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Immunohistochemical expression and clinicopathological assessment of PD-1, PD-L1,
NY-ESO-1, and MAGE-A4 expression in highly aggressive soft tissue sarcomas

Kazuhiko Hashimoto, Shunji Nishimura, Tomohiko Ito, Ryosuke Kakinoki, Masao Akagi
Department of Orthopedic Surgery, Kindai University Hospital, Osaka-Sayama City, Osaka, Japan

Immunotherapy has altered the treatment paradigm for soft tissue sarcomas (STSs). Considering the limited
information regarding the clinical significance of immunohistochemical markers in STS, the purpose of this
study was to determine the clinical significance of programmed cell death-1 (PD-1), PD ligand-1(PD-L1), New
York esophageal squamous cell carcinoma-1 (NY-ESO-1), and melanoma-associated antigen-A4 (MAGE-A4)
expression in STSs. Twenty-two patients (median age, 72.5 years) with STSs treated at our hospital were
included in this study. The specimens obtained at the time of biopsy were used to perform immunostaining for
PD-1, PD-L1, NY-ESO, and MAGE-A4. The rates of PD-1-, PD-L1-, NY-ESO-, and MAGE-A4-positive cells
and cases were calculated. The correlations among the positive cell rates of the immunohistochemical markers
as well as their correlations with the histological grade, tumor size, or maximum standardized uptake
(SUVmax) value were also determined. The average rates of PD-1-, PD-L1-, NY-ESO-, and MAGE-A4-posi-
tive cells were 4.39%, 28.0%, 18.2%, and 39.4%, respectively. PD-1-, PD-L1-, NY-ESO-1-, and MAGE-A4-
positive cell rates showed weak to strong correlations with the SUVmax value. Thus, PD-1, PD-L1, NY-ESO,
and MAGE-A4 expressions might be involved in the aggressive elements of STSs.
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Introduction

Soft tissue sarcomas (STSs) are a diverse group of neoplasms
that arise in connective tissues throughout the body, accounting for
approximately 1% of malignant tumors in adults and 7% to 15% of
malignant tumors in children.! Extremity STSs account for approx-
imately 50-60 % of all STSs.?

The primary treatment for STSs is extensive resection with
adequate surgical margins.? Survival rates have also been shown to
improve after the establishment of postoperative adjuvant
chemotherapy with doxorubicin, cyclophosphamide, and high-
dose methotrexate.* Although the timing of adjuvant radiotherapy
is controversial, systematic reviews have shown that it reduces
local recurrence.>® Recently, systemic chemotherapeutic regimens
using agents such as eribulin and trabectedin have been developed
for advanced STSs, but their indications and efficacy vary depend-
ing on the histological type, and they are not definitive treat-
ments.”® Despite these multidisciplinary treatments, more than
40% of patients eventually experience tumor recurrence, resulting
in an overall survival of less than 12 months.” When conventional
therapies are unsuccessful, the remaining treatment options are
limited; therefore, novel and effective STS therapies are urgently
needed for patients with metastasis or unresectable malignancies.

Immune checkpoint inhibitors have been recently used to alle-
viate the immunosuppressive state of the tumor microenvironment
in solid malignancies by restoring the immune function of T cells
and killing tumor cells.' Cancer/testis antigens (CTAs) belong to
a group of tumor antigens whose normal expression is restricted to
male germ cells in the testis and are not found in adult somatic tis-
sues.!! In addition to their tissue-specific expression profile, the
common features of CTAs include their presence as a multigene
family, frequent mapping to the X chromosome, induction of
expression by hypomethylation and histone acetylation, immuno-
genicity in cancer patients, heterogeneous protein expression in
various tumor types, and potential association with tumor progres-
sion.!" Therefore, over the past decade, CTAs have emerged as a
therapeutic target for the treatment of malignant diseases.!> New
York esophageal squamous cell carcinoma-1 (NY-ESO-1) is an
immunogenic CTA associated with innate and vaccine-induced
immunity that may lead to clinical cancer responses.'> Melanoma-
associated antigen A4 (MAGE-A4) is another CTA that has been
reported to be expressed in many cancers.'* Patients with MAGE-
A4-expressing tumors exhibit specific cellular and humoral
immune responses to MAGE-A4 targeting.'> Although PD-1/PD-
L1 and NY-ESO-1/MAGE-A4 have been reported to be involved
in the pathogenesis of STSs, the details regarding their involve-
ment remain unclear.'®!® Thus, the purpose of the current study
was to clarify the clinical significance of PD-1/PD-L1 and NY-
ESO-1/MAGE-A4 in highly aggressive STSs.

