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Characterization of PD-1/PD-L1 immune checkpoint expression in soft tissue sarcomas
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Inhibitors of the programmed death-1/programmed death-ligand 1 (PD-1/PD-L1) immune checkpoint system
are used for treating various malignancies. However, evidence on their use in soft tissue sarcomas (STS) is lim-
ited. This study aimed to retrospectively investigate the relationship between the expression of PD-1/PD-L1
and related antigens in STS, and their association with clinical characteristics. Immunostaining for CD4, CD8,
PD-1, PD-L1, IL-2, and IFN-γ was performed using pathological specimens harvested at the time of biopsy
from 10 patients with undifferentiated pleomorphic sarcoma (UPS), nine with myxofibrosarcoma (MFS), and
three with malignant peripheral nerve sheath tumor (MPNST) who were treated at our hospital. Subsequently,
the positive immunostaining cell rates were calculated. We also examined the correlation between each immune
positive cell rate and age, tissue grade, size, and maximum standardized uptake (SUV-max) values. The 3-year
event-free survival (EFS) and overall survival (OS) rates were compared between the positive and negative
groups (positive rate >10%; negative <10%) for various immune stains. The positive rates were also compared
between the presence and absence of events groups. There was positive staining for the immune checkpoint
molecules in every STS type except for PD-1 in MPNST. CD4, CD8, and PD-1 stained lymphocytes in close
proximity to the tumor in adjacent tissue sections. A positive correlation was observed between the positive cell
rates of each immune component including inflammatory cytokines such as IL-2 and IFN-γ. Additionally, the
clinical features positively correlated with the positive PD-1/PD-L1 expression rates. No significant differences
in the 3-EFS and OS rates were observed between the PD-1/PD-L1 positive and negative groups. Our results
suggest that an inducible immune checkpoint mechanism may be involved in UPS, MFS, and MPNST.
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Introduction
Soft tissue sarcoma (STS) is a rare disease with a wide variety

of histological types, accounting for approximately 1% of adult
malignancies.1,2 Wide resection combined with chemotherapy and
radiotherapy, if necessary, is the curative treatment for STS.3,4 In
general, the drugs used for the chemotherapy of STS include dox-
orubicin and ifosfamide as well as gemcitabine and docetaxel.4,5

Although pazopanib, trabectedin, and eribulin have also been
approved, their efficacy is limited.6-8 The median overall survival
of patients with unresectable advanced diseases remains low at
approximately 1-2 years.9 Therefore, there is a crucial need to
develop new treatments. 

The programmed death-1/programmed death-ligand 1 (PD-
1/PD-L1) immune checkpoint mechanism has recently been iden-
tified and implicated in the pathogenesis of various malignan-
cies.10-12 Anti-PD-1/PD-L1 drugs have been approved for the treat-
ment of some malignancies, such as melanoma and renal can-
cer.13,14 The possibility of the involvement of the PD-1/PD-L1
immune checkpoint mechanism in STS has been reported; howev-
er it remains unclear.15,16 Previous clinical trials have shown limit-
ed involvement,17-19 while another previous study reported a strong
role of PD-1/PD-L1 immune checkpoint mechanism in STS.20 In
addition, the relationship between clinical features and PD-1/PD-
L1 immune checkpoint mechanism is unknown. 

Moreover, with complex genomic characteristics and aggres-
sive clinical behavior, the pathogenesis of STS remains unclear
and difficult to treat.21 Therefore, we aimed to perform an immuno-

histochemical study to identify the clinical significance of PD-
1/PD-L1 immune check point molecules and expression of inflam-
matory cytokines in STS.

