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ABSTRACT
Extramammary Paget disease (EMPD) is a rare cutaneous adenocarcinoma
of the anogenital region most commonly treated with surgical excision. Surgical
margin clearance is often problematic and recurrence rates remain high indicating
the need for additional therapeutic options. Topical immunomodulators have been
used with reported success suggesting EMPD may respond to other immunotherapies.
This study investigates EMPD protein expression of targetable B7 family members
and cancer/testis antigens (CTAs) B7-H3, B7-H4, PD-L1, PD-L2, MAGE-A, and NYESO-1 and components of antigen presenting machinery B2M and MHC-I. Fifty-seven
specimens from 48 patients (31 female and 17 male), representing in situ, invasive,
and metastatic disease of primary and secondary origin were stained and scored (627
total slides). The percentage of cases expressing each immune regulatory molecule
in the in situ followed by invasive tumor components was: B7-H3 (94, 90), B7-H4
(82, 78), PD-L1 (6, 10), MAGE-A (39, 50), NY-ESO-1 (16, 20), B2M (100, 89), and
MHC-I (78, 79). PD-L2 was negative in all cases. There was high correlation between
marker expression within the in situ and invasive tumor components of the same
case. B7-H4 was preferentially expressed in primary cutaneous EMPD. Co-expression
of B7 family members B7-H3 and B7-H4 was found within the in situ and invasive
tumor components of 74% and 48% of cases, respectively. These findings provide
an initial characterization of EMPD tumor cell expression of B7-H3, B7-H4, PD-L1,
PD-L2, MAGE-A, and NY-ESO-1 and indicate the potential for new immunotherapeutic
options for patients with EMPD.

INTRODUCTION

anogenital region and rarely in other apocrine-rich areas
such as the axilla outside of the mammary gland. Because
EMPD can occur in both apocrine-rich and apocrine-poor
areas, the cell of origin of EMPD remains controversial.

Extramammary Paget disease (EMPD) is a rare
cutaneous adenocarcinoma arising most commonly in the
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Overall, the disease is most common in Asians with 10
cases per million reported compared to 7 cases per million
in Europeans and 0.9 cases per million in Westerners
with a slight female predominance. Patients are generally
over the age of 65 years [1, 2]. Of European females with
EMPD, the majority of disease (83%) is located in the
vulva with most studies reporting invasion in 16–23%
of cases [3–7]. Invasive EMPD is associated with lymph
node or soft tissue metastasis in 34–61% of cases with a
post-metastasis 5-year survival of less than 10% [5–10].
Surgical removal of tumor with wide margins is
currently the treatment of choice for localized EMPD,
though it is often difficult to achieve complete excision
with sufficient clearance. Recurrence rates for vulvar
Paget disease after surgical treatment range from
34–56% [6, 11–13]. It is likely that numerous factors
including anatomic location, depth of adnexal extension,
discontinuous areas of tumor growth, and ill-defined
tumor margins result in an increased risk of recurrence.
Nonsurgical treatments for recurrent disease most
commonly include radiation therapy, imiquimod, and
photodynamic therapy. While nonsurgical therapies report
high response rates, only a minority of patients experience
long-term remission [7]. Treatment of metastatic disease is
limited with no standard regimen of chemotherapy. Since
20–60% of EMPD cases show HER2 gene amplification
and/or overexpression of the HER2 protein, trastuzumab
has been used as monotherapy or in combination with
chemotherapy [14–22].
Following the success of first-generation checkpoint
inhibitors for cancer treatment, expression of the B7
family member programmed death-ligand 1 (PD-L1) has
been widely interrogated in tumors and within the tumor
microenvironment. However, not all patients show denovo or durable response to anti-PD-L1 or anti-PD-1
therapy. Therefore, attention has shifted to other immune
checkpoints such as alternative B7 family members or use
of combinatorial clinical regimens including checkpoint
blockade in combination with cancer/testis antigen (CTA)
vaccines or other immunomodulators [23]. The B7 family
of immunoregulatory molecules currently consists of
10 members including B7-1 (CD80), B7-2 (CD86),
B7-H1 (PD-L1, CD279), B7-DC (PD-L2, CD272), B7H2 (ICOSL, CD275), B7-H3 (CD276), B7-H4, B7-H5
(VISTA), B7-H6, and B7-H7 (HHLA2). The CTAs
currently consist of over 200 molecules including New
York esophageal squamous cell carcinoma 1 (NY-ESO-1)
and melanoma-associated antigen A (MAGE-A) [24].
Data from ongoing trials suggests that checkpoint
blockade may be useful for treatment of non-melanoma
skin cancers [25, 26], and other studies have interrogated
the use of checkpoint blockade in combination with CTA
vaccines [23]. Given this evidence and the clinical need
to expand therapeutic options for local and metastatic
EMPD, the purpose of this study was to characterize
EMPD tumor cell expression of select currently targetable
www.oncotarget.com

B7 family members, B7-H3, B7-H4, PD-L1, programmed
death-ligand 2 (PD-L2) and CTAs, NY-ESO-1 and
MAGE-A. Additionally, since response to checkpoint
blockade has been associated with expression of major
histocompatibility complex class I (MHC-I) and beta-2microglobulin (B2M) [27], we evaluated EMPD tumor
cell expression of MHC-I and B2M in our cohort. To
further interrogate the primary versus secondary site of
origin in each case and the correlation between expression
of the B7 family members and CTAs with cytokeratin
7 (CK7) and cytokeratin 20 (CK20) expression, we
evaluated expression of CK7 and CK20 in each case.
Lastly, CD8 density was quantified to explore the
correlation between CD8 density and expression of all
markers. We then performed hierarchical clustering of
tumor cell immunohistochemical (IHC) expression scores
and correlated these findings with multiple characteristics
of the tumor including sex, extent of disease, origin,
anatomic site, prior treatment, CK7/CK20 status, vital
status, and CD8 density within a series of predominantly
in situ and invasive EMPD. We also report the incidence
of coexpression of the targetable molecules.

RESULTS
Patient characteristics
This study included 48 patients with EMPD, 31
of whom were females (64.6%) and 17 males (35.4%),
ranging from 39 to 92 years with a median age of 69.5
years (Table 1). In total, 57 cases were characterized, as six
patients had two resections and three cases had two tumor
blocks. Thirty-three (61.1%) cases represented in situ
disease, 19 (35.2%) represented invasive disease, and 2
(3.7%) represented metastatic disease. Most samples were
primary cutaneous tumors originating in skin (48, 88.9%),
while 6 (11.1%) were secondary to cutaneous involvement
by a colorectal primary tumor. Charts were reviewed for
history of colon cancer to distinguish between primary and
secondary disease. Twenty-five (46.3%) cases involved
the vulva, and the remaining represented penile/scrotal,
perianal, perineal, and other (lymph node, skin/abdomen,
buttock, thigh) EMPD. Prior therapies were determined
for each patient and noted to account for any differences
in the expression of the studied markers. Thirty-seven
(68.5%) patients had no prior therapy. Of the 48 patients, 5
(10.4%) died from EMPD with a median disease duration
of 73 months ranging from 15–199 months.

