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Abstract. The prognosis of undifferentiated pleomorphic
sarcoma (UPS) is generally unfavorable. Recently, clinical
trials such as SARC028 demonstrated the utility of cancer
immunotherapy for soft tissue sarcomas. The aim of the
present study was to assess the expression of PD-L1 and IDO-1
as prognostic factors and therapeutic targets. A total of 52
primary UPS cases were retrieved and two UPS cell lines were
utilized for supplementary analysis. Immunohistochemical
staining of anti-PD-L1 (28-8), IDO-1, CD8, CD4, CD3, HLA
class I, MSH2, MSH6, MLH1 and PMS2 was carried out.
Immunohistochemically, 19 of 52 (36.5%) cases showed PD-L1
expression at least focally (=1%) and 5 of 52 (9.62%) showed
strong PD-L1 expression (=50%). Overall, 25 of 52 (48.1%)
cases expressed IDO-1 (=1%). Two tumors were evaluated as
having deficient mismatch repair and six tumors as having the
loss of HLA class I. PD-L1 expression (=1%) was significantly
related to the infiltration of CD8- and CD3-positive lympho-
cytes, but strong PD-L1 expression (=50%) did not present a
significant relationship with tumor-infiltrating lymphocytes.
IDO-1 expression was also associated with CDS8-, CD4-, and
CD3-positive lymphocytes. In vitro, both PD-L1 and IDO-1
were induced by IFN-y stimulation. In survival analysis, strong
PD-L1 expression (=50%) was a significant poor prognostic
factor, while IDO-1 expression (=1%) was a favorable one. In
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conclusion, UPS was shown to frequently express PD-L1 and
IDO-1. It was suggested that PD-L1 expression (=50%) and
IDO-1 expression are poor and favorable prognostic factors of
UPS patients, respectively.

Introduction

Undifferentiated pleomorphic sarcoma (UPS) is a soft tissue
sarcoma of uncertain differentiation with prominent nuclear
pleomorphism. In the current WHO classification of soft
tissue tumors, UPS is defined as a subtype of undifferentiated
soft-tissue sarcoma (USTS) (1). UPS has been a heterogeneous
tumor category and it has usually been diagnosed by ruling
out the diagnosis of other types of soft tissue sarcoma with
specific differentiation. Immunohistochemically, the tumor
cells of UPS present no definitive expression of specific
immunohistochemical markers (1).

The prognosis of UPS remains unfavorable despite
wide resection and additional chemotherapy or radiation
therapy. Standard chemotherapy for UPS is anthracycline
plus ifosfamide neoadjuvant chemotherapy (2). The effi-
cacy of eribulin and the clinical outcome of pazopanib and
gemcitabine/docetaxel for UPS have also been reported (3.4).
Cancer immunotherapy has been successfully used in some
cancers such as malignant melanoma and non-small-cell
lung carcinoma (5-8). SARC028, a clinical trial of anti-PD-1
therapy for patients with metastatic or surgically unresectable
locally advanced sarcoma, demonstrated the effectiveness
of this therapeutic approach for pleomorphic sarcomas such
as UPS and dedifferentiated liposarcoma (9). Moreover,
anti-PD-1 therapy was approved for the treatment of tumors
with deficient mismatch repair (AIMMR) (10). Deficiency of
MLHI, MSH2, MSH6 and PMS2 may cause a high number
of genetic mutations, especially frameshift mutations in the
repetitive DNA sequences known as microsatellites, resulting
in neoantigens. Thus, tumors with MSI-high may become a
target of the patient's immune system. It is known that MSI-high
tumors are eliminated by antitumor immunity upon treat-
ment with immune checkpoint blockade. On the other hand,
the dAMMR status of UPS remains unknown (10). As HLA
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class I is required for cytotoxic immunity, the effectiveness
of anti-PD-1 therapy for tumors with the loss of HLA class I,
a target of cytotoxic T lymphocytes, is now studied and this
remains controversial (11,12). However, it is unclear whether
UPS cases exhibit a decrease or complete loss of expression
of HLA class I. Indoleamine 2,3-dioxygenase (IDO-1) is
the rate-limiting enzyme in tryptophan catabolism and has
a potent immune-suppressive effect through local inhibition
of T lymphocytes and a clinical trial of therapy combining
anti-PD-1 and anti-IDO-1 was also performed (13,14). Although
the outcome was unfavorable (15), it was recently reported that
tumors expressing IDO-1 may be a good target for anti-PD-1
therapy (12). Previous findings on various cancers such as lung
cancer and melanoma have also described that PD-L1 and
IDO-1 are induced by TILs (5,16,17). However, only a small
number of studies on the expression of PD-L1 and IDO-1 in
sarcoma have been carried out.