Materials and Methods
Immunostaining for CD4, CD8, PD-1, PD-L1, IL-2, and IFN-

γ was performed on pathological specimens harvested at the time
of biopsy from patients with STS, including undifferentiated pleo-
morphic sarcoma (UPS) (n=10), myxofibrosarcoma (MFS) (n=9),
and malignant peripheral nerve sheath tumor (MPNST) (n=3) who
were treated at our institution between January 2006 and
December 2019. Tissue sections were formalin-fixed and paraffin
embedded. Sections of 4 μm thickness were cut and mounted onto
slides. The tissues were deparaffinized, rehydrated, and subjected
to inhibition of endogenous peroxidase using 3% hydrogen perox-
ide. For antigen activation, PD-1 was heat-treated (95°C, 5 min) in
a pH 6 environment, and the other antigens were heat-treated
(95°C, 5 min) in a pH 9 environment. The tissue sections were
incubated with the following primary antibodies: CD4 antibody
(rabbit monoclonal, SP35/Roche Diagnostics, Risch-Rotkreuz,
Switzerland) for 32 min at 37°C after 60 min high pH (9.0) heat
activation; CD8 antibody (rabbit monoclonal, C8/144B; Nichirei
Corporation, Tokyo, Japan) for 32 min at 37°C after 60 min high
pH (9.0) heat activation; PD-1 (mouse monoclonal, ab52587;
NAT105/Abcam, Cambridge, UK) for 30 min at 37°C after 30 min
low pH (6.0) heat activation; PD-L1 antibody (rabbit monoclonal,
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Figure 1. Representative histopathological findings of undifferentiated pleomorphic sarcoma (UPS) (A), myxofibrosarcoma (MYF) (B),
and malignant peripheral sheath tumor (MPNST) (C). Hematoxylin and Eosin (H&E) staining images (A-C). CD4-positive histological
findings in MYF (D). CD8-positive histological findings in MPNST (E). CD4 and CD8 were positively stained in the membrane of
lymphocytes (D,E). PD-1-positive histological findings in MYF (F). PD-L1-positive histological findings in UPS (G). The positive stain-
ing of PD-1 and PD-L1 were observed in the membrane and cytoplasm of tumor cells and lymphocytes (Figure F and G). IFN-γ-positive
histological findings in MPNST (H). IL-2-positive histological findings in MPNST (I). The inflammatory cytokines, IFN-γand IL-2
were positively stained in the membrane and cytoplasm of tumor cells and lymphocytes (H, I). Scale bars: 100 µm.
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ab205921; 28-8/Abcam, Cambridge, UK) for 32 min at 37°C after
60 min high pH (9.0) heat activation; IL-2 antibody (rabbit mono-
clonal, ab92381; Abcam, Cambridge, UK) for 32 min at 37 °C
after 60 min high pH (9.0) heat activation; IFN-γ antibody (rabbit
polyclonal, ab9657; Abcam) for 32 min at 37°C after 60 min high
pH (9.0) heat activation. Sections were incubated with the corre-
sponding secondary antibodies for 30 min at 37°C. The reaction
was visualized using 3,3-diaminobenzidine (DAB) (DAB
Substrate Chromogen System; DAKO, Kyoto, Japan) and counter-
stained with hematoxylin. Tissues from the tonsils were used as
positive controls; negative controls were not used because lympho-
cyte and other related antigens can stain almost all human tissues.

Table 1. Characteristics of the study population.

Factor                                                                    Patients, n

Age (years)                                                                                             
     <70                                                                                                     9
     ≥70                                                                                                    13
Sex    
     Male                                                                                                  13
     Female                                                                                              9
Tumor site                                                                                              
     Arms                                                                                                  4
     Legs                                                                                                   9
     Trunk                                                                                                 9
Histological type                                                                                    
     MFS                                                                                                    9
     UPS                                                                                                   10
     MPNST                                                                                              3
Histological grade                                                                                 
     Grade 1                                                                                             2
     Grade 2                                                                                             8
     Grade 3                                                                                            12
Tumor size                                                                                              
     <5                                                                                                       8
     5-10                                                                                                   11
     >10                                                                                                     3
SUV-max                                                                                                  
     <5                                                                                                       4
     5-10                                                                                                    4
     >10                                                                                                     5
Treatment                                                                                               
     Wide resection, flap                                                                      4
     Wide resection, post op radiation                                              3
     Wide resection                                                                               10
     Wide resection, skin graft                                                            2
     Marginal resection                                                                         2
     Radiation                                                                                          1
Recurrence                                                                                             
     (+)                                                                                                     8
     (-)                                                                                                     14
Metastasis                                                                                              
     (+)                                                                                                     5
     (-)                                                                                                     17
Outcome                                                                                                 
     CDF                                                                                                   11
     NED                                                                                                   6
     AWD                                                                                                   3
     DOD                                                                                                   2
Follow-up duration (years)                                                                
     <3                                                                                                       8
     ≥3                                                                                                      14

