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The diagnosis of malignant peripheral nerve sheath tumor remains challenging, especially in the sporadic
setting. Malignant peripheral nerve sheath tumor is a rare malignancy, and owing to the lack of specific
histological criteria, immunohistochemical and molecular diagnostic markers, several differential diagnoses
must be considered, in particular melanoma. Recently, inactivation of the polycomb repressive complex 2
(PRC2), induced by inactivating mutations in two of its critical constituents SUZ12 and EED, was reported in a
large subset of malignant peripheral nerve sheath tumors. Homozygous PRC2 inactivation induces complete
loss of trimethylation at lysine 27 of histone 3 (H3K27me3). Recent studies suggest that complete loss of
H3K27me3 is highly specific for malignant peripheral nerve sheath tumor and may be a useful immunohisto-
chemical diagnostic marker. Therefore, to determine the specificity of the complete loss of H3K27me3
expression in the context of the differential diagnosis of malignant peripheral nerve sheath tumor from
melanoma (its major potential mimic), we performed H3K27me3 immunohistochemistry in a pathologically and
genetically well-characterized cohort of primary (neurofibromatosis type 1 (NF1), radiation-associated and
sporadic context) malignant peripheral nerve sheath tumors (n= 122) and in a cohort or primary (desmoplastic)
and metastatic melanomas (n= 265). In total, 88 (72%) malignant peripheral nerve sheath tumors, including 46
(71%) NF1-associated, 4 (100%) radiation-associated, and 38 (72%) sporadic tumors, showed complete loss of
H3K27me3. We observed increased loss of H3K27me3 with increasing histological grade. Interestingly, we found
complete loss of H3K27me3 in 37% (n= 98) of all melanomas, including 25% (n= 9) of primary desmoplastic
melanomas. Moreover, partial loss ('mosaic' pattern) was observed in 23 (19%) of all malignant peripheral nerve
sheath tumors and in 136 (51%) of all melanomas. Complete loss of H3K27me3 detected by immunohistochem-
istry is not specific for malignant peripheral nerve sheath tumor and cannot be used safely when distinguishing
malignant peripheral nerve sheath tumor from melanoma.
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Malignant peripheral nerve sheath tumors, which
account for ~5% of soft tissue sarcomas,1 are spindle
cell sarcomas that are rare, aggressive, and locally
invasive with poor prognosis. Up to 50% of malignant
peripheral nerve sheath tumors arise in patients with
neurofibromatosis type 1 (NF1), fewer than 10% of
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malignant peripheral nerve sheath tumors are radia-
tion associated, and the remainder are without a
known genetic predisposition ('sporadic' form).2
Establishing the correct diagnosis of malignant per-
ipheral nerve sheath tumor remains a challenge not
only due to morphological and immunohistochemical
complexity (particularly outside the NF1 context) but
also because a number of other sarcomas, benign soft
tissue tumors, and non-epithelial tumors (especially
melanoma) can appear similar to malignant peri-
pheral nerve sheath tumors. Recently, studies have
identified loss of trimethylation at lysine 27 of histone
H3 (H3K27me3) in a subset of malignant peripheral
nerve sheath tumors reflecting inactivation of the
polycomb repressive complex 2 (PRC2), resulting
from inactivating mutations of its constituents
SUZ12 or EED.3–5 Mutations in EED or SUZ12 were
mutually exclusive and identified in 23–70% of NF1-
associated, 90% of radiation-associated, and 36–92%
of sporadic malignant peripheral nerve sheath
tumors.4,5 Therefore, recent studies suggest that loss
of H3K27me3 detected by immunohistochemistry
may be helpful in the distinction of malignant
peripheral nerve sheath tumors from other malignant
spindle cell neoplasms.6–8 However, it is unclear
whether H3K27me3 loss is specific for malignant
peripheral nerve sheath tumor, as loss of this protein
has also been reported recently in some other
sarcomas, especially synovial sarcoma and dermato-
fibrosarcoma protuberans, and in other malignant
spindle cell tumors (rare subset of spindle cell
melanoma).9,10

In the current study, we evaluated the potential
role of H3K27me3 immunohistochemical expression
in daily routine practice to distinguish malignant
peripheral nerve sheath tumor from its main mor-
phological mimicker, namely melanoma. H3K27me3
immunohistochemistry was performed in a large
series of 122 primary malignant peripheral nerve
sheath tumors and 265 melanomas of different
variants and stages.