In the present study, we examined the immune microenvi-
ronment of UPS, such as the expression of immune checkpoint
markers, PD-L1 and IDO-1, tumor-infiltrating lymphocytes
(TILs), the status of IMMR, and the expression of HLA class I
to reveal their value as prognostic factors and therapeutic targets.

Materials and methods

Patients and materials. This study was conducted in accor-
dance with the principles embodied in the Declaration
of Helsinki. The study was also approved by the Ethics
Committee of Kyushu University (nos. 29-429, 29-625) and
consent was obtained from the patients that donated these
tissues. A total of 52 cases of UPS, previously diagnosed as
malignant fibrous histiocytoma (MFH) or UPS, were retrieved
from among the soft tissue tumors registered in the files of
the Department of Anatomic Pathology, Graduate School of
Medical Sciences, Kyushu University, Fukuoka, Japan, from
1998 January to 2017 December.

To collect pure primary UPS, tumors were assessed
according to the flow chart presented in Fig. S1. Secondary
sarcomas following the other distinct tumors, USTS of the
spindle cell type and epithelioid USTS classified in accor-
dance with the WHO 2013 classification were excluded (1). We
also excluded sarcomas after radiation and/or chemotherapy;
sarcomas located in the body cavity, retroperitoneum, or
bone; sarcomas in which the proportion of myxoid matrix
exceeded 10%; and sarcomas that were immunoreactive for
MDM?2 or positive for MDM?2 gene amplification in order
to rule out myxofibrosarcoma (MFS) and dedifferentiated
liposarcoma (18,19).

Formalin-fixed, paraffin-embedded samples of the
52 tumors were available. Follow-up information was avail-
able for 49 cases. Cases without wide resection were removed.
Finally, 42 cases were analyzed for overall, metastasis-free, and
recurrence-free survival. The follow-up period after surgery
ranged from 7 to 140 months (38.5 months as the average).

Clinicopathological and histological evaluation. Clinical
and pathological data were obtained from the database of
the Department of Anatomic Pathology, Kyushu University.
Clinicopathological findings such as age, sex, tumor location,
tumor size, distant metastasis, and local recurrence were
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evaluated. The cases were classified into younger and older
groups according to the median age. The cases were also clas-
sified into smaller and larger groups according to the cut-off
of 5 cm. We also evaluated histopathological findings such
as necrosis, mitosis, and grade of the French Federation of
Cancer Centers (FNCLCC) grading system of the primary
tumors (20). The existence of necrosis was classified as
‘positive’ for necrosis. Mitosis was classified as ‘high; when
there were >10 mitotic figures per 10 high power fields (HPFs).
The existence of a myxoid area (1-10%) of the total area was
classified as ‘positive’ for focal myxoid area.

Immunohistochemistry (IHC). Formalin fixation was carried
out with 10% formalin at about 18°C for 48-72 h following tissue
resection. Formalin-fixed, paraffin-embedded (FFPE) samples
of 52 tumors were available for IHC staining of PD-L1 (28-8),
IDO-1, CDS, CD4, CD3, and HLA class I. Such samples of
50 tumors were available for immunohistochemical staining
of MSH2, MSH6, MLHI1, and PMS2. FFPE samples of two
cases were used up and not available for immunostaining of
dMMR. FFPE tissue was sectioned at a thickness of 3 ym.
Primary antibodies for the immunohistochemical staining of
PD-L1 (28-8), IDO-1, CD8, CD4, CD3, HLA class I, MLHI,
PMS2, MSH2, and MSH6 were used as described in Table SI.
The immunoperoxidase polymer method (Envision-kit and
Envision Flex-kit; Dako Japan) was performed for all avail-
able cases. Antigen retrieval was carried out by boiling the
slides with 10 mM sodium citrate (pH 6.0) or Target Retrieval
Solution (pH 9.0; Dako, Carpinteria).

The expression of PD-L1 was assessed by determining the
ratio of membranous staining-positive tumor cells to all tumor
cells in a stained slide in which at least 100 tumor cells were
observed, in accordance with a previously reported standard-
ized method (21), regardless of the staining intensity. We set
the cut-off of PD-L1 expression as 1 or 50% in accordance
with the trial (22,23). The expression of IDO-1 was assessed
by determining the ratio of cytoplasmic staining-positive
tumor cells to all tumor cells in a stained slide in which at
least 100 tumor cells were observed. We also set the cut-off of
IDO-1 expression as 1%, with reference to the literature (21,24).
Macrophages were also stained by the immunohistochemical
staining of PD-L1 and IDO-1, but they were excluded from the
count of positive-stained cells.