Materials and Methods

The summary data of patients enrolled in the current study are
presented in Table 1. Twenty-two patients (13 men, 9 women) with
STSs were included in the current study. The study protocol was
approved by the Kindai University Ethics Committee (approval
number: R03-021; approved on April 27, 2021). Written informed
consent was obtained from patients who could sign the consent
form, while comprehensive consent was obtained from those who
were unable to sign. The median age of the patients was 72.5 years
(range: 34-101 years). The tumor was located in the upper extrem-
ities in 4 cases, the lower extremities in 13 cases, and the trunk in
5 cases. The histological grades?® were grade 1, grade 2, and grade
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3in 2, 8, and 12 patients, respectively.

The median tumor diameter was 5.8 cm (range, 1.5-15.1 cm).
The median maximum standardized uptake (SUVmax) value was
7.38 (range, 3.13-24.1). The treatment consisted of wide resection
with a flap in 2 cases, wide resection and skin graft in 2 cases,
additional wide resection with a flap in 1 case, wide resection and
postoperative radiotherapy in 3 cases, wide resection in 11 cases,
marginal resection in 2 cases, and postoperative radiotherapy only
in 1 case. Eight cases showed recurrence while 14 cases did not
show recurrence. Five patients reported metastasis while 17 did not
report metastasis. The final clinical outcomes were continuous dis-
ease free (CDF) in 11 patients, no evidence of disease (NED) in 6,
alive with disease (AWD) in 3, and dead of disease (DOD) in 2.

Immunohistochemical staining

Immunostaining for PD-1, PD-L1, NY-ESO-1, and MAGE-A4
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 tumors (MPNSTs) (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-pum thickness were cut and mounted onto
slides. The tissues were deparaffinized, rehydrated, and subjected
to endogenous peroxidase inhibition using 3% hydrogen peroxide.
Antigen activation was performed using antigen-specific heat
treatments at pH 9 as follows: PD-1 at 95°C for 64 min; PD-L1 at
95°C for 64 min, NY-ESO at 100°C for 64 min; and MAGE-A4 at
95°C for 36 min. After heat activation, the tissue sections were
incubated with the following primary antibodies: PD-1 antibody
(mouse monoclonal, ab52587; Abcam, Cambridge, UK) for 30 min
at 37°C after 30 min at low pH (6.0); PD-L1 antibody (rabbit mon-
oclonal, ab205921; Abcam) for 32 min at 37°C after 60 min at high
pH (9.0); NY-ESO-1 antibody (mouse monoclonal, E978; Santa
Cruz Biotechnology, Santa Cruz, CA, USA) for 32 min at 37°C;
MAGE-A4 antibody (rabbit monoclonal, ab229011; Abcam) for
16 min at 37°C; and p53 antibody (mouse monoclonal, 7902912;
Roche Diagnostics, Risch-Rotkrcuz, Switzerland) for 16 min at
37°C. The reaction was visualized using 3,3-diaminobenzidine
(DAB Substrate Chromogen System; DAKO, Kyoto, Japan), and
the sections were counterstained with hematoxylin. Tissues from
the tonsils were used as positive controls for PD-1 and PD-L1.
Testis specimens were also used as positive controls for NY-ESO,
MAGE-AA4, and uterine serous carcinoma. Primary IgG was used
as a negative control for antibodies for PD-1, PD-L1, NY-ESO,
and MAGE-A4. The negative control was established using the
same tissue that was used for the positive control during immunos-
taining. The slides were observed under a microscope (BIOREVO
BZ-9000; Keyence, Osaka, Japan), and brown granules in the cyto-
plasm or nuclei indicated positive staining. Immune marker stain-
ing within the tumor was quantified in 4 representative high-power
fields (40x magnification). The positivity rate for each immune
component was calculated. The positivity rate was defined as the
number of positive cells/total cell number and was quantified using
BIOREVO BZ-9000 software (Keyence).?!

Correlations among positive cell rates of immunohisto-
chemical markers

The correlations between the positive cell rates for PD-1 and
NY-ESO-1, PD-L1 and NY-ESO-1, PD-1 and MAGE-A4, and PD-
L1 and MAGE-A4 were examined. In addition, the positive cell
rates for each immune component was compared with the average
positive cell rate for each of the other components by one-way
analysis of variance (ANOVA).
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Correlations of the positive cell rates of immunohisto-
chemical markers with histological grade, tumor size,
or SUVmax value

The correlations of the positive cell rates for PD-1, PD-L1,
NY-ESO-1, or MAGE-A4 with histological grade,” tumor size,
and SUVmax were evaluated.