Materials and methods

Malignant Peripheral Nerve Sheath Tumor Patients
and Sample Selection

Our cohort consisted of a total of 122 samples from
122 malignant peripheral nerve sheath tumor
patients. All samples originated from primary malig-
nant peripheral nerve sheath tumors. Eighty-nine
patients were previously included in the study by Le
Guellec et al.11 As described in that study, the
diagnosis of malignant peripheral nerve sheath
tumor is difficult and has historically suffered from
a lack of entirely specific histological criteria. It is
therefore likely that a variety of non-nerve sheath
tumors have been placed incorrectly in this category
over the years. To obtain a homogeneous, robust and
relevant cohort of definitive primary malignant

peripheral nerve sheath tumors, we systematically
performed a histologic review, immunohistochemis-
try, and molecular analysis, if relevant. The precise
strategy is described in the 'Materials and methods'
of that study.11 Thirty-three additional patients
with primary malignant peripheral nerve sheath
tumor were included between 1 January 2014 and
15 September 2016 with the same diagnostic
strategy.11 Patients were treated at 11 participat-
ing cancer centers and entered either into the
Conticabase (European retrospective clinicopatholo-
gic database on sarcomas, https://conticabase.sarco
mabcb.org) or the NetSarc (National prospective
database, https://netsarc.sarcomabcb.org). Ethics
approval from the appropriate committees was
obtained.

For the purpose of this study, we classified
sporadic malignant peripheral nerve sheath tumor
cases as 'certain' when the diagnosis of malignant
peripheral nerve sheath tumor was certain (tumor
originating in a peripheral nerve or in a pre-existing
nerve sheath tumor, usually a neurofibroma) or
focal S100 protein/SOX10 positivity in the absence
of other markers and absence of specific simple
genomic alteration), or as 'probable' when histo-
logic features was typical but supportive immuno-
histochemical and clinical data were lacking (not
originating from a nerve or benign nerve sheath
tumor, absence of S100 protein/SOX10 expression,
absence of other immunohistochemical markers, and
absence of specific simple genomic alteration). Data
regarding patients’ characteristics and tumor
description were obtained by a retrospective review
of the medical records. These records and histologic
data were entered into a centralized database
(https://conticabase.sarcomabcb.org). The following
variables were compared among the three cohorts
(NF1-associated, radiation-associated, and sporadic
malignant peripheral nerve sheath tumor): NF1
status, age at diagnosis, gender, tumor location,
tumor size, depth location, histologic subtype, and
tumor grade (FNCLCC). Epithelioid malignant per-
ipheral nerve sheath tumors were excluded from
this study.

Five tissue microarrays were constructed with a
1.5-mm diameter tissue core from each formalin-
fixed paraffin-embedded tumor tissue sample of the
122 malignant peripheral nerve sheath tumors using
a semiautomatic tissue arrayer (Alphelys, Plaisir,
France). At least three cores from each tumor were
sampled to outweigh intratumoral heterogeneity.
Each tissue microarrays contained additional cores
of variable tissue type (tonsil, kidney), both as
internal control for immunohistochemistry and for
the purpose of orientation.

Melanoma Sample Selection

To test the specificity of this marker, we analyzed
different variants of melanomas (desmoplastic/
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spindle cells melanoma, superficial spreading mel-
anoma (SSM) and nodular melanoma), melanomas at
different stages (primary and metastatic), and tested
tissue microarray slides, as well as whole-tissue
sections (WTS). WTS of 19 primary desmoplastic/
spindle cell melanomas, a tissue microarrays con-
taining a total of 8 primary melanomas (6 SSM and 2
nodular), and a tissue microarrays of 25 metastatic
melanomas (16 lymph node and 9 skin) from the
same number of patients were collected from the
Department of Pathology at IUCT-Oncopole
(Toulouse, France). Samples were analyzed on at
least three representative 1.5-mm cores taken from
each donor block following the selection of regions
of interest by a pathologist. WTS of nine primary
desmoplastic/spindle cell melanomas were collected
from the Department of Pathology at Curie Institut
(Paris, France). A tissue microarrays containing a
total of 204 metastatic melanomas (71 lymph nodes,
55 skin, 33 brain, 15 lung, 14 small bowel, 6 liver, 4
parotid, 2 bone, 2 nasal sinus, 1 breast, and 1 spleen)
from the same number of patients were collected
from the Department of Pathology at La Timone
Hospital (Marseille, France). Samples were analyzed
on at least four representative 0.6-mm cores taken
from each donor block following the selection of
regions of interest by a pathologist.