Expression of B7 family molecules, cancer/testis
antigens, and antigen presenting machinery in
EMPD
B7-H3 expression by IHC was present within the
in situ component of 46 (93.9%) of 49 cases and in the
invasive component of 17 (89.5%) of 19 cases with mean
6153
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Table 1: Patient characteristics
Median age (range)
Sex
Female (biopsies)
Male (biopsies)
Extent of disease
In situ
Invasive
Metastatic
Origin
Primary
Secondary
Site
Vulvar
Penile/scrotal
Perianal
Perineum
Other
Medicinal treatment
Aldara
Aldara/chemotherapy
Aldara/neratinib
Chemotherapy
5-FU
Other
None
Vital status
Alive
Death from disease
Death unrelated to disease
Unknown

n
69.5 (39-92)

%

31 (33)
17 (21)

64.6
35.4

33
19
2

61.1
35.2
3.7

48
6

88.9
11.1

25
9
11
5
4

46.3
16.7
20.4
9.3
7.4

7
1
2
3
1
3
37

13.0
1.9
3.7
5.6
1.9
5.6
68.5

20
5
2
21

41.7
10.4
4.2
43.8

Abbreviation: 5-FU, Fluorouracil.
versus perianal disease (in situ and invasive components),
and in CK7 single positive versus CK20 single positive
cases (in situ component) (Supplementary Table 3). PDL1 expression was present in the in situ component of 3
(6.1%) of 49 cases and in the invasive component of 2
(9.5%) of 21 cases with mean expression levels of 2.33
and 2.50, respectively (Figure 1, Supplementary Table 2).
There was no significant difference in PD-L1 positive
cases among the different sex, extent of disease, origin,
site, treatment, and CK7/CK20 status classifications
(Supplementary Table 3). PD-L2 expression was negative
in 100% of tumor cells. B7-H3 expression in TILs was
found in 43 (79.6%) of 54 cases with a median percent

expression levels of 8.13 and 5.82, respectively (Figure
1, Supplementary Table 2). There was no significant
difference in B7-H3 positive cases among the different
sex, extent of disease, origin, site, treatment, and CK7/
CK20 status classifications (Supplementary Table 3). B7H4 expression was present within the in situ component
of 40 (81.6%) of 49 cases and in the invasive component
of 14 (77.8%) of 18 cases with mean expression levels
of 5.90 and 7.61, respectively (Figure 1, Supplementary
Table 2). Significantly more B7-H4 positive cases
were seen in primary (88.6% in situ component, 99.3%
invasive component) versus secondary disease (20.0%
in situ component, 0.0% invasive component), in vulvar
www.oncotarget.com

6154

Oncotarget

Figure 1: Representative images of immunohistochemistry for B7-H3, B7-H4, PD-L1, PD-L2, MAGE-A, NY-ESO-1,
MHC-I, and B2M in in situ and invasive EMPD. IHC images for each marker along with the corresponding H&E image for each
case are shown for in situ and invasive EMPD.
www.oncotarget.com
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Several in situ and invasive EMPD tumors expressed
both CK7 and CK20 (Figure 2C–2F). Figure 2C, 2D
represents a CK7/CK20 double positive in situ vulvar
EMPD primary tumor. Figure 2E, 2F represents a CK7/
CK20 double positive invasive perineal EMPD primary
tumor. Among the in situ component of EMPD tumors
overall, 71.4% were CK7 single positive, 8.2% were
CK20 single positive, and 20.4% were CK7/CK20 double
positive (Figure 2G). Among the invasive component of
EMPD tumors overall, 52.4% were CK7 single positive,
9.5% were CK20 single positive, and 33.3% were CK7/
CK20 double positive (Figure 2H). CK7 positivity was
found in a fraction of EMPD secondary to an underlying
intestinal adenocarcinoma (20.0% in situ component,
33.3% invasive component), and CK20 positivity was
found in a fraction of primary cutaneous EMPD (20.5% in
situ component, 33.3% invasive component). All primary
tumors expressed CK7 or both CK7 and CK20, and all
secondary tumors expressed CK20 or both CK20 and
CK7. Among the different tumor classifications, double
positive CK7/CK20 expression was highest in tumors
localized in the perineum (50.0% in situ component,
66.7% invasive component).

positive score of 1–25% (1) (Supplementary Table 1,
Supplementary Table 4). The correlation between B7-H3
TIL percent positive scores and CD8 density (cells/mm2),
measured using Kendall Tau-b rank correlation coefficient,
showed a moderate positive correlation (Kendall Tau-b
0.39). PD-L1 expression in TILs was focal but found in
39 (72.2%) of 54 cases. PD-L2 expression was limited to a
focal dendritic cell population and found in 4 (7.4%) of 54
cases. B7-H4 was not expressed in the TILs of any cases.
MAGE-A expression was present in the in situ
component of 19 (38.8%) of 49 cases and in the invasive
component of 10 (50.0%) of 20 cases with mean
expression levels of 5.92 and 8.60, respectively (Figure 1,
Supplementary Table 2). NY-ESO-1 expression was
present in the in situ component of 8 (16.3%) of 49 cases
and in the invasive component of 4 (20.0%) of 20 cases
with mean expression levels of 3.81 and 4.00, respectively.
There were no significant differences in MAGE-A and
NY-ESO-1 positive cases among the different sex, extent
of disease, origin, site, treatment, and CK7/CK20 status
classifications (Supplementary Table 3).
B2M expression was present in the in situ
component of 49 (100%) of 49 cases and in the
invasive component of 16 (88.9%) of 18 cases with
mean expression levels of 6.74 and 8.31, respectively
(Figure 1, Supplementary Table 2). MHC-I expression
was present in the in situ component of 38 (77.6%) of
49 cases and in the invasive component of 15 (78.9%) of
19 cases with mean expression levels of 6.38 and 6.90,
respectively. There were no significant differences in
B2M and MHC-I positive cases among the different sex,
extent of disease, origin, site, treatment, and CK7/CK20
status classifications (Supplementary Table 3). The two
metastatic EMPD tumors, both of which were from the
same patient, exhibited no B2M expression and one of
two also exhibited no MHC-I expression with the other
expressing very low levels of MHC-I (Supplementary
Figure 3).

Hierarchical clustering of EMPD tumors
Hierarchical clustering was conducted between the in
situ component of all EMPD tumors (n = 49) (Figure 3A),
the invasive component of all EMPD tumors (n = 21)
(Figure 3B), EMPD tumors with both in situ and invasive
components (n = 16) (Figure 4A), and patients with two
resections (n = 6) (Figure 4B). Additional heatmaps
ordered by vital status and extent of disease for the in
situ component (Supplementary Figure 4A, 4B) and the
invasive component (Supplementary Figure 4C, 4D)
of all EMPD tumors were generated to further compare
the expression of the studied biomarkers within tumors
with similar clinical characteristics. The patient number
followed by “a” and “b” was used to distinguish between
two resections from the same patient with “a” representing
the earliest resection and “b” representing the more recent
resection.
Within the in situ component of EMPD tumors,
tumors of secondary origin localized in the perianal
region showed higher scores for B2M, MHC-I, and CK20
and lower B7-H4 expression (Figure 3A) compared
with primary EMPD. CK7 expression was high in all
primary EMPD tumors with the exception of one primary
tumor treated with 5-FU and one of four primary tumors
localized in the perineum. The correlation between CD8
density (counts/mm2) and expression of each marker in
the in situ component of EMPD tumors, measured using
Kendall Tau-b rank correlation coefficient, showed a
moderate positive correlation between CD8 and MAGE-A
and between CD8 and MHC-I (Supplementary Figure
5). A weaker positive correlation with CD8 was found

CK7/CK20 expression in EMPD
CK7 expression was present in the in situ component
of 45 (91.8%) of 49 cases and in the invasive component
of 19 (90.5%) of 21 cases with mean expression levels of
11.33 and 11.53, respectively (Figure 2A, Supplementary
Table 2). Significantly more CK7 positive cases were seen
in primary versus secondary disease (in situ component)
and in vulvar versus perianal disease (in situ component)
(Supplementary Table 3). CK20 expression was present in
the in situ component of 14 (28.6%) of 49 cases and in the
invasive component of 9 (45.0%) of 20 cases with mean
expression levels of 5.75 and 5.44, respectively (Figure 2B,
Supplementary Table 2). 100% of secondary EMPD tumors
exhibited CK20 expression, and significantly more CK20
positive cases were seen in secondary versus primary origin
(in situ component) (Supplementary Table 3).
www.oncotarget.com
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for both NY-ESO-1 and B2M. The correlation between
TIL B7-H3 and expression of each marker in the in situ
component of EMPD tumors, measured using Kendall
tau-b, showed only a weak positive correlation with B2M
expression in tumor (Supplementary Figure 5). There
was no correlation between vital status and any marker
expression in tumor as measured by Kendall Tau-b. There
was weak-to-moderate positive correlation between vital
status & TIL B7-H3 (Kendal tau-b 0.46). There was no
correlation between vital status and either PD-L1 or PDL2 in TILs (Kendall Tau-b and Fisher exact test).
Among the invasive component of EMPD tumors,
higher B2M, MHC-I, MAGE-A, and CK20 and no B7H4 and PD-L1 expression was observed in tumors of
secondary origin localized in the perianal region (Figure