Table 1. Characteristics of the study population.

Factor                                                                    Patients, n

Positive cell rate (%)                                                                           
     CD4                                                                                                     
          0-10                                                                                               3
          10-50                                                                                            12
          ≥50                                                                                                7
     CD8                                                                                                     
          0-10                                                                                              11
          10-50                                                                                            10
          ≥50                                                                                                1
     PD-1                                                                                                    
          0-10                                                                                              18
          10-50                                                                                             4
          ≥50                                                                                                0
PD-L1                                                                                                       
          0-10                                                                                               9
          10-50                                                                                             7
          ≥50                                                                                                6
     IL-2                                                                                                      
          0-10                                                                                               4
          10-50                                                                                             6
          ≥50                                                                                               12
IFN-γ
     0-10                                                                                                    3
     10-50                                                                                                  7
     ≥50                                                                                                    12

MFS, myxofibrosarcoma; UPS, undifferentiated pleomorphic sarcoma; MPNST, malignant periph-
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Figure 2. Larger microscopic view of CD4 (A), CD8 (B), and PD-
1 (C) immunostaining (immunostaining results of CD4, CD8,
and PD-1 in adjacent sections are shown as 1000× magnifica-
tion). Tumor-infiltrating lymphocytes (TILs) found at the nearby
site can be seen in each staining. Scale bars: 100 µm.
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Slides were observed under a microscope (BIOREVO BZ-9000;
KEYENCE, Osaka, Japan), and brown granules in the cytoplasm,
nuclei, or membrane indicated positive staining. The immune
marker staining within the tumor was quantified in 4 representative
high-power fields (40x magnification).22 The positivity rate of each
immune component was calculated. The positivity rate was
defined as the number of positive cells/total cell number. The pos-
itivity rate was quantified using the software provided with
BIOREVO-BZ 9000 (Keyence).

Age, sex, site, histological type, tissue grade, size, standard-
ized uptake value (SUV)-max value, treatment, recurrence, metas-
tasis, and outcome were also surveyed. Correlations between the
clinical characteristics and positive rates of immune components
were examined. In addition, the 3-year event-free survival (EFS)
and 3-year overall survival (OS) rates were compared between the
positive/negative groups for each immunostaining. Recurrence,
metastasis, or death was considered an event. 

Statistical analyses
One way ANOVA were used for comparisons between two

groups. The positivity rate of each molecule was plotted, and a cor-
relation diagram was drawn. The coefficient of determination (R)
was calculated by drawing an approximation line to examine the
correlation of each molecule. The Pearson's method of testing for
correlation was used to perform the tests. The correlation between
the clinical parameters and positive rate of each molecule was also
investigated similarly. We determined 1.0≧|R|≧0.7 as very strong,
0.7≧|R|≧0.5 as strong, 0.5≧|R|≧0.4 as moderate, 0.4≧|R|≧0.3 as
medium, 0.3≧|R|≧0.2 as week, and 0.2≧|R|≧0.0 as no correlation.
The Kaplan-Meier method was used to evaluate the 3-year survival
rates. Analyses were performed using Stat Mate 5.05 (ATMS,
Tokyo, Japan).