TILs were assessed by counting the number of CD8-,
CD4-, and CD3-positive lymphocytes infiltrating into the
tumor cells per five high-power fields (HPFs), which were
randomly chosen in tumors excluding the fields with lymphoid
aggregates (25). For survival analysis, the number of infiltrated
lymphocytes was divided into high and low groups according
to the cut-off determined by drawing ROC curves.

The expression of MSH2, MSH6, MLH1 and PMS2 was
classified as having been lost when there was a complete
absence of nuclear staining in neoplastic cells, while the
surrounding non-neoplastic cells showed consistently
preserved nuclear staining (26). Thus, antibodies for HLA
class I-A, B and C were used. The expression of HLA class I
was classified in accordance with a previous study (27). When
the cell membrane was stained as strongly as stromal lympho-
cytes or endothelial cells in >75% of the tumor cells, expression
levels were defined as strong. If heterogeneous membranous
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staining was found in >25% of the tumor cells, expression was
defined as weak. If <75% of the tumor cells lacked membrane
staining, it was defined as no expression. Cases with weak and
no expression were classified as those with loss of HLA class [
and cases with strong expression as having HLA class I intact.
To confirm that CD8-, CD4-, and CD3-positive lymphocytes
secreted IFN-vy, the EnVision™ GI2 Doublestain System was
used to stain IFN-y and CD8, CD4, or CD3 at the same time in
10 samples each, in accordance with the basic method. IFN-y
was colored red using alkaline phosphatase and CD8, CD4,
and CD3 were colored brown using peroxidase.

Cell culture and cytokine experiments. UPS cell lines,
FPS-1 and FU-MFH2, were cultured in RPMI-1640 medium
and Dulbecco's modified Eagle's medium (DMEM)/F-12
supplemented with 10% fetal bovine serum and 1%
penicillin/streptomycin (28,29). Mycoplasma testing had been
done. These cells were cultured in six-well plates in the pres-
ence or absence of IFN-y (200 ng/ml) for 24 h in 37°C. Then,
mRNA and protein were extracted as described below.

RNA isolation, reverse transcription, and gPCR of cell lines.
Cultured cells were suspended in QIAzol solution (Qiagen).
Total RNA of cultured cells was extracted with acidic phenol:
Chloroform and then reverse-transcribed using ReverTra Ace
gPCR RT Master Mix with gDNA Remover (Toyobo), in
line with the manufacturer's recommendations. Quantitative
polymerase chain reaction (QPCR) for PD-L1 and IDO-1 was
performed using THUNDERBIRD SYBR qPCR Master Mix
(Toyobo) on an Applied Biosystems Step One Plus Real Time
PCR System (Thermo Fisher Scientific Inc.). Primers of PD-L1
and IDO-1 are listed in Table SII. The data were normal-
ized to GAPDH expression levels and are presented as the
mean + standard deviation of three independent experiments.

Immunoblotting. Cells were washed twice with phos-
phate-buffered saline (PBS) and suspended in 2X sodium
dodecyl sulfate (SDS) sample buffer of 37°C. The samples
were separated by SDS-PAGE (5-20% gel) and transferred to a
polyvinylidene fluoride membrane with the Trans-Blot Turbo
Transfer System (Bio-Rad Laboratories; 2.5 A, 25 V, 7 min).
Membranes were blocked for 30 min in 5% Blocking One-P
(Nacalai Tesque Inc.) and then incubated with primary anti-
bodies in Can Get Signal (Toyobo). The primary antibodies
used included rabbit monoclonal anti-PD-L1 (E1L3N, 1:1,000;
Cell Signaling Technology), mouse anti-IDO-1 (UMABI26,
1:1,000; OriGene), and rabbit anti-HSP 90 (C45GS5, 1:1,000;
Cell Signaling Technology). The membranes were then
washed with TBS containing 0.05% Tween-20 and incubated
with horseradish peroxidase (HRP)-conjugated anti-rabbit IgG
(70748, 1:1,000; Cell Signaling Technology) or anti-mouse
IgG (sc-2005, 1:1,000; Santa Cruz). The membranes were then
washed and developed to enhance the chemiluminescence with
Chemi-Lumi One Ultra (Nacalai Tesque Inc.). The antibodies
are described in Table SI. The chemiluminescence signals
were detected with an Image Quant LAS 4000 (Fujifilm).
ImageJ was used to analyze the data.

