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Clinicopathological assessment of PD-1/PD-L1 immune checkpoint expression
in desmoid tumors
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The details of immune molecules' expression in desmoid tumors (DTs) remain unclear. This study aimed to
determine the expression status of the programmed death-1/programmed death ligand 1 (PD1/PD-L1) immune
checkpoint mechanism in DTs. The study included patients with DTs (n=9) treated at our institution between
April 2006 and December 2012. Immunostaining for CD4, CD8, PD-1, PD-L1, interleukin-2 (IL-2), and inter-
feron-gamma (IFN-y) was performed on pathological specimens harvested during the biopsy. The positivity
rate of each immune component was calculated as the number of positive cells/total cells. The positivity rate
was quantified and correlations between the positivity rates of each immune molecule were also investigated.
Immune molecules other than PD-1 were stained in tumor cells and intra-tumor infiltrating lymphocytes. The
mean = SD expression rates of f3-catenin, CD4, CD8, PD-1, PD-L1, IL-2, and IFN-y were 43.9+18.9,
14.6+£6.80, 0.75+4.70, 0+0, 5.1+6.73, 8.75+6.38, and 7.03x12.1, respectively. The correlation between
[-catenin and CD4 was positively moderate (r=0.49); 3-catenin and PD-L1, positively weak (r=0.25); CD4 and
PD-L1, positively medium (r=0.36); CDS8 and IL-2, positively medium (r=0.38); CD8 and IFN-y, positively
weak (r=0.28); and IL-2 and IFN-y, positively medium (r=0.36). Our findings suggest that PD-L1-centered
immune checkpoint mechanisms may be involved in the tumor microenvironment of DTs.
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Introduction

Desmoid tumors (DTs), also known as invasive fibromas, are
monoclonal neoplasms of myofibroblasts originating from muscle,
tendon, and neural stromata.! Morphologically, the tumor compris-
es small elongated spindle-shaped cells without characteristic
cytoplasmic borders.> According to the latest World Health
Organization (WHO) classification of soft tissue and bone tumors,
a DT is an intermediate-grade neoplasm characterized by an inva-
sive growth pattern into surrounding normal structures and, rarely,
metastasis.>* DTs are relatively rare, accounting for less than 3%
of soft tissue tumors.’ The invasive nature of DTs is evident from
the propensity of the tumor cells to invade and engulf surrounding
normal structures. Thus, DTs pose an imminent danger when they
grow adjacent to major blood vessels and other vital organs.>® The
pathogenesis of DTs remains largely elusive. Nonetheless, 85% of
DTs have somatic mutations in the [-catenin gene CTNNBI.
Furthermore, DTs have been shown to occur as part of inherited
diseases, such as familial adenomatous polyposis (FAP)
syndrome.®® The CTNNBI and APC genes are part of the Wnt sig-
naling pathway. Mutations in these genes upregulate [-catenin
expression. Consequently, [3-catenin accumulates in the nucleus
and activates transcription factors in the Wnt pathway.!”
Depending on the location of the lesion and the patient’s general
condition, various treatment options exist, ranging from surgery to
chemotherapy and radiation therapy.!! However, in many cases
tumors recur more aggressively after treatment. Thus, the most
desirable option for a stable asymptomatic disease is careful mon-
itoring of the patient, also known as the “wait and see policy.”?
Thus, DT treatment remains challenging, and its potentially inva-
sive nature necessitates new treatment strategies. The programmed
death-1/programmed death ligand 1 (PD1/PD-L1) immune check-
point mechanism has recently been shown to be involved in the
pathogenesis of various malignancies.'*!'* Anti-PD-1/PD-L1 drugs
are approved for treating some malignancies, including melanoma
and kidney cancer.'>'® Recently, the involvement of PD-1/PD-L1
in aggressive soft tissue sarcomas has been reported.'” However,
the literature on the involvement of PD-1/PD-L1 immune check-
point mechanisms in DTs is scarce and controversial.>'® Therefore,
this study aimed to determine PD-1/PD-L1 expression, including
inflammatory cytokines, in DTs.