3B) compared to primary cutaneous EMPD. The patient
with two metastatic tumor biopsies expressed low to no
MHC-I, were negative for B2M, PD-L1, NY-ESO-1, and
MAGE-A, and were positive for B7-H3 and B7-H4. The
5 patients who died from EMPD all had low to no MHC-I
expression in their invasive tumor components. The
NA values were a result of no remaining tumor in serial
sections of the block.
The correlation between marker expression within
the in situ and invasive tumor components of invasive
EMPD cases was explored using hierarchical clustering
(Figure 4A). Although some cases clustered together (1,
2, 8, 18, 24, 26, 30, 37, 40, 44), the expression levels of
some markers differed between the in situ and invasive
components of a single case. For example, EMPD tumor

Figure 2: Expression and coexpression of CK7 and CK20 in EMPD. (A) A CK7 positive/CK20 negative in situ EMPD case

shows strong staining intensity (3) in all tumor cells (4). (B) A CK20 positive/CK7 negative in situ EMPD case shows strong staining
intensity (3) in all tumor cells (4). (C and D) A CK7 positive/CK20 positive in situ EMPD case shows weak staining intensity (1) in all
tumor cells (4) for both markers. (E and F) A CK7 positive/CK20 positive invasive EMPD case shows a strong staining intensity (3) in all
tumor cells (4) for CK7 and a weak staining intensity (1) in all tumor cells (4) for CK20. (G) Coexpression of CK7 and CK20 for all tumors
with an in situ component (n = 49) categorized by sex, extent of disease (E o D.), origin, and site. (H) Coexpression of CK7 and CK20 for
all tumors with an invasive component (n = 21) categorized by sex, extent of disease (E. o. D.), origin, and site.
www.oncotarget.com
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Figure 3: Hierarchical clustering of in situ and invasive EMPD. Hierarchical clustering of all immunohistochemical scores and

tumor characteristics (CD8 density (cell/mm2), sex, site, origin, extent of disease (E. o. D.), and treatment) of all tumors with an in situ
component (n = 49) (A) and all tumors with an invasive component (n = 21) (B). The patient numbers are listed below the heatmap. Any
patient number followed by a/b distinguishes between multiple resections from the same patient. Missing values are labeled as NA and not
utilized in the clustering.
www.oncotarget.com
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47 had high expression of B7-H4 (12) in its invasive
component but medium expression of B7-H4 (6) in its in
situ component (Figure 1, B7-H4 invasive case). EMPD
tumor 38b had high expression of MAGE-A (12) in its
invasive component but was negative for MAGE-A (0)
in its in situ component. This tumor was also CK20
positive in its invasive component, but CK20 negative in
its in situ component. In contrast, tumor 38b had higher
B7-H3 expression (12) in its in situ component than its
invasive component (4). Correlation between marker
expression in the in situ and invasive tumor component by
case, measured using Spearman rank coefficient, showed
high positive correlation in the majority of cases when
considering all markers together with the exception of case
34 and 38b (Supplementary Figure 6). Similarity between
the in situ and invasive tumor component of each case
by marker, measured using cosine similarity, showed the
highest similarity between the two components for CK7,
followed by MHC-I, B7-H4, B2M, CK20, and B7-H3 in
order of least to greatest change (Supplementary Figure
7). Comparatively, MAGE-A and NY-ESO-1 showed the
lowest similarity.
The correlation in marker expression between
two resections from the same patient over time using
hierarchical clustering revealed that while some tumors
continue to have similar expression levels over time,
others have differences (Figure 4B). Only one of six
patients, patient 28, retained positivity for the same set
of markers over time. Patient 6 gained MAGE-A and
NY-ESO-1 tumor cell expression, and patient 20 gained
CK20 expression. Patients 20 and 41 gained tumor cell
expression of MHC-I, and patients 5 and 38 lost tumor
cell expression of MHC-I. Overall, despite variations in
the expression levels of B7-H3, B7-H4, B2M, and CK7
among the two resections from the same patient, the
positivity of these markers was conserved in the tumor
cells of all patients over time. The correlation in marker
expression between two resections from the same patient,
measured using Spearman rank coefficient, showed
moderate to high correlation between resections when
considering all 10 markers simultaneously with patient 28
showing the highest correlation and patient 38 showing the
lowest correlation (Supplementary Figure 8). Similarity
between multiple resections from the same patient by
marker, measured using cosine similarity, showed at least
a moderate level of similarity for all markers with CK7
showing the least change between the two resections
followed by B2M, CK20, B7-H3, MHC-I, and B7-H4 in
order of least to greatest change (Supplementary Figure 9).

PD-L1 triple positive, 36 (73.5%) of 49 were B7-H3/
B7-H4 double positive, 7 (14.3%) of 49 were B7-H3
single positive, and 1 (2.0%) of 49 were B7-H4 single
positive overall (Figure 5A). Among the invasive tumor
component, 2 (9.5%) of 21 were B7-H3/B7-H4/PD-L1
triple positive, 10 (47.6%) of 21 were B7-H3/B7-H4
double positive, 3 (14.3%) of 21 were B7-H3 single
positive, and 1 (4.8%) of 21 were B7-H4 single positive
(Figure 5B). B7-H3 single positivity was observed in a
larger number of cases in comparison to B7-H4 single
positivity.
Coexpression of MAGE-A and NY-ESO-1 was also
observed in the EMPD cases. Among the in situ tumor
component, 7 (14.3%) of 49 were MAGE-A/NY-ESO-1
double positive, 12 (24.5%) of 49 were MAGE-A single
positive, and 1 (2.0%) of 49 was NY-ESO-1 single positive
(Figure 5C). Among the invasive tumor component, 4
(19.0%) of 21 tumors were MAGE-A/NY-ESO-1 double
positive and 6 (28.6%) of 21 were MAGE-A single
positive (Figure 5D). The two metastatic tumors were
negative for both MAGE-A and NY-ESO-1, and MAGE-A
single positivity was observed in a larger number of cases
in comparison to NY-ESO-1 single positivity.

DISCUSSION
We report for the first time the differential
expression of B7 family members in tumor cells of EMPD
in a cohort of predominantly primary cutaneous disease.
Our results show that the majority of cutaneous EMPD
cases have tumor expression of B7-H3 and B7-H4 with
few cases expressing PD-L1 and no cases showing tumor
expression of PD-L2. These findings are true for both in
situ and invasive disease. B7 family member expression
does not appear correlative with treatment or sex. For the
most part, B7-H3 and B7-H4 expression is concordant
between the in situ and invasive components of an
individual patient with many cases showing co-expression
of these markers. Two metastatic lesions from the same
patient showed that B7-H3 and B7-H4 were expressed
in both metastatic deposits (the primary tumor was not
available for comparison).
B7-H4 is more frequently expressed in primary
cutaneous disease compared to EMPD secondary to
cutaneous involvement by a colorectal primary tumor.
Based on this finding, strong B7-H4 expression may
suggest primary cutaneous origin in cases with equivocal
or unknown site of origin; however, a larger series of
secondary EMPD cases would be helpful to validate this
observation. We also report that cutaneous expression of
B7-H4 in the normal skin is limited to the follicular root
sheath, sebaceous lobule epithelium, and an epithelial
component of the eccrine duct (Supplementary Figure 1).
While expression of B7-H4 is limited to these anatomic
structures in the skin, the origin of EMPD still remains
uncertain.

