Infiltration Analysis Based on Single-Sample Geneset Enrichment Analysis and Tumor Immune Estimation Resource
	Patient and Tissue Specimens
	Immunohistochemistry
	Manual Quantification of IHC
	Evaluating PD-L1 and B7-H4 Co-Expression Patterns
	Statistical Analysis

	Results
	Differential Expression of PD-L1/B7-H4 in Normal and Tumor Tissues From GTEx and TCGA Database
	Correlation Between PD-L1/B7-H4 mRNA Expression and Clinicopathological Characteristics of TET Patients From TCGA Database
	Survival Analysis in TET Patients From TCGA Database
	Relationship Between PD-L1/B7-H4 mRNA Expression and Tumor-Infiltrating Immune Cells
	The Correlation Between the Expression of PD-L1/B7-H4 and the Infiltration of M2 Macrophages/Tregs and Their Combined Prognostic Value
	Clinicopathologic Characteristics of TET Patients in Clinical Cases
	The Expression Pattern of PD-L1, B7-H4, CD163, and FOXP3 in TET Tissues
	Statistical Association Between PD-L1/B7-H4 and Clinicopathologic Features of TET Patients in Clinical Cases
	Co-Expression of PD-L1 and B7-H4 Across TET Pathological Subtypes
	Survival Analysis of TET Patients in Clinical Cases
	Correlation Between PD-L1/B7-H4 Expression and FOXP3/CD163 Infiltration and Combined Prognostic Value

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


