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Abstract

Background/Aim: The action of immune molecular mechanisms in the intratumor microenvironment in desmoid
tumors (DTs) remains unclear. The purpose of this research was to clarify the expression patterns of PD-1/PD-L1
immune checkpoint pathways and NY-ESO-1/MAGE-A4 molecular pathways in DTs.

Materials and Methods: Immunohistochemical analysis of CD4, CD8, PD-1, PD-L1, NY-ESO-1, and MAGE-A4 were
carried out on biopsy specimens collected from patients with DT managed at our hospital. In addition, relationships
between the expression frequencies of each immune marker were explored.

Results: In this study, four male and five female patients were recruited, with a mean age of 37.0 years (range=11-84
years). The average + S.D. percentage of cells positive for 3-catenin, CD4, CD8, PD-1, PD-L1, NY-ESO-1, and MAGE-A4
was 43.9+18.9, 14.6+6.80, 0.75+4.70, 0+0, 5.1+6.73, 30+21.6, and 68.9+20.8, respectively. B-catenin correlated
moderately and positively with CD4 (r=0.49), weakly and positively with PD-L1 (r=0.25), and strongly and positively
with NY-ESO-1 (r=0.52). CD4 showed a moderate positive correlation with PD-L1 (r=0.36), while NY-ESO-1 correlated
moderately and positively with MAGE-A4 (r=0.42).

Conclusion: The NY-ESO-1/MAGEA4 immune pathway may play a more prominent role than the PD-1/PD-L1
checkpoint pathway within the tumor microenvironment of DT.
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Introduction lacking distinct cytoplasmic borders (2). In the most

recent WHO classification of soft tissue and bone tumors,

Desmoid tumors (DTs), also referred to as invasive
fibromas, are monoclonal neoplasms derived from
myofibroblasts that originate in the muscle, tendon,
or neural stroma (1). Morphologically, these tumors
consist of small, bland, elongated spindle-shaped cells

DTs are categorized as intermediate-grade neoplasms,
characterized by locally aggressive growth into adjacent
normal tissues and only rarely by metastasis (3, 4). The
invasive behavior of DTs is demonstrated by their tendency
to infiltrate and encase surrounding structures, which
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can pose a serious threat when they develop near major
blood vessels or vital organs (5, 6). The pathogenesis of
desmoid tumors (DTs) remains incompletely understood.
Previous studies have demonstrated that approximately
85% of DTs harbor somatic mutations in the -catenin
gene, CTNNBI1 (7). In addition, DTs have been reported
to arise in association with inherited disorders such as
familial adenomatous polyposis (FAP) syndrome (8,
9). Both CTNNB1 and APC are components of the Wnt
signaling pathway, and mutations in these genes lead to
upregulation of B-catenin, which accumulates within the
nucleus and activates transcription factors downstream
in the Wnt pathway (10). Therapeutic strategies for
DTs are diverse. Depending on the site of the lesion
and the patient’s overall condition, reported treatment
modalities include surgery, chemotherapy, and radiation
therapy (11). In many instances, desmoid tumors recur
with greater aggressiveness following therapeutic
intervention. Consequently, for patients with stable and
asymptomatic disease, the most appropriate management
strategy is careful observation, commonly referred to as
the “watchful waiting” or “wait-and-see” approach (12).
The management of DTs therefore remains challenging,
and their locally invasive potential underscores the
need for novel therapeutic modalities. The programmed
death-1/programmed death ligand-1 (PD-1/PD-L1)
immune checkpoint axis has recently been implicated
in the pathogenesis of a variety of malignancies (13, 14).
Moreover, anti-PD-1/PD-L1 agents have been approved
for clinical use in several cancers, including melanoma
and renal cell carcinoma (15, 16). Furthermore, recent
findings have highlighted that the majority of 84 cancer/
testis antigen proteins (CTAs), which are uniquely co-
expressed in testicular germ cells and malignant cells,
contribute to cancer cell proliferation and survival,
thereby attracting considerable attention (17). CTAs
represent a class of tumor-associated antigens whose
physiological expression is confined to male germ cells of
the testis and absent in adult somatic tissues (18). Beyond
their tissue-restricted expression, CTAs share several
defining characteristics: organization as multigene