Coexpression of B7 family members and cancer/
testis antigens within a single case
Several EMPD cases co-expressed a combination
of B7-H3, B7-H4, and PD-L1. Among the in situ
tumor component, 3 (6.1%) of 49 were B7-H3/B7-H4/
www.oncotarget.com
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Figure 4: Hierarchical clustering of in situ and invasive components of the same tumor and multiple longitudinal
resections. Hierarchical clustering of all immunohistochemical scores and tumor characteristics (CD8 density (cell/mm2), sex, site,

origin, extent of disease (E. o. D.), treatment, and component (comp.)) of all tumors with both an in situ and invasive component (n = 16)
(A) and all patients with two resections (n = 6) (B). Case a represents an older resection while cases b represents the more recent resection
for patients with two resections. Missing values are labeled as NA and not utilized in the clustering.
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Expression of B7-H4 is generally regarded as
protumorigenic often correlating with decreased T cell
infiltrates with aberrant macrophage function [28–31],
higher stage of disease [32], increased lymph node
involvement [33], and lower survival [34–41]. Although
some reports show contrasting results and discrepant
staining patterns in TIL subsets [42–44], it is possible
that cellular context and other features of the tumor
microenvironment impact outcome. While expression
within the leukocytes is best assessed with multiplexed
staining modalities with quantitative digital analysis
[45], we did not see B7-H4 expression within associated
leukocytes or within stromal macrophage components
(data not shown) with chromogenic detection on whole
tissue sections. In fact, B7-H4 expression was restricted
to the tumor and anatomic structures of the skin described
above. These data are consistent with reports that B7-H4
protein expression is tightly regulated with leukocyte
protein expression often requiring significant stimulation
[42, 43].
We have shown that B7-H3 is widely expressed
across our EMPD cohort of both primary and secondary
disease. B7-H3 expression is relatively broad among
normal tissues with increased levels in a diverse group
of cancers including lung, kidney, breast, prostate, and

brain [46, 47]. The majority of studies show that B7-H3
functions as a co-inhibitory molecule with engagement
resulting in inhibition of T cell proliferation and
decreased secretion of cytokines such as TNF-alpha and
IFN-gamma [46, 48–51]. B7-H3 can be expressed by
numerous cell lineages; however, the function of B7H3 in antigen presenting cells (APCs) is to inhibit T-cell
activation via IL-2 suppression [51]. B7-H3 has many
other proposed functions in tumor biology including
contributions to tumor growth [52], metastasis [53] and
drug resistance [54]. In our series, we show broad and
diffuse B7-H3 expression across the cohort with relatively
diffuse expression in the tumor associated leukocytes
(Supplementary Table 1, Supplementary Table 4). We
also showed a weak positive correlation between TIL B7H3 and B2M expression in tumor, a weak-to-moderate
positive correlation between TIL B7-H3 and vital status,
and a moderate positive correlation between TIL B7-H3
and CD8 density.
Within the cohort, EMPD tumor cells rarely express
PD-L1, and PD-L2 was negative in all tumor cells.
We found occasional PD-L2 expressed by leukocytes,
morphologically within the APC lineage. PD-L1 was also
focally seen in associated TILs (Supplementary Table 4);
however, the levels were not appreciable and better

Figure 5: Coexpression of B7 family members and cancer/testis antigens in EMPD. Coexpression of B7 family members

B7-H3, B7-H4, and PD-L1 categorized by sex, extent of disease (E o D.), origin, and site for all tumors with an in situ component (A) and
all tumors with an invasive component (B). Coexpression of cancer/testis antigens MAGE-A and NY-ESO-1 categorized by sex, extent of
disease (E. o. D.), origin, and site for all tumors with an in situ component (C) and all tumors with an invasive component (D). NA refers
to cases in which there were no remaining tumor cells in serial sections to be scored.
www.oncotarget.com
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quantified with other technologies allowing for subset
assessment and more accurate quantification [45]. There
was no correlation between TIL PD-L1 or PD-L2 and vital
status. Our PD-L1 findings confirm two recent studies
performed by Karpathiou et al. and Mauzo et al. that also
report low levels of PD-L1 in EMPD tumor cells [55, 56].
We also identified expression of CTAs MAGE-A
and NY-ESO-1 on tumor cells of EMPD of both primary
and secondary origin and in in situ and invasive disease
but not in the lone patient with metastatic disease.
MAGE-A expression showed the highest positive
correlation with CD8 density among all studied markers in
tumor. MAGE-A and NY-ESO-1 are generally regarded as
good candidates for immunotherapy as they show limited
expression in normal tissues with aberrant expression in a
broad array of tumor tissues [23, 57, 58]. Relevant to this
work, it is well known that MAGE-A1 and NY-ESO-1 are
expressed in colorectal carcinoma [59], but this is the first
report of primary EMPD expressing CTAs. Importantly,
CTAs are generally regarded as immunogenic proteins,
and both MAGE-A and NY-ESO-1 are currently targets
for cancer immunotherapy. It is well known that the antiMage-A monoclonal 6C1 utilized in this study shows
immunoreactivity for numerous homologous Mage family
members including MAGE-A1, MAGE-A2, MAGE-A3,
MAGE-A4, MAGE-A6, MAGE-A10, and MAGE-A12,
and further subclassification would require isoform
specific rt-PCR or similar studies [60].
The common expression of B2M and MHC-I on
tumor cells of EMPD reported herein demonstrates that
EMPD retains the cellular antigen presenting machinery
that is widely regarded as beneficial for immune targeting
suggesting that EMPD patients have a greater likelihood
of responding to immunotherapy. We also report a
patient with metastatic EMPD to lymph node showing
no expression of B2M or MHC-I in one lesion and no
expression of B2M and focal weak expression of MHC-I
in another metastasis. While the primary tumor was not
available for comparison, loss of B2M and MHC-I have
been reported as mechanisms of immune resistance
[61, 62].
This study confirms prior reports showing that
cutaneous EMPD shows strong CK7 immunoreactivity
and disease secondary to colorectal carcinoma shows
strong CK20 staining [63–67]. One patient with vulvar
EMPD showed weak CK7 staining and strong CK20
reactivity. Interestingly, this was the only patient to have
received 5-FU therapy prior to biopsy. Of the six patients
with EMPD secondary to a colorectal primary, all showed
strong CK20 staining and two had concurrent, weak CK7
staining.
The majority of EMPD patients have noninvasive disease restricted to the epidermis and adnexal
epithelium with a small percentage showing invasion.
With localized disease, accessibility of locoregional
therapies delivered by topical administration or injection
www.oncotarget.com

may be a desirable or more effective alternative to
surgical management. We report that EMPD expresses
high levels of B7 family members B7-H3 and B7-H4
with lower levels of CTAs MAGE-A and NY-ESO-1,
very focal expression of PD-L1, and no expression of
PD-L2 in addition to high levels of antigen presenting
machinery molecules B2M and MHC-I in this cohort.
A search of clinicaltrials. gov for interventional clinical
trials identified forty-two B7-H3, one B7-H4, forty-six
MAGE-A, and one hundred twenty-four NY-ESO-1
trials that are either not yet recruiting, recruiting,
enrolling by invitation, active, suspended/terminated,
or completed. Of these clinical trials, there are fifteen
B7-H3, one B7-H4, ten MAGE-A, and thirty-seven NYESO-1 trials that are currently recruiting patients for
various conditions (none for EMPD). Given our findings,
inclusion of EMPD patients in these clinical trials or the
development of new clinical trials such as B7-H3 or B7H4 targeted therapy in combination with MAGE-A or
NY-ESO-1 targeted therapy may prove to be successful
in the management of EMPD.