Statistical analysis. Cut-offs of PD-L1 expression of 1 and
50% were set and statistical analyses between <1% and =1% as
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well as <50% and =50% were performed (22,23). The cut-off
of IDO-1 expression of 1% was set and the two groups were
analyzed accordingly (21,24). Clinicopathological and immu-
nohistochemical parameters were analyzed using the Fisher's
exact test. The infiltration of lymphocytes was analyzed
by Mann-Whitney U test and linear regression analysis.
Correlation between the immune checkpoints and TILs was
assessed by applying the least squares method. Survival
curves were created using the Kaplan-Meier method. Overall,
metastasis-free, and recurrence-free survival curves were
analyzed by the log-rank test. For survival analysis and the
Fisher's exact test, the cut-offs of TILs were determined by
drawing ROC curves. The outcome of qPCR was analyzed
by the Student's t-test. A P-value of <0.05 was classified as
significant for each statistical analysis. Statistical analyses
were conducted using the JMP statistical software package
(version 13; SAS Institute).

Results

Clinicopathological and histological findings. The clinico-
pathological data for the 52 tumors are summarized in Table I.
The patients included 26 males and 26 females, with ages
ranging from 38 to 90 years (median: 69.5, mean: 69.1 years) at
the diagnosis of the primary lesion. Thirty-two tumors (72.7%)
were >5 cm. Three cases (5.8%) were located in the head and
neck (1 case in the head and 3 in the neck), 8 cases (15.4%) in
the trunk (2 cases in the abdominal wall and 6 in the back),
9 cases (17.3%) in an upper extremity (3 cases in the upper
arm and 6 in the forearm), and 32 cases (61.6%) in a lower
extremity (25 cases in the thigh and 7 in the lower leg). Tumor
size ranged from 2.5 to 20 cm (median: 7.5 cm, mean: 8.3 cm).
Tumor-related death occurred in 13 of 42 cases (31.0%), distant
metastasis in 18 of 42 cases (42.9%), and local recurrence
in 11 of 42 cases (26.2%). Metastatic sites were as follows:
Lung in 11 cases (61.1%), bone in 3 cases (16.7%), lymph node
in 2 cases (11.1%), and abdominal wall in 1 case (5.6%), as
described in Table SIII.

A representative case of each histological feature is shown
in Fig. 1. All 52 tumors showed the proliferation of spindle- to
polygonal-shaped tumor cells with high-grade nuclear atypia
(Fig. 1A), accompanied by no or only a focal (<10%) myxoid
area. Atypical tumor giant cells were scattered (Fig. 1B).
Tumor necrosis (Fig. 1C) was evidenced in 32 of 52 cases
(61.5%) and mitosis (=10/10 HPFs) (Fig. 1D) was observed in
29 of 52 (55.8%). Overall, 26 of 52 cases were classified as
FNCLCC grade 2 (50.0%) and 26 as grade 3 (50.0%). Focal
myxoid area (=1 and <10%) was observed in 21 of 52 cases
(40.4%) (Fig. 1E).

Immunohistochemistry (PD-LI, IDO-1, TILs, HLA class I,
dMMR). The results of the immunohistochemical study, the
positive ratio of PD-L1 and IDO-1 and whether there were
UPS with dMMR of loss of HLA class I are summarized
in Table II. Representative figures of immunohistochemical
staining are shown in Fig. 2. Regarding the immunohisto-
chemical results of PD-L1 immunostaining, 33 of 52 (63.5%)
cases showed negative staining (<1%: Fig. 2A), 14 of 52 (26.9%)
showed focal staining (=1 and <50%: Fig. 2B), and 5 of 52
(9.6%) showed strong staining (=50%; Fig. 2C). Regarding
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Table I. Clinicopathological and histological features.
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Table II. Immunohistochemical results.