Statistcal analysis

The positivity rate of each marker was plotted, and correlation
diagrams were drawn.?! The coefficient of determination (r) was cal-
culated by drawing an approximation line to examine the correla-
tions among each set of markers. Pearson’s method was used to test
the correlations. The correlation between the clinical parameters and
the positive rate of each molecule was also investigated. We catego-
rized 1.0 > |r| > 0.7 as very strong, 0.7 > |r| > 0.5 as strong, 0.5 > |1
> (.4 as moderate, 0.4 > |r| > 0.3 as medium, 0.3 > |r| > 0.2 as weak,
and 0.2 > |r| > 0.0 as no correlation.?? The chi-square test was used
to compare the cases in remission with the non-remission cases.
Statistical significance was set at p < 0.05. Analyses were performed
using Stat Mate 5.05 (ATMS, Tokyo, Japan).

Results

The positive cell rate for each immunohistochemical
marker

Representative images showing hematoxylin and eosin (HE)
staining for UPS, MFS, and MPNST are provided in Figure 1 a-c.
Representative images for PD-1, PD-L1, NY-ESO, and MAGE-A4
staining are shown in Figure 1 d-o. PD-1 and PD-L1 positivity was
observed in tumor-infiltrated lymphocytes and tumor cells (Figure
1 d-i). NY-ESO and MAGE-A4 were stained in the cytoplasm
(Figure 1 j-0). Data for the PD-1-, PD-L1-, NY-ESO-, and MAGE-
A4-positive cell rates are shown in Table 2. The average PD-1-,
PD-L1-, NY-ESO-, and MAGE-A4-positive cell rates were 4.39%,
28.0%, 18.2%, and 39.4%, respectively. The PD-L1-positive cell
rate was significantly higher than the PD-1-positive cell rate
(p<0.01). The MAGE-A4-positive cell rate was also significantly
higher than the PD-1-positive cell rate (p<0.01). Furthermore, the
MAGE-A4-positive cell rate was significantly higher than the NY-
ESO-1-positive cell rate (p<0.05). The rates of patients showing
positivity for PD-1, PD-L1, NY-ESO, and MAGE-A4 were 18.1%
(4/22), 96.3% (19/22), 90.9% (20/22), and 72.7% (16/22), respec-
tively.

Correlations among the positive cell rates of immuno-
histochemical markers

No significant correlation was observed between the PD-1-
and NY-ESO-1/MAGE-A4 positivity rates (r=0.1 and 0.19, p=0.23
and 0.19, respectively; data not shown). Also, no significant corre-
lation was observed between the PD-L1 and NY-ESO-1 positivity
rates (1=0.59, p=0.21, Figure 2a), and between the PD-L1 and
MAGE-A4 positivity rates (1=0.57, p=0.42, Figure 2b).

Correlation of the PD-1/PD-L1-positive cell rates with
the histological grade

The correlation between the PD-1 positivity rate and histolog-
ical grade was not significant (r=0.28, p=0.05, Figure 3a). No sig-
nificant correlation was observed between the PD-L1 positivity
rate and histological grade (=0.68, p=0.40, Figure 3b).

Correlation between the PD-1/PD-L1-positive cell rates
and tumor size

No significant correlation between the PD-1 positivity rate and

OPEN 8ACCESS

Table 1. Characteristics of the study population.

Age (years) > 170 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 (cm <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 periods (years) >3 8
>3 14

MFS, myxofibrosarcoma; UPS, undifferentiated pleomorphic sarcoma; MPNST, malignant peripheral
nerve sheath tumor; SUV-max, maximum standardized uptake value-max; op, operation; CDE. contin-
uous disease free; NED, no evidence of disease; AWD, alive with disease; DOD, dead of disease.

Table 2. The summary of the positive cell rates.

PD-1
0-10 18
10-50 4
>50 0
PD-L1
0-10 9
10-50 7
>50 6
NY-ESO-1
0-10 12
10-50 7
>50 3
MAGE-A4
0-10 8
10-50 4
>50 10

PD-1, programmed cell death-1; PD-L1, programmed cell death ligand-1; NY-ESO-1, New York
esophageal squamous cell carcinoma-1; MAGE-A4, melanoma-associated antigen A4.
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tumor size was observed (r=0.35, p=0.23, Figure 3c). No signifi-
cant correlation was also observed between the PD-L1 positivity
rate and tumor size (r=0.59, p=0.44, Figure 3d).