families, frequent localization to the X chromosome,
transcriptional activation through hypomethylation
and histone acetylation, immunogenicity in patients
with cancer, heterogeneous protein expression across
tumor types, and a probable association with tumor
progression (14). Importantly, CTA-derived epitopes
are recognized by autologous T lymphocytes directed
against cancer cells. Consequently, over the past decade,
CTAs have emerged as promising therapeutic targets
in malignant disease (19). Among them, New York
esophageal squamous cell carcinoma-1 (NY-ESO-1) is
a highly immunogenic CTA linked to both innate and
vaccine-induced immune responses, which may translate
into clinically meaningful antitumor effects (20).
Aberrant expression of NY-ESO-1 has been documented
in a variety of malignancies, including hepatocellular
carcinoma, esophageal carcinoma, melanoma, and non-
small cell lung cancer (21). The melanoma antigen gene
(MAGE) protein family constitutes a large and highly
conserved group of proteins characterized by a shared
MAGE homology domain (22). MAGE-A represents a
CTA and belongs to the Type I MAGE subgroup, which
in humans encompasses the MAGE-A, MAGE-B, and
MAGE-C subfamilies, all of which are clustered on
the X chromosome (23). Although the expression of
most MAGE proteins is physiologically restricted to
reproductive tissues, similar to NY-ESO-1, they have
been reported to be aberrantly expressed in numerous
cancers. Among these, MAGE-A4 is broadly expressed
across diverse tumor types, with reported frequencies
of 60% in esophageal cancer, 47% in ovarian cancer,
19-35% in lung cancer, 22% in colorectal cancer, and
13% in breast cancer (23, 24). Recently, we reported
the involvement of PD-1/PD-L1 in aggressive soft tissue
sarcomas (25). However, the literature addressing the
role of PD-1/PD-L1 immune checkpoint mechanisms
in DTs remains limited and controversial (5, 26).
Accordingly, the objective of the present study was to
characterize and elucidate the significance of PD-1/PD-
L1 immune checkpoint expression, as well as the CTAs
NY-ESO-1 and MAGE-A4, in DTs.
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Materials and Methods

Study specimens, processing, and antigen retrieval.
Immunohistochemical staining for CD4, CD8, PD-1, PD-L1,
NY-ESO-1, and MAGE-A4 was conducted on pathological
specimens obtained at biopsy from patients with DTs (n=9)
treated at our institution between April 2006 and December
2012. The staining procedure followed previously described
protocols (25). Tissue samples were fixed in formalin and
embedded in paraffin. Sections of 4 pm thickness were
prepared and mounted on slides. After deparaffinization and
rehydration, endogenous peroxidase activity was blocked
using 3% hydrogen peroxide. For antigen retrieval, PD-1
was subjected to heat treatment (95°C, 5 min) under low pH
(6.0), whereas the other antigens were heat-treated (95°C, 5
min) under high pH (9.0).

Immunostaining procedure and microscopic evaluation.
The sections were incubated with the following primary
antibodies: CD4 (rabbit monoclonal, SP35; Roche
Diagnostics, Risch-Rotkreuz, Switzerland) for 32 min
at 37°C following 60 min high-pH (9.0) activation; CD8
(rabbit monoclonal, C8/144B; Nichirei Corporation,
Tokyo, Japan) for 32 min at 37°C after 60 min high-pH
activation; PD-1 (mouse monoclonal, ab52587; NAT105/
Abcam, Cambridge, UK) for 30 min at 37°C following 30
min low-pH (6.0) activation; PD-L1 (rabbit monoclonal,
ab205921; 28-8/Abcam) for 32 min at 37°C after 60 min
high-pH activation; NY-ESO-1 (mouse monoclonal, E978;
Santa Cruz Biotechnology, Santa Cruz, CA, USA) for 32 min
at 37°C; and MAGE-A4 (rabbit monoclonal, ab229011;
Abcam) for 16 min at 37°C. Sections were subsequently
incubated with the appropriate secondary antibodies for
30 min at 37°C. Signal detection was performed using
3,3-diaminobenzidine (DAB) (DAB Substrate Chromogen
System; DAKO, Kyoto, Japan), followed by hematoxylin
counterstaining. Tonsil tissues served as positive controls;
negative controls were omitted, as lymphocyte-associated
antigens are broadly expressed in human tissues. Slides
were examined microscopically (BIOREVO BZ-9000;
KEYENCE, Osaka, Japan), with positive staining identified

by the presence of brown granules in the cytoplasm,
nuclei, or cell membrane.