Characteristics No. (%) Antibody Positive ratio No. (%)
Age (Average=69.5) PD-L1 (28-8) <1% 33/52(63.5)
(<70) 26/52 (50.0) 1%= and <50% 14/52(26.9)
(=70) 26/52 (50.0) >50% 5/52(9.6)
Sex IDO-1 <1% 27/52(51.9)
Female 24/52 (46.2) 1%= and <10% 17/52(32.7)
Male 28/52 (53.8) 10%= and <25% 8/52(154)
Size >25% 0/52
Smaller group (<5 cm) 12/44 (273) MMR Deficient 2/50(4.0)
Larger group (>5 cm) 32/44 (72.7) Proficient 48/50(96.0)
.. HLA Class I Loss 6/52(11.5)
Localization .
Head and neck 3/52 (5.8) Retain 46/52(88.5)
Anterior trunk 2/52 (3.9)
Back 6/52 (11.5)
Upper arm 3/52 (5.8) ) )
Forearm 6/52 (11.5) and the othgr 46 to have strong expression (Flg. 2M and N).
Thigh 25/52 (48.1) Therefore, six tqurs were classified a.s having lo.ss of HLA
Lower leg 7152 (13.5) class I. The remaining cases were clasmﬁeq as having normal
HLA class I and their HLA class I expression was completely
Metastasis retained. Double staining of IFN-y and CDS8, CD4, or CD3
- 24/42 (57.1)  is shown in Fig. S2. CDS8-, CD4-, or CD3-positive TILs
+ 18/42 (42.9) infiltrating into the tumors seemed to secrete IFN-y.
Recurrence
- 31/42 (73.8) Correlations between clinicopathological features and the
+ 11/42 (26.2) expression of PD-LI and IDO-]., TILs, loss quLA class I,
. and dMMR. The results of statistical analysis between the
Necrosis clinicopathological features and the expression of PD-L1 or
) 32/52(61.5)  1DO-1 are summarized in Table III. ROC curves of TILs
+ 20/52(38.5)  are presented in Fig. S3. Focal PD-LI expression (=1%) was
Mitosis associated with necrosis (P=0.0402). No significant correla-
Low (<10/10HPFs) 23/52 (44.2) tions between the clinicopathological features and TILs, loss
High (=10/10HPFs) 29/52 (55.8)  of HLA class I, and dMMR were identified.
F(I\}Ii](;;:g 26/52 (50.0) Correlations between the expression of PD-LI or IDO-I,
’ loss of HLA class I, and dMMR. No association between the
Grade 3 26/52 (50.0) expression of PD-L1 and IDO-1 was detected by Fisher's exact
Myxoid area test, as shown in Table SIV. Of the six tumors with loss of
<1% 31/52 (59.6) HLA class I, one tumor exhibited the loss of MSH2 and MSH6
1-10% 21/52 (40.4)  and expressed focal PD-L1 but did not express IDO-1, three

IDO-1, 27 of 52 (51.9%) cases showed negative staining (<1%:
Fig. 2D), 17 of 52 (32.7%) showed focal staining (=1 and <10%:
Fig. 2E), 8 of 52 (15.4%) showed moderate staining (=10 and
<25%: Fig. 2F), and none showed strong staining (=25%). The
numbers of CD8-positive lymphocytes (Fig. 2G) ranged from
0 to 489 per five HPFs, with a median of 62.5. The numbers
of CD4-positive lymphocytes (Fig. 2H) ranged from 1 to
221 per five HPFs, with a median of 22.5. The numbers of
CD3-positive lymphocytes (Fig. 2I) ranged from 1 to 811
per five HPFs, with a median of 117. There was deficiency of
mismatch repair protein in 2 of 50 tumors (4.0%): One case
with loss of MSH2 and MSH6 (2.0%), and another with loss
of PMS2 (2.0%) (Fig. 2J-L). For HLA class I, two tumors were
classified to have no expression, four to have weak expression,

expressed IDO-1 but did not express PD-L1, and two expressed
neither PD-L1 nor IDO-1. In the two tumors with dAMMR,
one tumor with the loss of MSH2 and MSH6 expressed focal
PD-L1 but did not express IDO-1. The other one with the loss
of PMS2 expressed strong PD-L1 and focal IDO-1.

Correlations between TILs and the expression of PD-LI or
IDO-1. The relationships between PD-L1 or IDO-1 immuno-
expression and lymphocytic infiltration are presented in Fig. 3.
In the Mann-Whitney U-test, PD-L1 expression (=1%) was
associated with CD8-(P=0.0055, Fig. 3A) and CD3-positive
lymphocytes (P<0.0001, Fig. 3C), but not with CD4-positive
ones (Fig. 3B). Strong PD-L1 expression (=50%) was not
associated with lymphocytic infiltration (Fig. 3D-F). IDO-1
expression (=1%) was related to CD8-(P<0.0001, Fig. 3G),
CD4- (P<0.0499, Fig. 3H), and CD3-positive lymphocytes
(P=0.0003, Fig. 3I). From the analysis applying the least
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Figure 1. Histological features from hematoxylin and eosin staining in UPS. (A) Pleomorphic nuclei arranged haphazardly. (B) Atypical giant cells in UPS.
(C) Necrotic area in UPS. (D) Mitosis in UPS. (E) Myxoid area in UPS.