Results
The results of immune staining of UPS (n=10), MYS (n=9),

and MPNST (n=3) specimens are shown in Figure 1 (A-C). CD4
and CD8 were positively stained in the membrane of lymphocytes
(Figure 1 D,E). PD-1 and PD-L1 were positively stained in the
membrane and cytoplasm of tumor cells and lymphocytes (Figure
1 F,G). The inflammatory cytokines, IFN-γ and IL-2, were posi-
tively stained in the membrane and cytoplasm of tumor cells and
lymphocytes (Figures 1 H,I). In addition, the results of adjacent tis-
sue sections for CD4, CD8, and PD-1 staining are shown in Figure
2, confirming that CD4, CD8, and PD-1 were stained in lympho-
cytes at the same site.

The patients’ characteristics are summarized in Table 1. The
median age was 72.5 years (range: 34-101). There were 13 men
and nine women. The tumor was located in the upper extremities
in four patients, lower extremities in 13 patients, and the trunk in

five patients. The histological grades were grade 1, grade 2, and
grade 3 in two, eight, and 12 patients, respectively.

The median diameter was 5.8 (range 1.5-15.1) cm. The median
SUV-max value was 7.38 (range, 3.13-24.1). Treatment consisted
of wide resection with flap in two patients, wide resection and skin
graft in two patients, additional wide resection with flap in one
patient, wide resection and postoperative radiotherapy in three
patients, wide resection only in 11 patients, marginal resection in
two patients, and postoperative radiotherapy only in one patient.
The aim of the surgery was to obtain an R0 wide margin.23

Recurrence occurred in eight patients; metastasis occurred in five
patients.

The final clinical outcomes were continuous disease-free
(CDF) survival in 11 patients, no evidence of disease (NED) in six,
alive with disease (AWD) in three, and dead of disease (DOD) in
two patients.

The positive patients were as follows: 19/22 (86.3%) CD4+,
11/11 (100%) CD8+, 4/22 (18.1%) PD-1+, 13/22 (59.0%) PD-L1+,
18/22 (81.8%) IL-2+, and 19/22 (86.3%) IFN-γ+. The means ± stan-
dard deviations (S.D) of the positivity rates of CD4, CD8, PD-1,
PD-L1, IL-2, and IFN-γ were 32.5±26.1, 8.85±17.6, 0±10.6,
21.3±29.1, 60.6±36.6, and 61.1±34.6, respectively.

The correlation between the CD4 and IL-2 positivity rates was
strong (R=0.66, Figure 3A), while the correlation between the CD8
and PD-1 positivity rates was medium (R=0.34, Figure 3B).
Further, the correlation between the CD8 and IL-2 positivity rates
was strong (R=0.55, Figure 3C), and that between the CD8 and
IFN-γ positivity rates was also strong (R=0.69, Figure 3D).
Moreover, the correlation between the PD-L1 and IFN-γ positivity
rates was also strong (R=0.60, Figure 3E). However, the correla-
tion between the PD-1 positivity rate and age was medium
(R=0.39, Figure 4A), as was the correlation between the PD-1 pos-
itivity rate and tumor size (R=0.35, Figure 4B). The correlation
between the PD-1 positivity rate and the histological grade was
weak (R=0.28, Figure 4C), as was the correlation between the PD-
1 positivity rate and SUV-max value (R=0.28, Figure 4D), while
the correlation between the PD-L1 positivity rate and age was
strong (R=0.68, Figure 5A). The correlation between the PD-L1
positivity rate and tumor size was medium (R=0.59, Figure 5B);
whereas the correlation between the PD-L1 positivity rate and his-
tological grade was strong (R=0.68, Figure 5C). Additionally, the
correlation between the PD-L1 positivity rate and SUV-max value
was strong (R=0.55, Figure 5D). Each immune checkpoint mole-
cule’s positivity rate in the event group / event absent group is
shown in Table 2. The CD4 positive cell rates in the event group
/event absent group were 45.1 (28.8-61.3) / 28.5 (12.2-44.8) [aver-
age (95% confidence interval: CI)], and there was no significant
difference between the two groups. CD8 positive cell rates were
15.3 (0.52-31.9)/ 16.8 (0.59-33.1), and there was no significant dif-
ference between the two groups. PD-1 positive cell rates were 16.6
(9.66-22.86)/ 2.1 (14.0-18.4), while PD-L1 positive cell rates were
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Table 2. Immune checkpoint molecule’s positivity rate in the event group vs event absent group.