Quantification. Quantification of immune marker
expression was performed in four representative high-
power fields (40x magnification) (25). The positivity
rate for each marker was defined as the ratio of positively
stained cells to the total number of cells. Quantification
was carried out using the analysis software provided with
the BIOREVO BZ-9000 system (KEYENCE). Additionally,
correlations among the positivity rates of the individual
immune molecules were assessed.

Statistical analysis. The positivity rates of each marker
were plotted, and correlation diagrams were generated.
The coefficient of determination (R) was obtained by
fitting regression lines to assess the degree of correlation
among the molecules. Correlation testing was performed
using the Pearson’s method. Associations between
clinical parameters and positivity rates of each marker
were analyzed in the same manner. Correlation strength
was classified as follows: very strong (1.02|R|20.7),
strong (0.72|R|20.5), moderate (0.5=|R|20.4),
medium (0.4=|R|=0.3), weak (0.32|R|=0.2), and none
(0.22|R|20.0). Survival analysis was conducted using the
Kaplan-Meier method to estimate 3-year survival rates.
All statistical analyses were performed with Stat Mate
version 5.05 (ATMS, Tokyo, Japan).

Results

Patient characteristics. The clinical profiles of the patients
included in this study are presented in Table I. A total of
four male and five female individuals were recruited.
The mean age was 37.0 years (range=11-84 years).
The average maximum tumor diameter measured 6.08
cm (range=1.0-22.3 cm). Tumor localization was in the
extremities in three cases and in the trunk in six cases.

Immunohistochemical expression. B-catenin staining
was observed predominantly in the cytoplasm of tumor




ANTICANCER RESEARCH 46: xxx-xxx (2026)

Table I. Demographic and clinical features of the study cohort.

Factor Patients, n
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

cells (Figure 1A). CD4 (Figure 1B) and CD8 (Figure 1C)
immunoreactivity was mainly detected in lymphocytes
infiltrating the tumor tissue. PD-1 expression was absent
in all specimens (data not shown). PD-L1 staining was
primarily localized to DT tumor cells (Figure 1D). NY-
ESO-1 and MAGE-A4 exhibited staining within the
nucleus, cytoplasm, and infiltrating lymphocytes of DT
tumors (Figure 1E and F). The mean * S.D. positivity
rates for (-catenin, CD4, CD8, PD-1, PD-L1, NY-ESO-1,
and MAGE-A4 were 43.9+18.9, 14.6+6.80, 0.75+4.70, 0+0,
5.1+6.73,30+21.6,and 68.9+20.8, respectively (Table II).

Correlation between immune molecules. A moderate
positive correlation was observed between [3-catenin
and CD4 (r=0.49, Figure 2A). No significant correlation
was detected between (-catenin and CD8 (r=0.06, data
not shown). B-catenin demonstrated a weak positive
correlation with PD-L1 (r=0.25, Figure 2B) and a strong
positive correlation with NY-ESO-1 (r=0.52, Figure 2C).
In contrast, 3-catenin showed a negative correlation
with MAGE-A4 (r=0.13, data not shown). CD4 and CD8
were negatively correlated (r=0.13, data not shown).
CD4 exhibited a medium positive correlation with PD-L1
(r=0.36, Figure 2D). CD8 was negatively correlated with
PD-L1 (r=-0.13, data not shown). PD-L1 demonstrated

negative correlations with NY-ESO-1 (r=-0.10, data
not shown) and MAGE-A4 (r=-0.11, data not shown).
NY-ESO-1 and MAGE-A4 showed a moderate positive
correlation (r=0.42, Figure 2E). MAGE-A4 also exhibited
a medium positive correlation with CD4 (r=0.34, Figure
3A). Finally, NY-ESO-1 demonstrated a strong positive
correlation with CD8 (r=0.58, Figure 3B).