MATERIALS AND METHODS
Case selection
Forty-eight patients with in situ or invasive EMPD
were identified, and 57 surgically resected, formalinfixed, paraffin-embedded (FFPE) EMPD specimens were
obtained from the archives of Memorial Sloan Kettering
Cancer Center (MSKCC). This study was approved by the
MSKCC institutional biospecimen review board. Fourmicron thick tissue sections were stained with hematoxylin
and eosin (H&E) and reviewed by a dermatopathologist
(T. Hollmann) to confirm the diagnosis of in situ, invasive,
or metastatic EMPD and to select a representative tumor
block in cases where more than one tissue block was
available per excision. Two tumor blocks from three cases
were selected and later averaged, resulting in a final count
of 54 unique EMPD specimens labeled by sample ID 1-48.
Six patients had two resections. The patient files were
reviewed, and patient characteristics including age, sex,
extent of disease, origin and site of disease, prior medicinal
treatments, and vital status are summarized in Table 1.
Extent of disease was characterized as in situ, invasive,
or metastatic. Primary versus secondary disease was
determined by searching patient histories for colorectal
cancer. The four other sites consist of metastatic disease
in the lymph nodes, cutaneous metastatic disease on the
abdomen, in situ disease on the buttock, and invasive
disease on the thigh. The other treatments consist of an
unknown cream used by the patient, Lenalidomide for
multiple myeloma, and FOLFOX-Avastin for metastatic
colon cancer. A vital status of unknown was recorded for
patients with a last follow-up appointment of greater than
two years.
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Table 2: Antibodies used for immunohistochemistry
Primary antibody
B2M
B7-H3
B7-H4
CD8
CK7
CK20
MAGE-A
MHC-I
NY-ESO-1
PD-L1
PD-L2

Clone

Vendor

Catalog number

Polyclonal
D9M2L
D1M8I
C8/144B
OV-TL-12/30
Ks20.8
6C1
A4
E978
E1L3N
D7U8C

Dako
Cell Signaling Technology
Cell Signaling Technology
Dako
Dako
Dako
Thermo Fisher Scientific
eBioscience
Thermo Fisher Scientific
Cell Signaling Technology
Cell Signaling Technology

A007202
14058S
14572S
M7103
M7018
M7019
35-6300
14-9958
35-6200
13684S
82723S

Concentration
(µg/mL)
1
0.125
5.2
1.5
0.245
0.0425
10
2.5
1
2
5

Abbreviations: B2M, beta-2-microglobulin; CK, cytokeratin; PD-L1, programmed death-ligand 1; PD-L2, programmed
death-ligand 2; MAGE-A, melanoma-associated antigen A; MHC-I, major histocompatibility complex class I; NY-ESO-1,
New York esophageal squamous cell carcinoma 1.

Immunohistochemical staining

IHC staining intensity was scored as negative (0), weak
(1), moderate (2), or strong (3). Examples of 0-3 staining
intensity for B7-H4 are included in Supplementary
Figure 2. The product of percentage of positive tumor
cells and IHC staining intensity, ranging from 0 to 12,
was calculated and utilized as the final reported score for
each marker (Supplementary Table 1). For the three cases
that had two tumor blocks stained (5b, 9, 38b), scores
for each marker were averaged. Some figures and tables
have slightly differing specimen numbers due to lack of
remaining tumor cells in the serial sections of some cases.
The expression of B7-H4, PD-L1, and PD-L2 in tumor
infiltrating lymphocytes (TILs) in each case was assessed
and reported as positive or negative. The percentage of
B7-H3 positive TILs in each case was estimated and
categorized as negative (0), 1-25% (1), 26-50% (2), 5175% (3), or 76-100% (4). The density of CD8 positive
cells within 500 microns of the epidermis in in situ cases
or throughout the sample in invasive cases was quantified
using Halo Image Analysis Software (Indica Labs) and
reported as cells per millimeter squared (Supplementary
Table 1).

Immunohistochemical staining for B2M, B7-H3,
B7-H4, CD8, CK7, CK20, MAGE-A, MHC-I, NY-ESO-1,
PD-L1, and PD-L2 (Table 2) was performed on 4-micron
thick FFPE serial sections using an automated staining
system (Leica Bond). Antigen retrieval was conducted for
30 minutes using Bond epitope retrieval solution 2 (EDTA,
pH 9.0) followed by incubation of the primary antibody
for 30 minutes for all markers. Appropriate positive
controls were included in each staining run (B7-H3,
placenta (cytotrophoblast); B7-H4, normal hair follicle;
PD-L1, placenta; PD-L2, normal tonsil; MAGE-A,
placenta; NY-ESO-1, normal testicle; B2M, normal skin;
MHC-I, normal skin; CK7, normal breast; CK20, normal
colon; CD8, normal tonsil) (Supplementary Figure 1). The
B7-H3 and B7-H4 clones were independently validated
for specificity [68].

Assessment of immunohistochemical staining
The IHC stains were evaluated to determine the
expression of each marker in tumor cells using a semiquantitative scoring method based on the percentage of
positive tumor cells and the staining intensity of each
marker in tumor cells. Positivity for B7-H3, B7-H4, PDL1, PD-L2, B2M, and MHC-I was defined by membranous
expression. Positivity for NY-ESO-1 and MAGE-A was
defined by membranous and/or cytoplasmic expression.
Positivity for CK7 and CK20 was defined by any staining
in the tumor cells. Slides were scored blindly by T.
Hollmann and M. Pourmaleki. The percentage of positive
tumor cells was estimated and categorized as negative
(0), 1-25% (1), 26-50% (2), 51-75% (3), or 76-100% (4).
www.oncotarget.com

Hierarchical clustering and statistical analysis
Clustering of both markers and cases was done
using standard hierarchical clustering (R function hclust)
with complete linkage, and for the distance function the
Manhattan metric was used. Missing values were labeled
as NA in R and not utilized in the clustering. Correlation
between marker expression in the in situ and invasive
tumor component by case and between two resections
from the same patient was measured using Spearman
rank coefficient. Similarity in marker expression between
6163

Oncotarget

REFERENCES

the in situ and invasive tumor component of each case
and between two resections from the same patient by
marker was measured using cosine similarity. To assess
for statistically significant differences in marker percent
positive among the various tumor characteristics, p-values
were computed according to a permutation test, in which
labels between the groups being compared in each
category were randomly shuffled for 1000 iterations. A
minimum of three cases in each group is being compared,
and a total of 10 cases across groups were required for
each permutation test. P-values across markers for any two
categories being compared were corrected for multiple
hypothesis testing according to the Benjamini-Hochberg
procedure at 5% false discovery rate (FDR). Correlation
between CD8 density and expression of each marker in
tumor and TIL B7-H3 was measured using Kendall Tau-b
rank correlation coefficient. Correlation between TIL B7H3 and expression of each marker in tumor was measured
using Kendall Tau-b rank correlation coefficient. Lastly,
vital status was categorized into two binary categories
(0 = dead, 1 = alive) by combining “Death from disease”
& “Death unrelated to disease” and removing any status
of “Unknown” to measure the correlation between vital
status and expression of each marker in tumor and TIL B7H3/PD-L1/PD-L2 using Kendall Tau-b rank correlation
coefficient.

1. Kanitakis J. Mammary and extramammary Paget’s disease.
J Eur Acad Dermatol Venereol. 2007; 21:581–590. https://
doi.org/10.1111/j.1468-3083.2007.02154.x. [PubMed]
2. Shepherd V, Davidson EJ, Davies-Humphreys J.
Extramammary Paget’s disease. BJOG. 2005; 112:273–
279. https://doi.org/10.1111/j.1471-0528.2004.00438.x.
[PubMed]
3. Karam A, Dorigo O. Increased risk and pattern of secondary
malignancies in patients with invasive extramammary Paget
disease. Br J Dermatol. 2014; 170:661–671. https://doi.
org/10.1111/bjd.12635. [PubMed]
4. Niikura H, Yoshida H, Ito K, Takano T, Watanabe H, Aiba S,
Yaegashi N. Paget’s disease of the vulva: clinicopathologic
study of type 1 cases treated at a single institution. Int
J Gynecol Cancer. 2006; 16:1212–1215. https://doi.
org/10.1136/ijgc-00009577-200605000-00040. [PubMed]
5. van der Zwan JM, Siesling S, Blokx WA, Pierie JP, Capocaccia
R. Invasive extramammary Paget’s disease and the risk
for secondary tumours in Europe. Eur J Surg Oncol. 2012;
38:214–221.
https://doi.org/10.1016/j.ejso.2011.12.008.
[PubMed]
6. van der Linden M, Oonk MH, van Doorn HC, Bulten J, van
Dorst EB, Fons G, Lok CA, van Poelgeest MI, Slangen BM,
Massuger LF, de Hullu JA. Vulvar Paget disease: A national
retrospective cohort study. J Am Acad Dermatol. 2019;
81:956–62.
https://doi.org/10.1016/j.jaad.2018.11.016.
[PubMed]

Author contributions
Conception and design: MP, TJH; Provision of study
materials and patients: MP, SC, ME, DSC, KJB, TJH;
Collection and assembly of data: MP, YL, MZ, LR, TJH;
Data analysis and interpretation: MP, JHY, NDS, TJH;
Manuscript writing: MP, IKM, TJH; Final approval of
manuscript: All authors have read and approved the final
version of this manuscript.

