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Protumorigenic M2-like phenotype cell infiltration in the
melanotic neuroectodermal tumor of infancy 4

Luciana Strieder, DDS,* Romén Carlos, DDS," Jorge Esquiche Leén, DDS, PhD, Alfredo Ribeiro-Silva, MD, PhD,¢
Victor Costa, DDS," and Estela Kaminagakura, DDS, PhD®

Institute of Science and Technology, UNESP-Univ Estadual Paulista, Sdo José dos Campos, Brazil; University of Sdo Paulo, Ribeirdo Preto, Brazil;
and Centro Clinico de Cabeza y Cuello, Guatemala City, Guatemala.

Objective. The aim of this study is to report 2 cases of melanotic neuroectodermal tumor of infancy (MNTI), emphasizing the
analysis of intratumoral immune cells by immunohistochemistry.

Study Design. Case 1: A 6-month-old girl presented with a 3-cm tumor in the anterior region of the left maxilla. Case 2:

A 4-month-old boy presented with a 4-cm tumor in the anterior region of the left maxilla. Microscopically, case 1 had
predominantly neuroblast-like cells supported by fibrillary neuropil-like stroma arranged in an alveolar pattern, whereas case
2 exhibited scattered melanocyte-like and neuroblast-like cells supported by fibrovascular stroma. A large
immunohistochemical panel for characterizing intratumoral macrophage and dendritic cell subsets was performed.

Results. Immunohistochemical analysis indicated positivity for HLA-DR, Xllla, CD68, and CD163 (range 6%-50%) mainly on
the fibrovascular stroma, suggesting M2 macrophage-like cell phenotype. CD138 was overexpressed in the tumor stroma.
Conclusions. Results suggest the involvement of M2-polarized macrophages in the MNTI pathogenesis, which may act by
modulating tumor growth and/or tumor stromal remodeling. (Oral Surg Oral Med Oral Pathol Oral Radiol 2016;121:173-179)

Melanotic neuroectodermal tumor of infancy (MNTI) is a
rare neoplasia that often occurs in children younger than 1
year old."” The anterior maxilla is affected in about 60%
of cases,” but there are also reports about other parts of the
body.*

Microscopically, MNTI is characterized by being
biphasic, containing epithelioid cells (melanocyte-like),'
broad and polygonal with variable deposits of melanin.”*
The other component is composed of small, round blue
cells (neuroblast-like) located in the center of the nests.' In
addition, neurofibrillary material resembling glial tissue
and variable deposition of connective tissue stroma can
be visualized.””

Although most studies evaluate the immunohisto-
chemical (IHC) profile of MNTI tumor cells, there are no
data assessing stromal cells and/or intratumoral immune
cells in MNTIL. Thus, by IHC analysis, the larger cells
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express cytokeratins (CKs), epithelial membrane antigen
(EMA), glial fibrillary acidic protein (GFAP), S100
protein, and HMB45, and the smaller cells express CD56
and synaptophysin; both cells express neuron-specific
enolase (NSE), PGP 9.5, and chromogranin A

Several studies have found that the tumor microenvi-
ronment plays an important role in neoplasm development
and behavior.” The tumor microenvironment consists of
stromal cells, blood vessels, and immune cell infiltrates.
Intratumoral immune cells may play a dual role in tumor
development and progression. Thus, infiltrating immune
cells can either eliminate tumor cells or recruit other
immune cells to favor tumor growth and progression.”
Within this group of intratumoral immune cells,
macrophages and dendritic cells (DCs) play a pivotal role
that is known to affect progression in many human
malignancies. Infiltration by mature, active DCs and/or
M1-polarized macrophages elicits immune activation and
recruitment of immune effector cells, whereas infiltration
by immature DCs and/or M2-polarized macrophages im-
parts immune-suppressive properties or a protumorigenic
profile.”