Discussion

Because the immune molecular mechanisms underlying
DTs remain unclear, the present study investigated the
PD-1/PD-L1 immune checkpoint axis and the expression
of NY-ESO-1 and MAGE-A4 in DTs. Mutations in -catenin
gene are considered the principal driving force in
DT pathogenesis (26). DTs generally exhibit limited
intratumoral lymphocyte infiltration, with low or absent
PD-1 and PD-L1 expression, and demonstrate S-catenin
activation that appears unaffected by checkpoint
inhibition (26, 27). Conversely, two-thirds of patients with
DT have been reported to show PD-L1 positivity, although
no significant survival differences were observed between
PD-L1-positive and -negative cases (27). In the current
study, tumor-infiltrating lymphocytes were identified,
and PD-L1 expression was detected in 7 of 9 cases,
suggesting that PD-L1-mediated immune mechanisms
may contribute to DT biology. A prior report indicated
NY-ESO-1 positivity in only 14.3% of DT cases (28). In
contrast, all patients in the present cohort demonstrated
positivity for both NY-ESO-1 and MAGE-A4. The mean
cellular positivity rates were approximately 30% for
NY-ESO-1 and 69% for MAGE-A4. Compared with earlier
studies, the positivity rates for NY-ESO-1 and MAGE-A4
were higher, which may in part reflect the reliance on
immunohistochemical staining in this investigation.
NY-ESO-1 and MAGE-A4 were implicated in both the
tumor microenvironment and the pathogenesis of DTs.
In our previous work, we demonstrated that PD-1/PD-L1
immune checkpoint pathways and NY-ESO-1/MAGE-A4
immune mechanisms are interconnected in soft tissue
sarcomas (29, 30). In the present study, no correlation was
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Figure 1. Representative immunohistochemical images demonstrating positive staining for -catenin (A), CD4 (B), CD8 (C), PD-L1 (D), NY-ESO-1 (E),
and MAGE-A4 (F) are shown. -catenin immunoreactivity is predominantly localized to the cytoplasm of tumor cells (A). CD4 (B) and CD8 (C) positivity
is observed in lymphocytes infiltrating the tumor tissue. PD-L1 expression is mainly detected in DT tumor cells (D). Both NY-ESO-1 and MAGE-A4 exhibit
staining within the nucleus, cytoplasm, and infiltrating lymphocytes of DT tumors (E and F).

identified between PD-L1 expression and either NY-ESO-1 =~ MAGE-A4. These findings suggest that, within the DT tumor
or MAGE-A4 positivity. By contrast, a significant correlation = microenvironment, the PD-1/PD-L1 checkpoint axis and
was observed between the positivity rates of NY-ESO-1and ~ the NY-ESO-1/MAGE-A4 immune mechanism may function
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Table 1. Rates of positive cells for inmune molecules.

Immune molecule B-catenin CDh4 CD8 PD-1 PD-L1 NY-ESO-1 MAGE-A4

Positive cell rate (mean+S.D.) 43.9+18.9 14.6+6.80 0.75%4.70 0+0 5.1£6.73 30+21.6 68.9+20.8

PD-1: Programmed cell death 1; PD-L1: programmed death-ligand 1; NY-ESO-1: New York esophageal squamous cell carcinoma 1; MAGE-A4:
melanoma-associated antigen A4; S.D.: standard deviation.
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Figure 2. Correlation plots of positive cell rates for various immune molecules are shown (A-E). A moderate positive correlation is observed between
B-catenin and CD4 (r=0.49, A). B-catenin exhibits a weak positive correlation with PD-L1 (r=0.25, B) and a strong positive correlation with NY-ESO-1
(r=0.52, C). CD4 demonstrates a medium positive correlation with PD-L1 (r=0.36, D). NY-ESO-1 and MAGE-A4 display a moderate positive correlation
(r=0.42, E).
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Figure 3. Correlation plots of positive cell rates for selected immune
molecules are presented (A and B). A medium positive correlation is
observed between MAGE-A4 and CD4 (r=0.34, A). A strong positive
correlation is observed between NY-ESO-1 and CD8 (r=0.58, B).

independently. The observed correlation between NY-
ESO-1 and MAGE-A4 further indicates that these antigens
may exert a stronger influence than the PD-1/PD-L1
immune checkpoint mechanism.

Study limitations. First, the relatively small sample size may
have influenced the statistical power and the robustness
of the findings. Second, as the analysis relied solely on
immunohistochemistry, the gene-level expression of PD-
1,PD-L1, NY-ESO-1, and MAGE-A4 could not be validated.
Third, data interpretation was restricted to correlation
analyses. Fourth, downstream signaling pathways and
additional immune-related molecules were not examined.
Finally, it remains unclear whether PD-L1, NY-ESO-1, and
MAGE-A4 directly contribute to the pathogenesis of DT.
Nevertheless, despite these constraints, the present study

provides evidence supporting the involvement of PD-L1,
NY-ESO-1, and MAGE-A4 in DT pathogenesis.

Conclusion

The NY-ESO-1/MAGE-A4 immune mechanism appears to
exert a stronger influence than the PD-1/PD-L1 immune
checkpoint pathway in the pathology of desmoid tumors,
suggesting potential interaction between these mechanisms.
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