Materials and Methods

This study included patients with DTs (n=9) treated at our
institution between April 2006 and December 2012.
Immunostaining for CD4, CDS8, PD-1, PD-L1, IL-2, and IFN-y
was performed on pathological specimens harvested during the
biopsy. Immunostaining was performed as previously described.!”
Tissue sections were formalin-fixed and paraffin-embedded.
Sections of 4 um thickness were cut and mounted onto slides. The
tissues were deparaffinized and rehydrated, and endogenous per-
oxidase activity was inhibited using 3% hydrogen peroxide. The
sections were pre-treated using heat-mediated antigen retrieval
with sodium citrate buffer as per the manufacturers’ protocol.!”1?
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 envi-
ronment. 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,
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UK) for 30 min at 37°C after 30 min low-pH (6.0) heat activation;
PD-L1 antibody (rabbit monoclonal, 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 monoclonal, ab92381;
Abcam) for 32 min at 37°C after 60 min high-pH (9.0) heat activa-
tion; and IFN-y 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 corresponding secondary antibodies for 30
min at 37°C. The reaction was visualized using 3,3-diaminobenzi-
dine (DAB) (DAB Substrate Chromogen System; DAKO, Kyoto,
Japan) and counterstained with hematoxylin. Tissues from the ton-
sils were used as positive controls. As negative controls, immunos-
taining was performed without the primary antibody. The omission
of the primary antibody is a usual negative control for the immuno-
histochemical assays. Slides were observed under a microscope
(BIOREVO BZ-9000; Keyence, Osaka, Japan), and brown gran-
ules in the cytoplasm, nuclei, or membrane indicated positive
staining. The immune marker staining within the tumor was quan-
tified in 4 high-power representative (40x magnification).”® The
positivity rate of each immune component was calculated as the
number of positive cells/total cell number. The positivity rate was
quantified using the software provided with BIOREVO-BZ 9000
(Keyence, Osaka, Japan). In addition, correlations between the
positivity rates of each immune molecule were investigated.

The study complied with the ethical guidelines of the Declaration
of Helsinki (2013) and was approved by the Kindai University Ethics
Committee (approval number: 31-187; approved on 16 January
2020). Comprehensive consent was obtained from the patients.

Statistical analyses

The positivity rate of each molecule was plotted, and a corre-
lation diagram was drawn. The coefficient of determination (R)
was calculated by drawing an approximation line to examine the
correlation between the positive cell rates of the molecules. Values
of positive cell rates are expressed as mean + SD. Pearson's corre-
lation method was used to confirm the correlations between posi-
tive cell rates of each immune component. Correlations were
defined as follows: very strong, 1.0=IRI=0.7; strong,
0.7=IRI=0.5; moderate, 0.5=IRI=0.4; medium, 0.4=IRI=0.3;
weak, 0.3=IRI=0.2; and no correlation, 0.2=IRI=0.0. The
Kaplan—Meier method was used to evaluate the 3-year survival
rates. Analyses were performed using Stat Mate 5.05 (ATMS,
Tokyo, Japan).

Table 1. Characteristics of the study population.

Age (years)
Median 37
Range 11-84
Sex
Male 4
Female 5
Tumor site
Arms 3
Trunk 6
Tumor size (cm)
<5 5
5-10 3
>10 1
Treatment
Wide resection 7
Marginal resection 2
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Results

Patient characteristics

The clinical characteristics of the patients enrolled in this study
are summarized in Table 1. Four male and five female patients
were enrolled in the present study. The mean age was 37.0 (range,
11-84) years. The mean longest diameter of the tumor in a
2-dimensional plane was 6.08 cm (range, 1.0-22.3 cm). Three
tumors occurred in the extremities and six in the trunk.

B-catenin

g
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Immunohistochemical expression

[-catenin showed staining mainly in the cytoplasm of tumor
cells (Figure 1A). CD4 (Figure 1B) and CD8 (Figure 1C) showed
staining mainly in tumor-infiltrating lymphocytes. PD-1 was not
stained in all cases (data not shown), and PD-L1 showed staining
mainly in DT cells (Figure 1D). IL-2 and IFN-y were found to be
stained in tumor cells and lymphocytes (Figure 1 EF). The mean
expression rates for [3-catenin, CD4, CD8, PD-1, PD-L1,IL-2, and
IFN-y were 43.9+18.9, 14.6+6.80, 0.75+4.70, 0+0, 5.1+6.73,
8.75+6.38, and 7.03+12.1, respectively (Table 2).