Immunohistochemistry

Five tissue microarrays slides of the 122 cases of
malignant peripheral nerve sheath tumor, WTS
slides of the 40 cases of malignant peripheral nerve
sheath tumor (matched with those in tissue micro-
arrays of malignant peripheral nerve sheath tumor),
WTS slides of the 28 cases of primary desmoplastic/
spindle cell melanomas, tissue microarrays slides
of the 8 cases of primary melanomas and tissue
microarrays slides of 229 cases of metastatic mela-
nomas were deparaffinized in xylene, hydrated in
alcohol, and baked in a microwave (30min in Tris-
buffer, pH 9). Endogenous peroxidase was blocked.
H3K27me3 rabbit monoclonal antibody (clone
C36B11, dilution 1:200; Cell Signaling Technology,
Danvers, MA) was used and staining was performed
on the Benchmark Ultra-automated Stainer (Ven-
tana) using diaminobenzidine as the chromogen.
Immunohistochemical expression was quantitatively
scored according to the percentage of nuclear-
positive tumor cells. The proportion of tumor cells
showing nuclear staining was semiquantitatively
recorded as 'complete loss' (o5%), 'partial loss'
(≥5 and o90%), and 'intact/retained' (≥90%). The
presence of positive internal controls (inflammatory
or endothelial cells) was strictly required to assess
the immunohistochemical signal. Samples not pre-
senting these positive internal controls were
excluded. A positive control was tested on each
run of immunohistochemical analysis.

In the 28 cases of primary desmoplastic/spindle
cell melanomas, additional antibody against SOX10
(clone EP268, dilution 1:250; Epitomics, Burlingame,
CA, USA) was used.

Statistical Analysis

Data were described as median (range) for quantita-
tive and by frequencies and percentages for qualita-
tive. Comparisons between groups were performed
using the Kruskall–Wallis test for continuous data
and the χ2 test (or Fisher's exact) for qualitative data.
All P-values reported were two-sided. For all
statistical tests, differences were considered signifi-
cant at the 5% level. Statistical analyses were
performed using the STATA 11.0 Software.

Results

Clinicopathological Characteristics of Malignant
Peripheral Nerve Sheath Tumors

Patient characteristics of 122 malignant peripheral
nerve sheath tumors are presented in Table 1. The
mean and median age at diagnosis was 44 and 41.5
years, respectively (range, 7–94 years). The average
age at diagnosis varied depending on the clinical
setting of malignant peripheral nerve sheath tumors.
Patients with NF1 syndrome were younger com-
pared with those with sporadic malignant peripheral
nerve sheath tumors (median age, 37 vs 52.5 years).
In radiation-related malignant peripheral nerve
sheath tumor patients, tumors presented at an older
age compared with NF1-associated malignant per-
ipheral nerve sheath tumors, with a mean of 41 years
(range, 20–68 years).

H3K27me3 Immunohistochemical Expression in
Malignant Peripheral Nerve Sheath Tumors

The results of the immunohistochemical analysis are
summarized in Tables 1 and 2. Seventy-two percent
(n=88) of all malignant peripheral nerve sheath
tumors demonstrated complete loss of staining
with the anti-H3K27me3 monoclonal antibody
(Figures 1b,c,2b, c and 3b, c, e, f). Whereas sporadic
and NF1-associated malignant peripheral nerve
sheath tumors showed a comparable frequency of
loss of H3K27 trimethylation (72% vs 71% respec-
tively), all radiation-associated malignant peripheral
nerve sheath tumors (n=4) exhibited loss of
H3K27me3 expression. In addition, a heterogeneous
staining pattern with a subset of tumor cells (≥ 5 and
o90%) showing loss of staining for H3K27me3
('partial loss') was observed in 12 of 65 (18%) NF1-
associated (Figures 1d and e) and in 11 of 53 (20%)
sporadic malignant peripheral nerve sheath tumors
(Figures 2d and e). Nine percent (11 out of 122) of
malignant peripheral nerve sheath tumors showed
retention of H3K27 trimethylation, as they
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demonstrated nuclear staining in ≥90% of the tumor
cells (Figures 1f, g and 2f, g). Among the sporadic
tumors, 10 of 15 (67%) 'certain' (Figures 3b and c)
and 28 of 38 (74%) 'probable' (Figures 2b and c)
malignant peripheral nerve sheath tumors showed
complete loss of H3K27 trimethylation.