Statement of Clinical Relevance

This is the first report that emphasizes the impor-
tance of the interaction of tumor cells and microen-
vironment in the pathogenesis of melanotic
neuroectodermal tumor of infancy. Understanding
the biological mechanisms of tumor development
can support therapeutic decision-making in pediatric
patients.
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Fig. 1. Case 1. (A) Initial clinical appearance showing a destructive mass of the anterior region of the maxilla. (B) Well-defined
hypodense area with cortical disruption was observed on computed tomographic scanning.

In the present study we have analyzed, characterizing
macrophage and DC subsets by IHC, the immune cell
infiltration in 2 MNTI cases and discuss its role in the
pathogenesis of this type of tumor.

CASE REPORTS

Case 1

A 6-month-old girl was referred to the Cabeza y Cuello
Clinical Diagnosis Service of Guatemala City with a 3-cm
brown-grayish osteolytic lesion in the anterior region of the
left maxilla, causing facial asymmetry and disruption of
cortical bone, with 5 months of evolution. During the inter-
view, the mother reported difficulties in breastfeeding.
Computed tomography was performed and revealed a hypo-
dense mass located in the anterior maxilla of 3.5 cm, with
disruption of the vestibular cortical bone (Figure 1A, B). With
a clinical diagnosis of MNTI, the patient underwent
in-hospital surgical excision. Microscopically, neoplastic
proliferation was observed containing groups of primitive
neuroectodermal cells, intensely hyperchromatic, delimited by
septa of moderately vascular fibrocollagenous tissue.
Neuroblast-like cells supported by glial-like tissue in associ-
ation with sparse melanocyte-like cells were observed. Some
of the melanocyte-like cells contained abundant melanin
pigment. The definitive diagnosis of MNTI was established
(Figure 2A, B). The patient has shown no signs of disease
recurrence in 72 months of follow-up.

Case 2

A 4-month-old boy was referred to the Cabeza y Cuello
Clinical Diagnosis Service of Guatemala City with an
osteolytic lesion in the anterior region of the left maxilla of
4-cm in diameter, with facial asymmetry, disruption of
cortical bone, and 4 months of evolution (Figure 3). The
mother reported difficulties in breastfeeding. With a
clinical diagnosis of MNTI, the patient underwent in-
hospital surgical excision. Microscopic examination found
a biphasic population, made up of nests of hyperchromatic
cells, supported by a large and dense fibrocollagenous

stroma. The cell nests were composed of cuboidal cells of
epithelioid aspect, as well as of small cells. These epithe-
lioid cells (melanocyte-like cells) exhibited vesicular nuclei
and cytoplasm with melanin granules. The second cell type
of the nests consisted of neuroblast-like cells, with small,
round, and hyperchromatic nuclei, surrounded by scant
cytoplasm. Mitotic activity was not observed. The definitive
diagnosis of MNTI was established (Figure 4A, B). The
patient has shown no signs of disease recurrence in 5
years of follow-up.

Immunohistochemical reaction

All tissue specimens were fixed in 10% neutral-buffered
formalin for 24 hours at room temperature, embedded in
paraffin at 55°C, and cut into consecutive parallel 3-{tm thick
sections. For immunohistochemistry, the slides were hydrated
and treated with hydrogen peroxide.