Immune component                                 Event group Average (95% CI)                               Event absent group Average (95%CI)

CD4                                                                                                   45.1 (28.8-61.3)                                                                                       28.5 (12.2-44.8)
CD8                                                                                                   15.3 (0.52-31.9)                                                                                       16.8 (0.59-33.1)
PD-1                                                                                                 16.6 (9.66-22.86)                                                                                       2.1 (14.0-18.4)
PD-L1                                                                                                23.0 (6.82-39.3)                                                                                       33.0 (16.8-49.3)
IL-2                                                                                                   61.7 (45.5-78.0)                                                                                       43.9 (27.6-60.1)
IFN                                                                                                  62.8 (46.6-79.1)                                                                                       46.5 (30.2-62.8)

CI, confidence interval.
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23.0 (6.82-39.3) / 33.0 (16.8-49.3), and there was no significant
difference between the two groups. The IL-2 positive cell rates
were 61.7 (45.5-78.0) / 43.9 (27.6-60.1), and there was no signifi-
cant difference between the two groups. The IFN-γ positive cell
rates were 62.8 (46.6-79.1) /46.5 (30.2-62.8), and there was no sig-
nificant difference between the two groups. The 3-year EFS and
OS rates of PD-1/PD-L1 positive and negative patients are shown
in Figure 6. The EFS rate was 0% in both PD-1 positive (n=4) and
negative patients (n=18) (Figure 6A), with no significant differ-
ence (p=0.14). The OS rates were 100% and 83.6% in PD-1 posi-
tive (n=4) and negative patients (n=18), respectively (Figure 6B),
with no significant difference (p=0.45). The EFS rate was 0% in
both PD-L1 positive (n=13) and negative patients (n=9) (Figure
6C), with no significant difference (p=0.76). The OS rates were
76.3% and 100% in PD-L1 positive (n=13) and negative patients
(n=9), respectively (Figure 6D), with no significant difference
(p=0.18).

Discussion
According to previous reports, the expression of PD-1/PD-L1

in STS varies according to the subtype;24-26 however, there is still
no conclusive evidence.27 In the present study, we investigated the
expression of PD-1/PD-L1 inflammatory cytokine molecules in
STS, which have complex genomic characteristics and aggressive
clinical behavior by immunohistochemical analysis and its rela-
tionship with clinical features.

The expression rates of PD-1 and PD-L1 have been reported to
be approximately 34-80% and are highest in UPS.28-30 While the
expression rates of PD-1 and PD-L1 have been reported to be
approximately 0-35% in MFS.30,31 The expression rates of PD-1
and PD-L1 have been reported to be little or nil31 or 13-17%32,33 in
MPNST. The high expression rate in the present study suggests
that the immune checkpoint mechanism may be strongly involved
in the tumor microenvironment of UPS, MFS, and MPNST. 

In a recent study on PD-1/PD-L1 immune checkpoint mecha-
nisms in STS it was reported that PD-1/PD-L1 and PD-L2 were
also expressed in approximately 30% of subcutaneous angiosarco-
mas and retroperitoneal sarcomas and were prognostic factors.34,35

In addition, studies on UPS, MFS, LMS, and LPS have clarified
that PD-L1 is activated by the Th1 pathway.36 The study also sug-
gested that those sarcomas have the therapeutic potential of
immune checkpoint inhibitors, although the expression rate of each
differs.36 The study further suggests that in UPS, CMTM6 may be
a PD-L1 immune checkpoint inhibitor.37