7. van der Linden M, Meeuwis KA, Bulten J, Bosse T, van
Poelgeest MI, de Hullu JA. Paget disease of the vulva.
Crit Rev Oncol Hematol. 2016; 101:60–74. https://doi.
org/10.1016/j.critrevonc.2016.03.008. [PubMed]
8. Hatta N, Yamada M, Hirano T, Fujimoto A, Morita R.
Extramammary Paget’s disease: treatment, prognostic
factors and outcome in 76 patients. Br J Dermatol.
2008;
158:313–318.
https://doi.org/10.1111/j.13652133.2007.08314.x. [PubMed]

CONFLICTS OF INTEREST
T. Hollmann reports research funding from
General Electric. I. Mellinghoff reports research funding
from General Electric, Amgen, and Lilly; consulting or
advisory roles with Agios, Puma Biotechnology, and
Debiopharm Group; honoraria for participation in a
seminar presentation from Roche. D. Chi reports advisory
roles with Bovie Medical Co., Verthermia Inc., stock
holdings in Intuitive Surgical Inc. and being Chief editor
of C. Surgeries.

9. heng PS, Lu CL, Cheng CL, Lai FJ. Significant male
predisposition in extramammary Paget disease: a nationwide
population-based study in Taiwan. Br J Dermatol. 2014;
171:191–193. https://doi.org/10.1111/bjd.12851. [PubMed]
10. Ito Y, Igawa S, Ohishi Y, Uehara J, Yamamoto AI,
Iizuka H. Prognostic indicators in 35 patients with
extramammary Paget’s disease. Dermatol Surg.
2012; 38:1938–1944. https://doi.org/10.1111/j.15244725.2012.02584.x. [PubMed]

FUNDING

11. Perez DR, Trakarnsanga A, Shia J, Nash GM, Temple
LK, Paty PB, Guillem JG, Garcia-Aguilar J, Weiser
MR. Management and outcome of perianal Paget’s
disease: a 6-decade institutional experience. Dis Colon
Rectum. 2014; 57:747–751. https://doi.org/10.1097/
DCR.0000000000000100. [PubMed]

This research was supported by the Pulver family
and by the Parker Institute for Cancer Immunotherapy
at Memorial Sloan Kettering Cancer Center and in part
through the NIH/NCI Cancer Center Support Grant P30
CA008748.
www.oncotarget.com

6164

Oncotarget

12. Fanning J, Lambert HC, Hale TM, Morris PC, Schuerch C.
Paget’s disease of the vulva: prevalence of associated vulvar
adenocarcinoma, invasive Paget’s disease, and recurrence
after surgical excision. Am J Obstet Gynecol. 1999;
180:24–27. https://doi.org/10.1016/S0002-9378(99)701432. [PubMed]

extramammary Paget’s disease. Invest New Drugs. 2016;
34:394–396. https://doi.org/10.1007/s10637-016-0329-8.
[PubMed]
22. Tanskanen M, Jahkola T, Asko-Seljavaara S, Jalkanen J,
Isola J. HER2 oncogene amplification in extramammary
Paget’s disease. Histopathology. 2003; 42:575–579. https://
doi.org/10.1046/j.1365-2559.2003.01648.x. [PubMed]

13. Onaiwu CO, Salcedo MP, Pessini SA, Munsell MF, Euscher
EE, Reed KE, Schmeler KM. Paget’s disease of the vulva:
A review of 89 cases. Gynecol Oncol Rep. 2016; 19:46–49.
https://doi.org/10.1016/j.gore.2016.12.010. [PubMed]

23. Gjerstorff MF, Andersen MH, Ditzel HJ. Oncogenic cancer/
testis antigens: prime candidates for immunotherapy.
Oncotarget. 2015; 6:15772–15787. https://doi.org/10.18632/
oncotarget.4694. [PubMed]

14. Plaza JA, Torres-Cabala C, Ivan D, Prieto VG. HER-2/
neu expression in extramammary Paget disease: a
clinicopathologic and immunohistochemistry study of 47
cases with and without underlying malignancy. J Cutan
Pathol. 2009; 36:729–733. https://doi.org/10.1111/j.16000560.2008.01148.x. [PubMed]

24. Gibbs ZA, Whitehurst AW. Emerging Contributions of
Cancer/Testis Antigens to Neoplastic Behaviors. Trends
Cancer. 2018; 4:701–712. https://doi.org/10.1016/j.
trecan.2018.08.005. [PubMed]
25. Blum V, Müller B, Hofer S, Pardo E, Zeidler K, Diebold
J, Strobel K, Brand C, Aebi S, Gautschi O. Nivolumab for
recurrent cutaneous squamous cell carcinoma: three cases.
Eur J Dermatol. 2018; 28:78–81. [PubMed]

15. Richter CE, Hui P, Buza N, Silasi DA, Azodi M,
Santin AD, Schwartz PE, Rutherford TJ. HER-2/NEU
overexpression in vulvar Paget disease: the Yale experience.
J Clin Pathol. 2010; 63:544–547. https://doi.org/10.1136/
jcp.2010.077446. [PubMed]

26. Amaral T, Leiter U, Garbe C. Merkel cell carcinoma:
Epidemiology, pathogenesis, diagnosis and therapy. Rev
Endocr Metab Disord. 2017; 18:517–532. https://doi.
org/10.1007/s11154-017-9433-0. [PubMed]

16. Tanaka R, Sasajima Y, Tsuda H, Namikawa K, Tsutsumida
A, Otsuka F, Yamazaki N. Human epidermal growth factor
receptor 2 protein overexpression and gene amplification
in extramammary Paget disease. Br J Dermatol. 2013;
168:1259–1266.
https://doi.org/10.1111/bjd.12249.
[PubMed]

27. Rodig SJ, Gusenleitner D, Jackson DG, Gjini E, GiobbieHurder A, Jin C, Chang H, Lovitch SB, Horak C, Weber
JS, Weirather JL, Wolchok JD, Postow MA, et al. MHC
proteins confer differential sensitivity to CTLA-4 and PD-1
blockade in untreated metastatic melanoma. Sci Transl Med.
2018; 10:eaar3342. https://doi.org/10.1126/scitranslmed.
aar3342. [PubMed]

17. Takahagi S, Noda H, Kamegashira A, Madokoro N, Hori
I, Shindo H, Mihara S, Hide M. Metastatic extramammary
Paget’s disease treated with paclitaxel and trastuzumab
combination chemotherapy. J Dermatol. 2009; 36:457–
461. https://doi.org/10.1111/j.1346-8138.2009.00676.x.
[PubMed]

28. Pagnotti GM, Atkinson RM, Romeiser J, Akalin A,
Korman MB, Shroyer KR. B7-H4 is Inversely Correlated
With T-Cell Infiltration in Clear Cell but Not Serous or
Endometrioid Ovarian Cancer. Appl Immunohistochem
Mol Morphol. 2019; 27:515–22. https://doi.org/10.1097/
PAI.0000000000000608. [PubMed]