Figure 2. Immunoreactive features in UPS. (A) PD-L1: <1%. (B) PD-L1: =1% and <50%. (C) PD-L1: =50%. (D) IDO-1: <1%. Macrophages were stained.
(E) IDO-1: 21% and <10%. (F) IDO-1: 210% and <25%. (G) Tumor-infiltrating CD8-positive lymphocytes. (H) Tumor-infiltrating CD4-positive lymphocytes.

(I) Tumor-infiltrating CD3-positive lymphocytes. (J) Loss of MSH2. (K) Loss of MSH6. (L) Loss of PMS2. (M) Normal expression of HLA class I. (N) Loss
of HLA class I.

squares method, the regressions between PD-L1 and CD8-, Fig. 3J-L). Positive correlations of IDO-1 with CD8 and
CD4-, and CD3-positive TILs were not significant (R-squared: =~ CD3 were seen (R-squared: 0.270, 0.387, P-values: <0.0001,
0.000341, 0.00158, 0.0270, P-values: 0.8966, 0.7797, 0.2440;  <0.0001; Fig. 3M and O). The regression between IDO-1 and
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Table III. Statistical results of clinicohistopathological and mmunohistochemical features.

PD-L1 (1% cut-off)

PD-L1 (50% cut-off) IDO-1 (1% cut-off)

<1% >1% <50% >50% <1% >1%
Age
<70 20 6 25 1 16 10
=70 13 13 22 4 11 15
P=0.0828 P=0.350 P=0.267
Sex
F 16 8 22 2 11 13
M 17 11 25 3 16 12
P=0.775 P=1.000 P=0.578
Size
Small (<5 cm) 6 6 11 1 6 6
Large (>5 cm) 21 11 28 4 17 5
P=0.4889 P=1.000 P=1.000
FNCLCC
Grade 2 20 6 26 0 12 14
Grade 3 13 13 21 5 15 11
P=0.083 P=0.0506 P=0.578
Necrosis
- 24 8 30 2 15 17
+ 9 11 17 3 12 8
P=0.0402* P=0.3607 P=0.404
Mitosis
Low (<10/10HPFs) 18 5 23 0 13 10
High (=10/10HPFs) 15 14 24 5 14 15
P=0.0811 P=0.0586 P=0.588
Myxoid area
19 12 26 5 17 14
<1% 14 7 21 0 10 11
<1%,<10% P=0.774 P=0.0732 P=0.778

“Statistical significance.

CD4 was not significant (R-squared: 0.0373, P-value: 0.1699;
Fig. 3N).

Induction of PD-L1 and IDO-1 expression by IFN-y in vitro.
The data acquired from qPCR are presented in Fig. 4A and B.
IFN-vy induced the mRNA expression of PD-L1 (P=0.0136
and P=0.0015, Fig. 4A) and IDO-1 (P=0.0041 and P=0.0031,
Fig. 4B). The results of western blotting showed that the expres-
sion of PD-L1 induced by IFN-y was 4.29-fold as high as in
the control in FPS-1 cells and 2.00-fold in FU-MFH2 cells.
The expression of IDO-1 induced by IFN-y was higher than
the expressions in the control in FPS-1 cells and in FU-MFH2
cells (Fig. 4C). IDO-1 expression of the cell lines tended to
react more strongly to IFN-y stimulation than that of PD-L1 in
both qPCR and western blotting.

Survival analysis. The results of survival curve analysis are
presented in Fig. 5. Overall survival rate is shown (Fig. 5A).