Although our study did not focus on subcutaneous cases and
did not include retroperitoneal cases, the findings are suggestive of
the involvement of the PD-1/PD-L1 system in STS, which is con-
sistent with previous studies. However, the novelty of this study is
the involvement of inflammatory cytokines and evidence of the
involvement of the PD-1/PD-L1 system in STSs, which have com-
plex genomic characteristics and aggressive clinical behavior,
especially MPNST. In general, the expression of PD-L1 is classi-
fied into constitutive or inductive.38

Inflammatory cytokines have been reported to induce PD-L1
expression.38 In particular, the involvement of IFN-γ in immune
checkpoint induction has been reported.39 Notably, the expression
of proinflammatory cytokines was high in the present study.
Therefore, it suggests the possibility that the expression of PD-L1
in UPS, MFS, and MPNST was inducible.

In general, IL-2, which is secreted by CD4 + T cells, stimulates
the activation of naïve CD8 T cells and the differentiation of cyto-
toxic T cells.40 IL-2 can up-regulate functions of CD4+Foxp3+ reg-
ulatory T cells (Treg). Treg cells are powerful

Figure 3. Graphs showing the strong positive correlation between
the CD4 and IL-2 positivity rates (r = 0.66) in sarcomas (A);
medium positive correlation between the CD8 and PD-1 positiv-
ity rates (r = 0.34) in sarcomas (B); strong positive correlation
between the CD8 and IL-2 positivity rates (r = 0.55) in sarcomas
(C); strong positive correlation between the CD8 and IFN-γ pos-
itivity rates (r = 0.69) in sarcomas (D); strong positive correlation
between the IFN-γ and PD-L1 positivity rates (r = 0.60) in sar-
comas (E).

Figure 4. Graphs showing the medium positive correlation
between age and PD-1 positivity rate (r = 0.29) in sarcomas (A);
medium positive correlation between the tumor size and PD-1
positivity rate (r = 0.35) in sarcomas (B); weak positive correla-
tion between the histological grade and PD-1 positivity rate (r =
0.28) in sarcomas (C); weak positive correlation between the
SUV-max value and PD-1 positivity rate (r = 0.28) in sarcomas
(D).
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immunosuppressors.41 In addition, IL-2 activation might induce
the exhaustion of naïve CD8 + T cells in the tumor microenviron-
ment of STS.42 However, in the current study, there was no signif-
icant difference in IL-2 positivity between patients with poor clin-
ical outcomes and those without poor clinical outcomes. There
were correlations between positive cell rate of CD8 and IFN-γ or
positive cell rate of IFN-γ and PD-L1. These findings suggest that
inflammatory cytokines such as IL-2 and IFN-γ are involved in the
pathogenesis of UPS, MYF, and MPNST.

Older age, larger size, higher grade, and higher SUV-max val-
ues have been reported as poor prognostic factors for STS.43-46 In
the current study, a correlation was observed between these poor
prognostic factors and the positive cell rates of immune checkpoint
molecules. These findings suggest that the immune checkpoint
mechanism may be active in UPS, MFS, and MPNST, which are
all associated with poor prognostic factors. However, the correla-
tion between PD-1/PD-L1 expression and clinical outcome was
controversial, and no significant difference was found in the pres-
ent study.

This study has some limitations. First, the small sample size
may have affected the significance of the findings and potency of
the statistical results. Second, since next-generation sequencing
was not used, the cases with and without genetic variation could
not be compared. Third, we could not investigate downstream
pathway or other immune molecules such as Th1 and PD-L2.
However, the study provides evidence for the involvement of the
PD-1/PD-L1 immune checkpoint system, including inflammatory
cytokines, in the pathogenesis of STS. Further studies with larger
sample sizes are required to validate our findings. 

Our results suggest that the inducible immune checkpoint
mechanism may be involved in UPS, MFS, and MPNST, which
have complex genomic characteristics and aggressive clinical
behavior.
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