18. Hanawa F, Inozume T, Harada K, Kawamura T, Shibagaki
N, Shimada S. A Case of Metastatic Extramammary
Paget’s Disease Responding to Trastuzumab plus Paclitaxel
Combination Therapy. Case Rep Dermatol. 2011; 3:223–
227. https://doi.org/10.1159/000333002. [PubMed]

29. Suh WK, Wang S, Duncan GS, Miyazaki Y, Cates E,
Walker T, Gajewska BU, Deenick E, Dawicki W, Okada
H, Wakeham A, Itie A, Watts TH, et al. Generation and
characterization of B7-H4/B7S1/B7x-deficient mice. Mol
Cell Biol. 2006; 26:6403–6411. https://doi.org/10.1128/
MCB.00755-06. [PubMed]

19. Vornicova O, Hershkovitz D, Yablonski-Peretz T, BenItzhak O, Keidar Z, Bar-Sela G. Treatment of metastatic
extramammary Paget’s disease associated with adnexal
adenocarcinoma, with anti-HER2 drugs based on genomic
alteration ERBB2 S310F. Oncologist. 2014; 19:1006–1007.
https://doi.org/10.1634/theoncologist.2014-0054. [PubMed]

30. Leung J, Suh WK. Host B7-H4 regulates antitumor T
cell responses through inhibition of myeloid-derived
suppressor cells in a 4T1 tumor transplantation model. J
Immunol. 2013; 190:6651–6661. https://doi.org/10.4049/
jimmunol.1201242. [PubMed]

20. Barth P, Dulaimi Al-Saleem E, Edwards KW, Millis SZ,
Wong YN, Geynisman DM. Metastatic Extramammary
Paget’s Disease of Scrotum Responds Completely to Single
Agent Trastuzumab in a Hemodialysis Patient: Case Report,
Molecular Profiling and Brief Review of the Literature.
Case Rep Oncol Med. 2015; 2015:895151. https://doi.
org/10.1155/2015/895151. [PubMed]

31. Johansson M, Denardo DG, Coussens LM. Polarized
immune responses differentially regulate cancer
development. Immunol Rev. 2008; 222:145–154. https://
doi.org/10.1111/j.1600-065X.2008.00600.x. [PubMed]

21. Watanabe S, Takeda M, Takahama T, Iwasa T, Tsurutani J,
Tanizaki J, Shimizu T, Sakai K, Wada Y, Isogai N, Nishio
K, Nakagawa K. Successful human epidermal growth
receptor 2-targeted therapy beyond disease progression for
www.oncotarget.com

32. Krambeck AE, Thompson RH, Dong H, Lohse CM, Park
ES, Kuntz SM, Leibovich BC, Blute ML, Cheville JC,
Kwon ED. B7-H4 expression in renal cell carcinoma and
tumor vasculature: associations with cancer progression and
6165

Oncotarget

survival. Proc Natl Acad Sci USA. 2006; 103:10391–10396.
https://doi.org/10.1073/pnas.0600937103. [PubMed]

activation. Immunity. 2003; 18:863–873. https://doi.
org/10.1016/S1074-7613(03)00147-X. [PubMed]

33. Shi H, Ji M, Wu J, Zhou Q, Li X, Li Z, Zheng X, Xu B,
Zhao W, Wu C, Jiang J. Serum B7-H4 expression is a
significant prognostic indicator for patients with gastric
cancer. World J Surg Oncol. 2014; 12:188. https://doi.
org/10.1186/1477-7819-12-188. [PubMed]

44. Lee JS, Scandiuzzi L, Ray A, Wei J, Hofmeyer KA, Abadi
YM, Loke P, Lin J, Yuan J, Serreze DV, Allison JP, Zang X.
B7x in the periphery abrogates pancreas-specific damage
mediated by self-reactive CD8 T cells. J Immunol. 2012;
189:4165–4174. https://doi.org/10.4049/jimmunol.1201241.
[PubMed]
45. Rehman JA, Han G, Carvajal-Hausdorf DE, Wasserman
BE, Pelekanou V, Mani NL, McLaughlin J, Schalper KA,
Rimm DL. Quantitative and pathologist-read comparison of
the heterogeneity of programmed death-ligand 1 (PD-L1)
expression in non-small cell lung cancer. Mod Pathol. 2017;
30:340–349. https://doi.org/10.1038/modpathol.2016.186.
[PubMed]
46. Yi KH, Chen L. Fine tuning the immune response through
B7-H3 and B7-H4. Immunol Rev. 2009; 229:145–151.
https://doi.org/10.1111/j.1600-065X.2009.00768.x.
[PubMed]
47. Picarda E, Ohaegbulam KC, Zang X. Molecular
Pathways: Targeting B7-H3 (CD276) for Human Cancer
Immunotherapy. Clin Cancer Res. 2016; 22:3425–3431.
https://doi.org/10.1158/1078-0432.CCR-15-2428.
[PubMed]
48. Hofmeyer KA, Ray A, Zang X. The contrasting role of
B7-H3. Proc Natl Acad Sci USA. 2008; 105:10277–10278.
https://doi.org/10.1073/pnas.0805458105. [PubMed]
49. Sun M, Richards S, Prasad DVR, Mai XM, Rudensky A,
Dong C. Characterization of mouse and human B7-H3
genes. J Immunol. 2002; 168:6294–6297. https://doi.
org/10.4049/jimmunol.168.12.6294. [PubMed]
50. Chapoval AI, Ni J, Lau JS, Wilcox RA, Flies DB, Liu D,
Dong H, Sica GL, Zhu G, Tamada K, Chen L. B7-H3: a
costimulatory molecule for T cell activation and IFNgamma production. Nat Immunol. 2001; 2:269–274. https://
doi.org/10.1038/85339. [PubMed]
51. Leitner J, Klauser C, Pickl WF, Stöckl J, Majdic O,
Bardet AF, Kreil DP, Dong C, Yamazaki T, Zlabinger
G, Pfistershammer K, Steinberger P. B7-H3 is a potent
inhibitor of human T-cell activation: No evidence for B7-H3
and TREML2 interaction. Eur J Immunol. 2009; 39:1754–
1764. https://doi.org/10.1002/eji.200839028. [PubMed]
52. Chen YW, Tekle C, Fodstad O. The immunoregulatory
protein human B7H3 is a tumor-associated antigen
that regulates tumor cell migration and invasion. Curr
Cancer Drug Targets. 2008; 8:404–413. https://doi.
org/10.2174/156800908785133141. [PubMed]
53. Xie C, Liu D, Chen Q, Yang C, Wang B, Wu H. Soluble
B7-H3 promotes the invasion and metastasis of pancreatic
carcinoma cells through the TLR4/NF-κB pathway. Sci
Rep. 2016; 6:27528. https://doi.org/10.1038/srep27528.
[PubMed]
54. Liu Z, Zhang W, Phillips JB, Arora R, McClellan S, Li
J, Kim JH, Sobol RW, Tan M. Immunoregulatory protein
B7-H3 regulates cancer stem cell enrichment and drug