For retrieval of the CD56, CD57, S100, XIIla, CDla,
CD207, CD138, CD68, CD163, HLA-DR, CDl11c, CD209,
CD123, CD303, CD80, CD83, and Ki-67 epitopes (Table I),
the tissue specimens were pretreated with 10 mM sodium
citrate buffer, pH 6.0, in a pressure cooker. The sections
were then successively incubated with the primary
antibodies. Next, the sections were incubated with the
secondary antibodies conjugated with streptavidin-biotin-
peroxidase (K0690; Universal Dako LSAB®+ Kit, Peroxi-
dase, Dako, Carpinteria, CA, USA). The reactions were
developed with diaminobenzidine and the sections were
counterstained with Carazzi’s hematoxylin. In case of doubts,
the hematoxylin-eosin slide was used for comparison; the
melanin pigmentation was restricted to melanocyte-like cells.
A red chromogen was used if doubts persisted in the immu-
nostaining analysis. Moreover, these cells are well charac-
terized by immunohistochemistry.” The percentage of positive
cells was calculated® with the aid of an image computer
analyzer (Dako Automated Cellular Imaging System; Dako,
Carpinteria, CA, USA) in a blinded analysis performed
independently by the authors (J.E.LL. and L.S.). It was
classified as negative (0%-5% of positivity), + (6%-50%)
or ++ (>50%).
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Fig. 2. Case 1. (A) Photomicrographs showing glial-like cells (arrow) and connective tissue septa (arrowhead). (B) Proliferation of
neuroblast-like cells (arrow) and focal area containing pigmented melanocyte-like cells (arrowhead). (C) S100 protein was positive
on melanocyte-like cells, dendritic-like cells, and glial-like tissue, whereas (D) CD138 highlighted the stroma cells and (E) glial-
like tissue and neuroblast-like cells were strongly positive for CD56 and (F) weakly positive for CD57. Consecutive tissue sections
showed immunoexpression for (G) CD68, (H) CD163, (I) HLA-DR, and (J) XIlla. (A and B, hematoxylin-eosin stain; C-J,
immunohistochemistry.) A high-resolution version of this slides for use with the Virtual Microscope is available as eSlide: CDI1c
VMO01106; CD138 VM01108; CD163 VMO01111; CD56 VM01109; CD57 VM01107, CD68 VMO01110; H&E VM01112; HLA-DR
VMO01115; Ki67 VMO01118; S100 VM01119; XIlla VM01113.
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Fig. 3. Case 2: Intraoral view with enlargement of the anterior
maxilla region.

Immunohistochemical findings

The tumor cells and glial-like tissue were positive for CD56 and
CD57, the former presenting strong staining. The melanocyte-
like cells were S100 positive in both cases, whereas only case
1 exhibited isolated S100-positive dendritic-like cells on the
glial-like tissue.

Dendritic-like cells positive for HLA-DR, XIIla, CD68, and
CD163 (6%-50%) were observed in the fibrous septa and glial-
like tissue of case 1 and in the tumor stroma of case 2. These
dendritic-like cells in the glial-like tissue and in tumor stroma
appeared to be microglia-like cells and macrophage-like cells,
respectively.

Interestingly, we observed positivity for CD138 in the tumor
stroma in both cases, being slightly more intense in case 1
(Table I). Immunomarkers for DC subtypes, such as
Langerhans-like cells (CDla and CD207), myeloid DCs
(myDCs) (CD11c), mature DCs (CD80 and CD83), submucosal
DCs (CD209), as well as plasmacytoid DCs (pDCs) (CD123
and CD303), were all negative (Table I; Figures 2 and 4C-J). In
contrast to case 2 (proliferative index, 1%), case 1, which had
large areas containing tumor cells and scarce tumor stroma,
exhibited a higher proliferative index (10%).

DISCUSSION

MNTTI presents itself with 2 populations of cells; 1
contains sheets of large epithelioid cells," with clear and
abundant cytoplasm with intracellular granular melanin
pigmentation’; the other consisting of small round
cells with hyperchromatic nuclei and scant
cytoplasm.” These neuroblast-like cells are considered
the aggressive component of the lesion." In this study,
case 1 had a higher expression of Ki-67 in the
neuroblast-like cells and CD138 in the stromal cells
compared with case 2. CD138 expression by stromal
fibroblasts may be associated with proliferation of
neoplastic cells through activation of the signaling
pathway via fibroblast growth factor 2 (FGF2) and
stromal cell—derived growth factor-1 (SDF1).” Thus,
the concept of tumor—stromal cell interactions may be
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considered in these 2 MNTI cases. Indeed, it has
been found that CD138 modulates the adherence of
malignant neoplastic cells to the extracellular matrix,
preventing motility, cell invasion, and consequently
metastasis in the malignant neoplasms.'”"’