When comparing immunoreactivity observed on
tissue microarrays slides with that of the WTS slides,
only 1/40 (3%) MPNST tumor was found to
demonstrate discordant (status of 'partial loss' with
20% of loss of staining on TMA and status of
'intact/retained' with 5/10% of loss of staining on
the WTS slides).

In the cohort of the 122 malignant peripheral nerve
sheath tumors, complete loss of H3K27 trimethyla-
tion was observed in 50% of low-grade, 55% of
intermediate-grade, and 80% of high-grade tumors.
Loss of H3K27 trimethylation was less frequent in
low- and intermediate-grade (20 of 37; 54%) com-
pared with high-grade (68 of 85; 80%) malignant
peripheral nerve sheath tumors (P=0.0066). More-
over, complete loss of H3K27 trimethylation was
observed in 67% of spindle and pleomorphic cell
subtype and in 95% of Triton subtype malignant
peripheral nerve sheath tumors. Loss of H3K27

trimethylation was more frequent in Triton subtype
(21 of 22; 95%) compared with spindle and
pleomorphic cell subtype (64 of 96; 67%) malignant
peripheral nerve sheath tumors (P=0.0369). Finally,
complete loss of H3K27 trimethylation was more
frequent in male patients (64 of 79; 81%) than in
female patients (24 of 43; 56%) (P=0.0001).

H3K27me3 Immunohistochemical Expression in
Melanomas

The results of the immunohistochemical analysis are
summarized in Table 2. Thirty-seven percent (98 out
of 265) of melanomas demonstrated complete loss of
H3K27 trimethylation. Among the primary tumors, 9
of 36 (25%) desmoplastic/fusiform cells (Figures 4b
and c) and 2 of 8 (25%) nodular/SSM melanomas
showed complete loss of expression of H3K27
trimethylation. Complete loss of H3K27me3 immu-
noreactivity was observed in 89 of 229 (39%)
melanoma metastases (Figure 5b). Interestingly, 136
of 265 (51%) of melanomas showed a heterogeneous
(mosaic) staining pattern with a subset of tumor cells
(≥5 and o90%) showing loss of staining for
H3K27me3 ('partial loss'). Forty-three percent (19 of

Table 1 Clinical data, tumor and pathologic characteristics, and results of H3K27 trimethylation immunohistochemistry of the different
MPNST groups

Overall population, N (%)

H3K27me3 IHC

Complete loss (%) Partial loss, N (%) Retained, N (%) P-value

MPNST (Total) 122 88 (72) 23 (19) 11 (9)
NF1 associated 65 (53) 46 (71) 12 (18) 7 (11) 0.8956
Radiation exposure 4 (3) 4 (100) 0 (0) 0 (0)
Sporadic 53 (44) 38 (72) 11(20) 4 (8)

Gender
Male 79 (65) 64 (81) 14 (18) 1(1) 0.0001
Female 43 (35) 24 (56) 9 (21) 10(23)

Tumor location
Extremities 67 (55) 48 (72) 15 (22) 4 (6) 0.2629
Trunk wall 41 (33) 30 (73) 6 (15) 5 (12)
Head/neck 12 (10) 9 (75) 1 (8) 2 (17)
Other 2(2) 1 (50) 1 (50) 0

Depth
Superficial 14 (11) 10 (71) 3 (21) 1 (7) 0.8926
Deep 108 (89) 78 (72) 20(19) 10 (9)

Histologic subtype
Spindle and pleomorphic cells 96 (79) 64 (67) 22 (23) 10(10) 0.0369
Triton 22 (18) 21 (95) 0 (0) 1 (5)
Other 4 (3) 3 (75) 1 (25) 0 (0)

Tumor grade (FNCLCC)
1 8 (7) 4 (50) 3 (38) 1 (12) 0.0196
2 29 (23) 16 (55) 10 (34) 3 (11)
3 85 (70) 68 (80) 10 (12) 7 (8)

Abbreviations: FNCLCC, Fédération Nationale des Centres de Lutte Contre le Cancer; H3K27me3, histone H3 lysine 27 trimethylation; MPNST,
malignant peripheral nerve sheath tumor; NF1, neurofibromatosis type 1; NI, not interpretable.
Bold values represent Po0.05.
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Table 2 Summary of immunohistochemical staining for H3K27me3 in 122 malignant peripheral nerve sheath tumors and in 265
melanomas (different variants and stages).