Correlation between the PD-1/PD-L1-positive cell rates
and the SUVmax value

The PD-1-positive cell rate and SUVmax value showed a sig-
nificant weak correlation (r=0.28, p<0.001, Figure 3e), whereas
the correlation between PD-L1-positivity rate and SUVmax value
was significantly strong (r=0.55, p<0.001, Figure 3f).

Correlation between the NY-ESO-1/MAGE-A4-positive
cell rates and histological grade

No significant correlation between the NY-ESO-1 positivity rate
and histological grade was strong (r=0.53, p=0.23, Figure 4a). Also,
no significant correlation between the MAGE-A4 positivity rate and
histological grade was observed (r=0.72, p=0.47, Figure 4b).

HE

Correlation between the NY-ESO-1/MAGE-A4-posi-
tive cell rates and tumor size

No significant correlation between the NY-ESO-1 positivity
rate and tumor size was observed (1=0.46, p=0.25, Figure 4c).
Also, no significant correlation between the MAGE-A4 positivity
rate and tumor size was observed (r=0.61, p=0.32, Figure 4d).

Correlation between the NY-ESO-1/MAGE-A4-positive
cell rates and SUVmax value

The NY-ESO-1-positive cell rate and SUVmax value showed
significantly weak correlation (r=0.26, p=0.01, Figure 4¢), where-
as the correlation between the MAGE-A4 positivity rate and
SUVmax value was significantly strong (r=0.53, p=0.01, Figure
41).
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Figure 1. Representative histopathological findings for undifferentiated pleomorphic sarcoma (UPS) (a), myxofibrosarcoma (MYF) (b), and
malignant peripheral sheath tumor (MPNST) (c). Hematoxylin and eosin (HE) staining (a-c). PD-1-positive histological findings in UPS
(d) and MFS (e), and negative findings in MPNST (f). PD-L1-positive histological findings in UPS (g), MFS (h), and MPNST (i). NY-ESO-
1-positive histological findings in UPS (j), MFS (k), and MPNST (I). MAGE-A4-positive histological findings in UPS (m), MFS (n), and
MPNST (o). The lower right inset images are the negative control for each immunostaining image (d-o). Scale bars: 100 pm.
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Figure 2. Graphs showing no significant correlation between the PD-L1 and NY-ESO-1 positivity rates (r = 0.59, p=0.21) (a) and between
the PD-L1 and MAGE-A4 positivity rates (r=0.57, p=0.42) (b) in STSs.
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Figure 3. Graphs showing no significant correlation between the histological grade and PD-1 positivity rate (r=0.28, p=0.05) (a); no signif-
icant correlation between the histological grade and PD-L1 positivity rate (r=0.68, p=0.40) (b); no significant correlation between the tumor
size and PD-1 positivity rate (r=0.35, p=0.23) (c); no significant correlation between the tumor size and PD-L1 positivity rate (r=0.59,
p=0.44) (d); medium positive correlation between the SUVmax value and PD-1 positivity rate (r=0.28, p<0.001) (e); and strong positive cor-
relation between the SUVmax value and PD-L1 positivity rate (r=0.55, p<0.001) (f) in STSs.
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Discussion

Various expression rates of PD-1, PD-L1, NY-ESO-A1, and
MAGE-A4 have been reported in STSs.!*?*2 In the current study,
we confirmed the expression of PD-1, PD-L1, NY-ESO-1, and
MAGE-A4 and showed that the expression of these markers was
correlated with the clinical features of highly aggressive STSs. The
expression rates of PD-1 and PD-L1 in UPS, MFS, and MPNST
have been reported to be 34%-80%, 0%-35%, and 13%-17%,
respectively.?>?%2* The expression rate of NY-ESO-1 has been
reported to be 0-11.1% in UPS, 0-50% in MFS, and 0-12% in
MPNST, 18252931 while the MAGE-A4-positive rate has been
reported to be 0-18.2% in UPS, 0% in MFS, and 0%-24.6% in
MPNST.!®% The PD-1-, PD-L1-, NY-ESO-1-, and MAGE-A4-
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positive rates in this study were similar to or higher than those
reported in previous studies.