On the other hand, it has been found that the inter-
action between tumor cells and immune cells is much
more dynamic and complex than been previously
thought. The tumor microenvironment plays an impor-
tant role in the development and behavior of neo-
plasms.'” Several studies emphasizing immune cell to
tumor cell interactions have reported that infiltrating
immune cells are composed primarily of TCD4+ and
TCD8+ cells, regulatory T cells (Tregs), DCs, and
macrophages.” Immune cells have an inherent plasticity
when responding to suppressive or stimulatory
cytokines.'” Depending on the tumor stage, immune
cells may display different properties, either a pro- or
an antitumoral profile, highlighting the importance of
studying the antitumor response in the course of the
tumor development.'*'” In the initial phase of carcino-
genesis, immune cells play an antitumor role, having the
ability to destroy tumoral cells; however, they may also
undergo phenotypic changes and favor growth and tu-
mor progression.’

M1-polarized macrophages play an important role in
the T-helper (Th) 1 response and are effective in the
response to tumor cells.'”” In the initial phase of
tumorigenesis, Ly-6 CM€" monocytes/DCs exhibit strong
antitumor properties, in part through a reactive oxygen
species  (ROS)—dependent mechanism.'”  Several
chemical mediators, particularly interleukin (IL)-10,
favor the conversion of M1 macrophages (with
antitumor properties) to the protumoral M2 phenotype,
because it inhibits monocyte/DC recruitment and/or
differentiation.'™'>'® Macrophages associated to tumors
express Ly6 a and CD81, which play a role in the inter-
action of antigen-presenting cells (APCs) with T cells, and
in the maintenance of the Th2 phenotype. Therefore,
these molecules may contribute to changes in the
adaptive immune response at the tumor site in a Th2
direction.'” In this study, it was shown, that MNTI can
exhibit a population of intratumoral immune cells.
Indeed, it was observed that cells usually exhibiting a
dendritic morphology and located in the glial-like tis-
sue and tumor stroma are positive for HLA-DR, XIlla,
CD68 and CD163, suggesting the presence of M2-
polarized macrophages-like cells. Because of its pro-
tumor phenotype, it is suggested that these cells
contribute to the survival of tumor cells and the pro-
gression of MNTI, as reported by several authors.'”'
Tumor cells produce various molecules that interact
with the neighboring cells, modulating their functions to
the tumor cells’ advantage.'® An example of this is
when tumor cells from breast and skin overexpress a2
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Fig. 4. Case 2. (A) Focal proliferation of pigmented melanocyte-like cells (arrow) and fibrous stroma (arrowhead). (B) In detail,
pigmented melanocyte-like cells (arrowhead) and neuroblast-like cells (arrow). (C) S100 protein was positive on melanocyte-like
cells, and (D) CD138 was positive on stroma cells. (E) CD56 was strongly positive on melanocyte-like and neuroblast-like cells,
whereas (F) CD57 was weakly positive. Consecutive tissue sections showed for (G) CD68, (H) CD163, (I) HLA-DR, and (J)
XIITa. (A and B, hematoxylin-eosin stain; C-J, immunohistochemistry.) A high-resolution version of this slides for use with the
Virtual Microscope is available as eSlide: CD11c VM01120; CD138 VMO01130; CD163 VMO01138; CD56 VMO01129, CD57
VMO01122; CD68 VMO01126; H&E VMO01142; HLA-DR VMO01144; Ki67 VMO01140; S100 VM01123; XIlla VMO01146.
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Table I. List of primary antibodies and results for both cases