Metastasis was closely related to a poorer overall survival rate
(P<0.0001, Fig. 5B), but recurrence was not in this study. Patients
with strong PD-L1 expression (=50%) had worse prognosis than
the other patients (<50%) (P=0.0229, Fig. 5C). On the other hand,
IDO-1 expression (=1%) was associated with a better prognosis
than lack of this IDO-1 expression regarding overall survival
(P=0.0056, Fig. 5D). PD-L1 expression (=1%), TILs, loss of HLA
class I and dMMR were not significant prognostic factors for
overall survival. In addition, patients with strong PD-L1 expres-
sion also had worse prognosis than the other patients (P=0.0116
Fig. 5E). On the other hand, IDO-1 expression (=1%) tended
to be a factor associated with a favorable prognosis compared
with negative IDO-1 expression (P=0.0630, Fig. 5F), but it was
not significant. TILs, loss of HLA class I, and dMMR were
not significant prognostic factors for metastasis-free survival.
No significant findings for recurrence-free survival were made
for the expression of PD-L1 and IDO-1, clinicopathological
features, TILs, loss of HLA class I, and dMMR.
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Figure 3. (A) The association between focal PD-L1 expression and the number of infiltrated CD8-positive lymphocytes (P=0.0055). (B) The association
between focal PD-L1 expression and the number of infiltrated CD4-positive lymphocytes (P=0.0597). (C) The association between focal PD-L1 expression
and CD3 (P<0.0001). (D) The association between strong PD-L1 expression and CD8 (P=0.3676). (E) The association between strong PD-L1 expression
and CD4 (P=0.7326). (F) The association between strong PD-L1 expression and CD3 (P=0.2912). (G) The association between focal IDO-1 expression and
CDS8 (P<0.0001). (H) The association between focal IDO-1 expression and CD4 (P=0.0499). (I) The association between focal IDO-1 expression and CD3
(P=0.0003). Strong PD-L1 expression was not related to lymphocytic infiltration entirely. (J-L) PD-L1 was not significantly correlated with CD8, CD4, and
CD3. (M-0) IDO-1 was significantly correlated with CD8 and CD3, but not with CD4.

Discussion

We confirmed the frequent expression of PD-L1 and IDO-1
in UPS by immunohistochemical analysis. The proportion of
cases with PD-L1 expression was similar to that in a study
of UPS performed by Boxberg et al (30). In detail, over 30%
of UPS cases exhibited at least focal PD-L1 expression and
nearly 10% had strong PD-L1 expression.

It has been reported that PD-L1 and IDO-1 expression is
associated with TILs. In the current study, PD-L1 expression
(=1%) was related to the infiltration of CD8- and CD3-positive
lymphocytes. IDO-1 expression (=1%) was associated with
the infiltration of CD8-, CD4-, and CD3-positive lympho-
cytes. Of note, the group with a strong expression of PD-L1
(=50%) was not significantly associated with TILs. In the
regression analysis, the correlation between PD-L1 and
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Figure 4. (A) UPS cell lines, FPS-1 and FU-MFH2, had higher PD-L1 expression when stimulated by IFN-y than when left unstimulated. (B) They also
expressed IDO-1 much more strongly when stimulated by IFN-y than when left unstimulated. Upon stimulation with IFN-y, the amount of mRNA became
300-fold (FPS-1) and 16,000-fold (FU-MFH2) as high as that without such stimulation. (C) In western blotting, the expression of PD-L1 induced by IFN-y was
4.29-fold as high as that in the control in FPS-1 cells and 2.00-fold in FU-MFH2 cells. The expression of IDO-1 induced by IFN-y was higher than that in the
control in FPS-1 cells and in FU-MFH2 cells. In this experiment, IDO-1 expression of cell lines reacted much more strongly to IFN-y stimulation than that

of PD-L1 in both qPCR and western blotting.

TILs was not significant, but there were significant positive
correlations of IDO-1 with CD8 and CD3. It was previously
reported that helper T, cytotoxic T, and NK cells, as well
as macrophages, secrete IFN-y (17) and that IFN-vy induces
the expression of PD-L1 and IDO-1 (5,16,17). In the current
study, PD-L1 and IDO-1 expression in UPS-cell lines were
induced by IFN-vy in vitro. The results of the current study
confirmed that PD-L1 and IDO-1 were induced by TILs in
sarcoma as in other cancers (5). The results also suggest that
a strong PD-L1 expression (=50%) requires factors other
than TILs. These other factors may be intrinsic to cancer,
such as copy number gain and CMTM6 (31). The survival
rate of patients with IDO-1 expression was better than that
of patients without it. IDO-1 expression of the UPS cell
lines tended to react more strongly to IFN-y stimulation
than that of PD-L1. The findings also suggest that IDO-1
may reflect the condition of anti-cancer immunity rather
than PD-L1, and that immune reactions against tumor cells
may work better in tumors with IDO-1 expression than in
tumors without it. It was reported that tumor-infiltrating
CDS8-positive cells were predictive factor for anti-PD-1
immunotherapy (32). We considered that IDO-1 may be
a predictive factor of the efficacy of anti-PD-1 therapy. It
was also reported that tumors expressing IDO-1 may be