Our findings also showed a positive correlation between PD-
1/PD-L1- and MAGE-A4-positive cell rates. In the current study,
the PD-L1-positive cell rate was higher than the PD-1-positive cell
rate, and the MAGE-A4-positive cell rate was higher than the PD-
1-positive cell rate. These findings suggest that PD-1, PD-L1, NY-
ESO-1, and MAGE-A4 immune molecules are involved in the
pathogenesis of UPS, MFS, and MPNST. In particular, the expres-
sion of PD-L1 and MAGE-A4 plays important roles in the patho-
genesis of UPA, MFS, and MPNST. Also, the expression of PD-1,
PD-L1, NY-ESO, and MAGE-A4 may be useful biomarkers for
the diagnosis of UPS, MFS, and MPNST.

Recent studies have reported major advances in the character-
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Figure 4. Graphs showing no significant correlation between the histological grade and NY-ESO-1 positivity rate (r=0.53, p=0.23) (a); no
significant correlation between the histological grade and MAGE-A4 positivity rate ( =0.72, p=0.47) (b); no significant correlation between
the tumor size and NY-ESO-1 positivity rate (r=0.46, p=0.25) (c); no significant correlation between the tumor size and MAGE-A4 positivity
rate (r=0.61, p=0.32) (d); weak positive correlation between the SUVmax value and NY-ESO-1 positivity rate (r=0.26, p=0.01) (e); and strong
positive correlation between the SUVmax value and MAGE-A4 positivity rate (r=0.53, p=0.01) (f) in STSs.
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ization of the tumor microenvironment of STS, with the descrip-
tion of “hot tumors” massively infiltrated by immune cells and
“cold tumors” with no significant immune infiltration.’! Moreover,
Petitprez et al. established an immune-based classification relying
on the composition of the tumor microenvironment and identified
5 distinct phenotypes: immune-low, immune-high, and highly vas-
cularized.?? Interestingly, many immune-related cells in the tumor
microenvironment, as well as tumor cells, express genetic muta-
tions that are essential for prognosis and treatment of different sub-
types of STS.33 Recently, HLA-DQA1 has also been reported as a
specific immune biomarker in high-grade UPS and MFS.*
Moreover, evaluation of the positivity rate has been reported to be
an indicator of whether anti-immune molecular inhibitors are
effective.”® In the current study, we observed infiltration of
immune cells into the UPS, MFS, and MPNST. Thus, these find-
ings suggest that PD-1, PD-L1, NY-ESO-1, and MAGE-A4 might
be predictors of response to immune molecular inhibitors in UPS,
MFS, and MPNST.

In general, larger size, higher histological grade, and higher
SUVmax values have been reported as poor prognostic factors for
STSs.337 Previous studies have reported that tumor size, histolog-
ical grade, and SUVmax value are adverse prognostic factors in
UPS, 340 MFS, 354041 and MPNST. 4424 SUVmax has also been
reported to be associated with tumor activity such as tumor necro-
sis and mitosis.*® In the current study, SUVmax were correlated
with PD-1, PD-L1, NY-ESO-1, and MAGE-A4 expression. These
findings suggest that PD-1, PD-L1, NY-ESO-1, and MAGE-A4
expression might indicate a poor prognosis. PD-1, PD-L1, NY-
ESO-1, and MAGE-A4 were also suggested to be potentially
involved in the tumor activity of UPS, MFS, and MPNST.

This study had some limitations that need to be addressed.
First, the small sample size may have affected the significance of
the findings and the potency of the statistical results in this study.
Secondly, the confirmation of diagnosis of UPS, MFS, and
MPNST was not performed. Thirdly, since only immunostaining
studies were used in this study, PD-1, PD-L1, NY-ESO-1, and
MAGE-A4 expression at the genetic level was not confirmed.
Fourthly, we could not investigate the downstream pathways or
other immune molecules such as the PI3K/Akt/mTOR signaling
pathway for PD-1/PD-L1, % or p53-MDM2 or pl6/Rb pathways
for NY-ESO/MAGE-A4.%" Finally, the direct effects of PD-1, PD-
L1, NY-ESO-1, and MAGE-A4 on the pathogenesis of STSs have
not been elucidated. Despite these limitations, the current study
provides evidence for the involvement of PD-1, PD-L1, NY-ESO-
1, and MAGE-A4 in STS pathogenesis and prognosis. However,
further studies with larger sample sizes are required to validate
these findings.

Our results suggest that PD-1, PD-L1, NY-ESO-1, and
MAGE-A4 may be involved in UPS, MFS, and MPNST with
aggressive clinical behavior and could be used as diagnostic and
prognostic markers for highly aggressive STSs.
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