Case 1 Case 2
Antibody M N G S M N N Dilutions Clone Supplier
CD56 ++ ++ ++ - + ++ - 1:100 CD564 Leica Biosystems”
CD57 + ++ +4+ - + + - 1:500 TBO1 DakoCytomation'
S100 + - + - + - - 1:300 Polyclonal Leica Biosystems
XllIa - - + + - - + 1:100 E980.1 Leica Biosystems
CDla - - - - - - - 1:400 010 DakoCytomation'
CD207 - — - — - - - 1:200 12 D6 Monosan'
CDI138 - - - ++ - - + 1:500 MI15 DakoCytomation'
CD68 - - + + - + 1:3000 KP1 DakoCytomation;
CD163 — - + + - — + 1:500 10 D6 Leica Biosystems”
HLA-DR - - ++ ++ - - ++ 1:500 TAL.1 B5 DakoCytomation'
CDl1c - - - - - - - 1:500 5DI11 Leica Biosystems
CD209 — - — - — — - 1:2000 Polyclonal Abcam’
CD123 - - - - - - - 1:200 BR4 MS Leica Biosystems
CD303 - - - - - - - 1:500 124 B3.13 Dendritics
CD80 - - - - - - - 1:100 Polyclonal Abcam®
CD83 — — - — — - — 1:100 1H4b Leica Biosystems
Ki-67 >10% >1% 1:500 MIB-1 DakoCytomation

M, melanocyte-like cells; N, neuroblast-like cells; G, glial-like cells; S, stroma.

— (0%-5% of positivity), + (6%-50%), or ++ (>50%).
*Newcastle, UK.

Glostrup, Denmark.

i[Uden, Netherlands.

$Cambridge, UK.

isoform of the “a” subunit of V-ATPase (a2V) on their
surface to modulate the phenotypic conversion of
resident macrophages (a2M®) mainly into the M2-
polarized type, through the action of N-terminal
domain of a2 V (a2NTD). These macrophages produce
multiple factors, such as mannose receptor 1, arginase 1,
IL-10, and transforming growth factor 8, matrix met-
alloproteinase 9, and vascular endothelial growth fac-
tor, that contribute to angiogenesis, invasion, survival,
and progression of the tumor. In addition, a2 M®
cocultured with naive T cells inhibited T-cell
activation.'®

Macrophages and DCs represent variations of matu-
ration/activation stages of mononuclear phagocytes. DCs
are potent APCs with the ability to prime naive T cells,
and play an important role in the initiation and regulation
of immune responses.'*'”*” The DC lineage is not well
characterized in human neoplasms7; however, 2 main
populations of DCs, pDCs and myDCs, have been
recognized.””' Patients carrying mutations in IRF8*
and GATA2” lack all blood DC subsets, which
suggests a common origin.” However, patients
affected with a mutation in GATA2 had a normal
number of epidermal Langerhans cells, indicating a
distinct origin from pDCs and myDCs.” Human DC
phenotypes show a functional specialization regarding
pathogen recognition, cytokine secretion, CD8+
cytotoxic, and CD4+ T cell responses’ and tumor
neovascularization.'” This characterizes the plasticity of
these cells. Tumor-infiltrating DCs (TIDCs) have a

controversial role on the prognosis of different types of
cancers.” In melanoma, TIDCs are correlated to
regression,24 whereas in a murine model of ovarian
cancer, depleting DCs early in the course of the
disease accelerates tumor progression. However, in
a more advanced stage, they suppress tumor
progression.'* Tumoral stroma provides chemokines,
blood supply, and extracellular matrix and removes
waste and dead cells. This dynamic process can have
a negative effect on DC development and function.'’
The immature TIDCs are found within the tumor,
whereas the mature TIDCs are localized in the
peritumoral area.”” The STAT family are responsible
for DC maturation.'” In the present study, numerous
cells with dendritic-appearing morphology were
observed, almost all negative for CD80 and CD&3.
These findings lead to consider an immature TIDC
phenotype. However, the comprehensive analysis of
the used immunomarkers suggests that the intra-
tumoral immune cells identified in these 2 MNTI cases
belong to a continuous morphologic and functional
spectrum between DCs and macrophages. Both MNTIs
have nearly similar proportions of M2-like phenotype
cells; thus, it is suggested that they participate in
tumorigenesis. Other studies are needed to validate our
findings and determine, if possible, the prognostic and/
or therapeutic implications.

Luciana Strieder (Decision 028/2014) and Victor Costa
(Decision 070/2014) are recipient of a master’s fellowship
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