a good target for anti-PD-1 therapy (12). Findings of that
study may support our consideration that IDO-1 reflected
the condition of anti-cancer immunity. In a previous study, it
was reported that patients with IDO-1-positivity in stromal
cells had better prognosis (33). In that study, the authors
discussed that decreased tryptophan availability disturbs the
proliferation of tumor cells to some extent. In the current
study, macrophages and lymphocytes were stained by
IDO-1 as well as tumor cells. In addition, IFN-y secreted by
macrophages may stimulate themselves to express IDO-1. It
was difficult to score the IDO-1 expression of stromal cells
as described in a previous study as tumor and stromal cells
were not clearly separated optically (33). In the current study
as well, it was suggested that the exhaustion of tryptophan
may interfere with tumor cell proliferation.

As in previous results from a meta-analysis (34), high
expression of PD-L1 was related to an unfavorable prognosis
in this study. This could be explained by tumor cells evading
tumor immunity due to a high expression of PD-L1 potentially
causing poor prognosis. By contrast, IDO-1 expression was
related to a favorable prognosis, although IDO-1 may enable
tumor cells to avoid the immune system. As mentioned above,
IDO-1 exhibited close correlations with CD8 and CD3, thus
the favorable effect of IDO-1 expression on prognosis may
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Figure 5. Kaplan-Meier curves of overall survival, analyzed by log-rank test (A-D). (A) Overall survival. (B) Metastasis was a factor associated with worse
prognosis. (C) Patients with strong PD-LI expression had worse prognosis. (D) Patients with at least focal IDO-1 expression had favorable prognosis. Other
factors were not significantly related to overall survival. Kaplan-Meier curve of distant metastasis-free survival analyzed by log-rank test (E and F). (E) Patients
with high PD-L1 expression had worse prognosis regarding metastasis. (F) Patients with focal IDO-1 expression (=1%) tended to have favorable prognosis
regarding metastasis. Other factors were not associated with metastasis. No factors were associated with local recurrence in this study.

reflect the promotion of the tumor-targeting immune system
by TILs.

As for the clinicopathological features, overall survival
and metastasis were closely related to each other as in a
previous study (35). Specifically, the cases without metas-
tasis tended to be less likely to result in tumor-related death.
Therefore, it was suggested that wide resection before
metastasis may be one of the most important therapeutic
options and that a definitive diagnosis of UPS in the early
therapeutic phase may be essential. In the present study,
the existence of a focal myxoid matrix was not significantly
associated with overall, metastasis-free, or recurrence-free
survival.

Cases of UPS with tumor necrosis also expressed PD-L1
more often than those of UPS without it. This may depend on
the TILs around the area of tumor necrosis. PD-L1 expression

in these tumors may not necessarily reflect that tumor immu-
nity is working. Therefore, anti-PD-1 therapy may not be
useful for such tumors, although they expressed PD-L1.

In the present investigation, we found a small population
of UPS cases with dMMR, which also expressed PD-LI.
Regarding HLA class I, six tumors lost their expression and
one of these expressed focal PD-L1. More studies on the effec-
tiveness of anti-PD-1 therapy for tumors with the loss of HLA
class I are needed.

As for the limitations of the current investigation, UPS is
extremely rare, thus, the number of cases was small. There
were only five UPS cases expressing PD-L1 (=50%). As
such, the possibility of bias in the results cannot be ruled out.
The functional experiments on the usefulness of anti-PD1
or anti-PDL1 therapy to UPS cell lines were also missing.
Our experiments were limited to the induction of INF-y to
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UPS cell lines and its effect on PDL-1 and IDO-1 expres-
sion. Our in vitro study showed only a preliminary result that
IDO-1 expression induced by IFN-vy stimulation in UPS cells
tended to be stronger than PD-L1 expression. The results of
double staining did not prove that TILs positive for CDS-,
CD4-, and CD3-secreted IFN-y because of the data based
on only immunochemical staining of the specimens. In addi-
tion, the outcome of anti-PD-1 therapy for patients with UPS
was not included in the analysis. Therefore, the difference
of effectiveness of anti-PD-1 therapy in UPS cases between
UPS with and without IDO-1 expression remains uncertain.
A clinical study with a larger number of UPS cases should
be carried out.

In conclusion, findings of the present study showed that
UPS tumor cells frequently expressed PD-L1 and IDO-1.
It was also suggested that strong PD-L1 expression (=50%)
requires factors other than TILs. Finally, PD-L1 expres-
sion (=50%) may be a poor prognostic factor and IDO-1
expression may be a better prognostic factor of for UPS
patients.
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