Figure 1. Representative immunostaining for each immune molecule. B-catenin showed staining primarily in the cytoplasm of the
tumor cells (A). CD4 (B) and CD8 (C) showed staining primarily in tumor-infiltrating lymphocytes. PD-L1 showed staining mainly
in DT cells (D). IL-2 (E) and IFN-y (F) were found to be stained in tumor cells and lymphocytes; scale bar: 100 pm. The wipe screens

show a higher magnification field.
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Correlation between immune molecules

The correlation between [3-catenin and CD4 was positively
moderate (r=0.49, Figure 2A); [3-catenin and CD8, no correlation
(R=0.06, data not shown); B-catenin and PD-L1, positively weak
(R=0.25, Figure 2B); CD4 and PD-L1, positively medium
(R=0.36, Figure 2C); CD4 and IL-2, no correlation (R=0.07, data
not shown); CD8 and IL-2, positively medium (R=0.38, Figure
2D); CD8 and IFN-y, positively weak (R=0.28, Figure 2E); IFN-y
and PD-L1, no correlation (R=0.05, data not shown); and IL-2 and
IFN-y, positively medium (R=0.36, Figure 2F).

Table 2. Positive cell rates of immune molecules.

Vpress

Discussion

Since the immune mechanisms within DTs remain unclear, the
current study used immunostaining to confirm PD-1/PD-L1
involvement in DTs. We identified intratumor expression of PD-L1
and other immune molecules in DTs.

In recent years, significant advances in the characterization of
the tumor microenvironment of soft-tissue sarcomas have
described “hot tumors” with massive infiltration of immune cells
and “cold tumors” with no significant immune infiltration.! In

Positive cell rate (mean + SD) 43.9+18.9 14.6+6.80 0.75+4.70 0+0 5.1+6.73 8.75+6.38 7.03+12.1
PD-1, programmed cell death 1; PD-L1, programmed death-ligand 1; IL-2, interleukin-2; [FN-y, interferon gamma.
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Figure 2. Graphs show correlations between immune molecules. The correlation between B-catenin and CD4 was positively moderate
(R=0.49, A); B-catenin and PD-L1, positively weak (R=0.25, B); CD4 and PD-L1, positively medium (R=0.36, C); CD8 and IL-2, pos-
itively medium (R=0.38, D); CD8 and IFN-y, positively weak (R=0.28, E); and IL-2 and IFN-y, positively medium (R=0.36, F).
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addition, Petitprez et al. established an immune-based classifica-
tion based on the composition of the tumor microenvironment and
identified five distinct phenotypes: hypoimmune (A and B), hyper-
immune (D and E), and hypervascular (C).?! Based on the results
of this study, DTs are hyperimmune tumors.

Previous reports have reported no or little involvement of PD-
1/PD-L1 in DTs.>!8 Also, PD-L1 expression was found only at the
tumor margins of DTs.> In the current study, all patients were neg-
ative for PD-1, but positive for PD-L1, including inflammatory
cytokines. In addition, PD-L1 expression was found inside the
tumor, not at the tumor margins. Therefore, within the tumor
microenvironment of DT, an immune mechanism by PD-L1 may
be involved.

PD-1 receptors are expressed on the surface of CD8* T cells
when activated by the T-cell receptors (TCRs). Conversely, PD-1
ligand (PD-L1) may be expressed constitutively by tumor cells or
in response to interferon-induced signals via the interferon recep-
tor.2> Taken together, similar constitutive and inducible expression
of PD-1/PD-L1 may be involved within the tumor microenviron-
ment of DT.

Mutations in the [3-catenin gene are the primary driving force
behind the formation of DTs.? In cases of sporadic desmoid fibro-
matosis, B-catenin is more highly expressed in recurrent tumors,
and [-catenin overexpression is considered a prognostic factor that
helps shorten disease-free survival.>* The present study observed a
positive correlation between [-catenin and CD4 and between [3-
catenin and PD-L1. Thus, CD4 and PD-L1 may be upregulated in
DT with poor prognosis.

There were some limitations to this study. First, the small sam-
ple size may have affected the significance of the results and the
power of the statistical analysis. Second, this was a retrospective
study; therefore, there may have been selection bias in enrolling
the patients. Third, PD-1 and PD-L1 expression at the gene level
has not been confirmed. Despite these limitations, this study pro-
vides evidence for the involvement of inducible PD-L1 in the
tumor microenvironment of DTs. However, further studies with
multivariate analyses, larger sample sizes, and longer clinical fol-
low-up periods are needed.

This study provides evidence for the involvement of the
inflammatory cytokine-induced PD-L1 in the pathogenesis of DTs.
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