34. Zhang C, Li Y, Wang Y. Diagnostic value of serum B7-H4
for hepatocellular carcinoma. J Surg Res. 2015; 197:301–
306. https://doi.org/10.1016/j.jss.2015.04.034. [PubMed]
35. Maskey N, Li K, Hu M, Xu Z, Peng C, Yu F, Cao H, Chen
J, Li Y, Yang G. Impact of neoadjuvant chemotherapy on
lymphocytes and co-inhibitory B7-H4 molecule in gastric
cancer: low B7-H4 expression associates with favorable
prognosis. Tumour Biol. 2014; 35:11837–11843. https://
doi.org/10.1007/s13277-014-2410-2. [PubMed]
36. Liu WH, Chen YY, Zhu SX, Li YN, Xu YP, Wu XJ, Guo
YH, Wang JL. B7-H4 expression in bladder urothelial
carcinoma and immune escape mechanisms. Oncol Lett.
2014; 8:2527–2534. https://doi.org/10.3892/ol.2014.2522.
[PubMed]
37. Chen Y, Sun J, Zhao H, Zhu D, Zhi Q, Song S, Zhang L, He
S, Kuang Y, Zhang Z, Li D. The coexpression and clinical
significance of costimulatory molecules B7-H1, B7-H3,
and B7-H4 in human pancreatic cancer. OncoTargets Ther.
2014; 7:1465–1472. https://doi.org/10.2147/OTT.S66809.
[PubMed]
38. Zhu J, Chu BF, Yang YP, Zhang SL, Zhuang M, Lu WJ,
Liu YB. B7-H4 expression is associated with cancer
progression and predicts patient survival in human thyroid
cancer. Asian Pac J Cancer Prev. 2013; 14:3011–3015.
https://doi.org/10.7314/APJCP.2013.14.5.3011. [PubMed]
39. Tringler B, Liu W, Corral L, Torkko KC, Enomoto T,
Davidson S, Lucia MS, Heinz DE, Papkoff J, Shroyer
KR. B7-H4 overexpression in ovarian tumors. Gynecol
Oncol. 2006; 100:44–52. https://doi.org/10.1016/j.
ygyno.2005.08.060. [PubMed]
40. Kryczek I, Wei S, Zhu G, Myers L, Mottram P, Cheng P,
Chen L, Coukos G, Zou W. Relationship between B7-H4,
regulatory T cells, and patient outcome in human ovarian
carcinoma. Cancer Res. 2007; 67:8900–8905. https://doi.
org/10.1158/0008-5472.CAN-07-1866. [PubMed]
41. Quandt D, Fiedler E, Boettcher D, Marsch WCH, Seliger
B. B7-h4 expression in human melanoma: its association
with patients’ survival and antitumor immune response.
Clin Cancer Res. 2011; 17:3100–3111. https://doi.
org/10.1158/1078-0432.CCR-10-2268. [PubMed]
42. Sica GL, Choi IH, Zhu G, Tamada K, Wang SD, Tamura
H, Chapoval AI, Flies DB, Bajorath J, Chen L. B7-H4,
a molecule of the B7 family, negatively regulates T cell
immunity. Immunity. 2003; 18:849–861. https://doi.
org/10.1016/S1074-7613(03)00152-3. [PubMed]
43. Prasad DVR, Richards S, Mai XM, Dong C. B7S1, a
novel B7 family member that negatively regulates T cell
www.oncotarget.com

6166

Oncotarget

resistance through MVP-mediated MEK activation.
Oncogene. 2019; 38:88–102. https://doi.org/10.1038/
s41388-018-0407-9. [PubMed]

Commun. 2017; 8:1136. https://doi.org/10.1038/s41467017-01062-w. [PubMed]
62. Gettinger S, Choi J, Hastings K, Truini A, Datar I, Sowell
R, Wurtz A, Dong W, Cai G, Melnick MA, Du VY,
Schlessinger J, Goldberg SB, et al. Impaired HLA Class
I Antigen Processing and Presentation as a Mechanism of
Acquired Resistance to Immune Checkpoint Inhibitors in
Lung Cancer. Cancer Discov. 2017; 7:1420–1435. https://
doi.org/10.1158/2159-8290.CD-17-0593. [PubMed]

55. Karpathiou G, Chauleur C, Hathroubi S, Habougit C, Peoc'h
M. Expression of CD3, PD-L1 and CTLA-4 in mammary
and extra-mammary Paget disease. Cancer Immunol
Immunother. 2018; 67:1297–1303. https://doi.org/10.1007/
s00262-018-2189-x. [PubMed]
56. Mauzo SH, Tetzlaff MT, Milton DR, Siroy AE, Nagarajan
P, Torres-Cabala CA, Ivan D, Curry JL, Hudgens CW,
Wargo JA, Sahin AA, Pettaway CA, Prieto VG, et al.
Expression of PD-1 and PD-L1 in Extramammary Paget
Disease: Implications for Immune-Targeted Therapy.
Cancers (Basel). 2019; 11:754. https://doi.org/10.3390/
cancers11060754. [PubMed]

63. Nowak MA, Guerriere-Kovach P, Pathan A, Campbell
TE, Deppisch LM. Perianal Paget’s disease: distinguishing
primary and secondary lesions using immunohistochemical
studies including gross cystic disease fluid protein-15 and
cytokeratin 20 expression. Arch Pathol Lab Med. 1998;
122:1077–1081. [PubMed]

57. Salmaninejad A, Zamani MR, Pourvahedi M, Golchehre
Z, Hosseini Bereshneh A, Rezaei N. Cancer/Testis
Antigens: Expression, Regulation, Tumor Invasion, and
Use in Immunotherapy of Cancers. Immunol Invest. 2016;
45:619–640. https://doi.org/10.1080/08820139.2016.11972
41. [PubMed]

64. Shu B, Shen XX, Chen P, Fang XZ, Guo YL, Kong
YY. Primary invasive extramammary Paget disease on
penoscrotum: a clinicopathological analysis of 41 cases.
Hum Pathol. 2016; 47:70–77. https://doi.org/10.1016/j.
humpath.2015.09.005. [PubMed]

58. Caballero OL, Chen YT. Cancer/testis (CT) antigens:
potential targets for immunotherapy. Cancer Sci.
2009; 100:2014–2021. https://doi.org/10.1111/j.13497006.2009.01303.x. [PubMed]

65. Perrotto J, Abbott JJ, Ceilley RI, Ahmed I. The role
of immunohistochemistry in discriminating primary
from secondary extramammary Paget disease. Am J
Dermatopathol. 2010; 32:137–143. https://doi.org/10.1097/
DAD.0b013e3181b71481. [PubMed]

59. Thomas R, Al-Khadairi G, Roelands J, Hendrickx
W, Dermime S, Bedognetti D, Decock J. NY-ESO-1
Based Immunotherapy of Cancer: Current Perspectives.
Front Immunol. 2018; 9:947. https://doi.org/10.3389/
fimmu.2018.00947. [PubMed]

66. Liegl B, Leibl S, Gogg-Kamerer M, Tessaro B, Horn LC,
Moinfar F. Mammary and extramammary Paget’s disease:
an immunohistochemical study of 83 cases. Histopathology.
2007;
50:439–447.
https://doi.org/10.1111/j.13652559.2007.02633.x. [PubMed]

60. Rimoldi D, Salvi S, Schultz-Thater E, Spagnoli GC, Cerottini
JC. Anti-MAGE-3 antibody 57B and anti-MAGE-1 antibody
6C1 can be used to study different proteins of the MAGE-A
family. Int J Cancer. 2000; 86:749–751. https://doi.
org/10.1002/(SICI)1097-0215(20000601)86:5<749::AIDIJC24>3.0.CO;2-O. [PubMed]

67. Ohnishi T, Watanabe S. The use of cytokeratins 7 and 20
in the diagnosis of primary and secondary extramammary
Paget’s disease. Br J Dermatol. 2000; 142:243–247. https://
doi.org/10.1046/j.1365-2133.2000.03291.x. [PubMed]
68. Altan M, Pelekanou V, Schalper KA, Toki M, Gaule P,
Syrigos K, Herbst RS, Rimm DL. B7-H3 Expression
in NSCLC and Its Association with B7-H4, PD-L1 and
Tumor-Infiltrating Lymphocytes. Clin Cancer Res. 2017;
23:5202–5209. https://doi.org/10.1158/1078-0432.CCR16-3107. [PubMed]

61. Sade-Feldman M, Jiao YJ, Chen JH, Rooney MS, BarzilyRokni M, Eliane JP, Bjorgaard SL, Hammond MR,
Vitzthum H, Blackmon SM, Frederick DT, Hazar-Rethinam
M, Nadres BA, et al. Resistance to checkpoint blockade
therapy through inactivation of antigen presentation. Nat

www.oncotarget.com

6167

Oncotarget

