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To the Editor: Extra-mammary Paget’s disease (EMPD) is
a rare cutaneous intra-epidermal adenocarcinoma with a
controversial origin, and frequently occurs in the
penoscrotal region in males. Primary EMPD, which
originates within the epidermis or apocrine glands, is
usually an in situ disease confined to the epidermis with a
good prognosis, while secondary EMPD is considered to
be associated with underlying internal malignancy. EMPD
in situ has the potential to become invasive EMPD which
has a higher metastasis rate and worse prognosis.[1] Thus,
it is important to identify transcriptomic profiles related to
the biological behavior of invasion to improve the
treatment of invasive EMPD in the future.

The research participants comprised 61 male patients
diagnosed with primary penoscrotal EMPD without
secondary malignancy or history of cancer. Correspond-
ing tumor samples from each patient were collected during
surgery and conducted bulk RNA-sequencing (RNA-seq),
whichwas performed on aHiseq 4000 platform (Illumina)
following the manufacturer’s recommendations at Novo-
gene Bioinformatics Institute, Beijing, China. The study
was conducted in accordance with the Declaration of
Helsinki principles and was approved by the Ethics
Committee of Peking University First Hospital (No. 2020-
127). Written informed consents were provided by
patients who participated in this study.

Patients were then divided into non-invasion (n = 36) and
invasion (n = 25) groups based on postoperative
hematoxylin and eosin-stained tissue sections
[Figure 1A]. Paget cells (PCs) of non-invasive EMPD
are in situ or could be found within the epithelial sheaths
of hair follicles and sweat glands. Conversely, PCs of
invasive EMPD break through the basement membrane
zone and invade the dermis or subcutaneous tissue. As a
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sensitive marker of PCs, cytokeratin 7 immunohistochem-
ical staining was used to reassess the location of PCs to
verify the accuracy of grouping.

The comparison analysis revealed a total of 37 differen-
tially expressed (7 upregulated and 30 downregulated)
genes in invasion group compared with non-invasion
group, which were defined as genes with differential
expression levels >2-fold change and false discovery rates
(FDR) <0.05 [Figure 1B, C]. The upregulated genes were
STMN1, CDC20, KIF2C, UBE2C, ASF1B, MYBL2, and
ARPC1B according to the FDR value from low to high.
These seven genes are closely related to cell proliferation,
cancer progression, and poor prognosis. Gene ontology
analysis categorized seven upregulated genes into the
following biological processes: mitotic spindle organiza-
tion (FDR = 6.24� 10�3), mitotic nuclear division (FDR
= 2.3� 10�3), and cell division (FDR = 1.52� 10�2).
Conversely, biological processes of skin development
(FDR = 3.02� 10�12) and establishment of the skin
barrier (FDR = 1.99� 10�6) were significantly down-
regulated in invasion group compared with non-invasion
group [Figure 1D]. These findings indicated that cell cycle-
related genes contribute to the invasive behavior in
EMPD.

To further explore the tumor microenvironment (TME) of
invasive EMPD, the CIBERSORT algorithm was per-
formed to analyze the composition of tumor-infiltrating
immune cells (TICs) in 22 immune cell subsets. The main
constituent cells in the TICs of invasive EMPD were
resting memory CD4+ T cells (15%), CD8+ T cells (13%),
plasma cells (12%), M2 macrophages (12%), and resting
mast cells (9%) [Figure 1E]. Compared with the non-
invasion group, the infiltration of naive B cells and plasma
cells increased in the invasion group, while resting mast
cells and resting dendritic cells decreased (a < 0.05;
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Figure 1: Gene expression and transcriptomic profiles of invasive EMPD. (A) H&E-stained histological manifestations of non-invasive and invasive EMPD. (B) Heatmap of DEGs in invasive
and non-invasive EMPD, in which 7 upregulated and 30 downregulated genes were identified. (C) Correlation clustering of upregulated and downregulated DEGs in invasive EMPD. (D) GO
term enrichment analysis of upregulated and downregulated DEGs in invasive EMPD. (E) A pie chart shows the composition of TICs present in invasive EMPD. (F) Differences in the
composition of TICs between invasive and non-invasive EMPD. DEGs: Differentially expressed genes; EMPD: Extra-mammary Paget’s disease; GO: Gene ontology; H&E: hematoxylin and
eosin; TICs: Tumor-infiltrating immune cells; TME: Tumor microenvironment.
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Figure 1F). These results elaborated the cellular differ-
ences in TME between invasive EMPD and non-invasive
EMPD.

EMPDisa slow-growing cutaneous adenocarcinoma.Most
of them are carcinoma in situ, in which PCs are confined to
the epidermis for a prolonged duration and spread
horizontally.However, once being invasive, PCs can spread
vertically and have a stronger ability for proliferation and
migration. The seven genes identified in this study exhibit
oncogenic functions related to promoting cell division and
proliferation, especially CDC20 and UBE2C, which are
both biomarkers of rapid cellular proliferation. They are
implicated in thegrowthand invasionofvarious tumorsand
have been considered as potential therapeutic targets.
However, the association of these genes with invasive
EMPD has not been reported. STMN1 is an oncogene
involved in various cellular processes, including invasion,
cell cycle progression, and mitotic division. Increased
STMN1 expression is closely associated with malignant
behavior and poor prognosis in multiple adenocarcinomas
such as prostate cancer, colon cancer, breast cancer,
pancreatic cancer, and lung adenocarcinoma.[2] High
expression of CDC20 can exhibit an oncogenic effect that
is associatedwithmalignant progression, tumormetastasis,
and poor prognosis in various cancers, including prostate
cancer.[3]ASF1B is highly expressed in 22 types of cancer, in
which it can promote cell proliferation and influence cell
cycle progression.[4] In addition, multiple studies have
found that KIF2C, UBE2C, MYBL2, and ARPC1B can
indicate poor prognosis in multiple cancers including
hepatocellular carcinoma, endometrial carcinoma, breast
cancer, and colon cancer.[5,6] Altogether, these upregulated
genes exhibit features of enhanced tumor cell proliferation
and migration capacity in invasive EMPD. When high
expression of these genes is observed in slow-growing
EMPD, it isnecessary tobevigilantagainst theoccurrenceof
invasion.

Invasive EMPD is characterized by extensive immune
infiltration, including lymphocytes, macrophages, neutro-
phils, and eosinophils. By interacting with tumor cells,
these immune cells play an important role in tumor
progression and metastasis. Besides, changes in the
cellular proportion of TICs may also reflect differences
in immunological status in invasive EMPD. B cells are
composed of distinct functional phenotypes which play
important roles in antigen presentation and antibody
production in tumors. Chemokines secreted by tumor cells
may attract more naive B cells into TME and promote
their differentiation, while plasma cells may exert whether
anti-tumor or pro-tumor effects through producing anti-
bodies locally.[7] The changes of TICs in invasive EMPD
and their functions need further study, which may provide
new ideas for immunotherapy in advanced EMPD.

In conclusion, our study identified seven genes closely
related to the invasive behavior of EMPD, which have the
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potential to serve as biomarkers and therapeutic targets.
Changes in the cellular proportion of TICs in invasive
EMPD have been elaborated. These findings may
contribute to the treatment of invasive EMPD in the
future and therefore warrant further study.
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