T Overall population, N (%)

H3K27me3 IHC

Complete loss, N (%) Partial loss, N (%) Retained, N (%)

MPNST (Total) 122 88 (72) 23 (19) 11 (9)
NF1 associated 65 (53) 46 (71) 12 (18) 7 (11)
Radiation exposure 4 (3) 4 (100) 0 0

Sporadic 53 (44) 38 (72) 11 (20) 4 (8)
'Certain' 15 10 (67) 5 (33) 0
'Probable' 38 28 (74) 6 (16) 4 (10)

Melanoma (Total) 265 98 (37) 136 (51) 31 (12)

Primary 36 (14) 9 (25) 19 (53) 8 (22)
Desmoplastic/fusiform cells 28 7 (25) 17 (61) 4 (14)
Other 8 2 (25) 2 (25) 4 (50)

Metastasis 229 (86) 89 (39) 117 (51) 23 (10)

Abbreviations: FNCLCC, Fédération Nationale des Centres de Lutte Contre le Cancer; H3K27me3, histone H3 lysine 27 trimethylation; MPNST,
malignant peripheral nerve sheath tumor; NF1, neurofibromatosis type 1; NI, not interpretable.

Figure 1 Neurofibromatosis type 1-associated malignant peripheral nerve sheath tumor. (a) Hematoxylin and eosin (H&E ×100). (b)
Complete loss of expression of trimethylation at lysine 27 of histone 3 (H3K27me3) on whole-tissue section. (c) Complete loss of
expression of H3K27me3 on tissue microarrays. Note the internal positive controls with vessels and inflammatory cells retaining staining.
(d) Partial loss of expression of H3K27me3 on whole-tissue section. (e) Partial loss of expression of H3K27me3 on tissue microarrays. (f)
Strong and diffuse expression of H3K27me3 on tissue microarrays. (g) Strong and diffuse expression of H3K27me3 on tissue microarrays.
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36) of primary melanomas (Figures 4d and e) and
51% (117 of 229) of melanoma metastases (Figure 5c)
exhibited partial loss of H3K27 trimethylation.
Finally, intact H3K27 trimethylation was seen in 31
of 265 (12%) melanomas, with 8 of 36 (22%) primary
desmoplastic/fusiform melanomas (Figures 4f and g)
and 23 of 229 (10%) melanoma metastases
(Figure 5d).

Discussion

The diagnosis of malignant peripheral nerve sheath
tumor is difficult and has historically suffered from a
lack of entirely specific histological criteria, ancillary
immunohistochemical and molecular diagnostic
markers, especially outside the NF1 context. Recent
studies have suggested that loss of H3K27me3 may
serve as a useful diagnostic marker in the distinction
of malignant peripheral nerve sheath tumor from
other malignant cell neoplasms (and notably

melanoma). In the current study, we first show in a
large multicenter cohort of primary malignant
peripheral nerve sheath tumors and second in a
series of primary and metastatic melanomas that
complete loss of H3K27 trimethylation is not a
reliable marker to distinguish malignant peripheral
nerve sheath tumor from melanoma. Complete loss
of expression of H3K27me3 was observed in 72% of
malignant peripheral nerve sheath tumors compared
with 37% of loss found in melanomas, including
primary desmoplastic/fusiform cell melanomas,
indicating that complete loss of H3K27me3 is not
specific for malignant peripheral nerve sheath tumor
in the differential diagnosis, especially with desmo-
plastic/fusiform cell melanomas.

Proteins of the polycomb group are transcriptional
repressors that modify chromatin and promote
cancer processing by epigenetic modifications.12,13

The PRC2 is composed of SUZ12, one EED isoform
and EZH1 or EZH2. These chromatin-modifying

Figure 2 Sporadic ('probable') malignant peripheral nerve sheath tumor. (a) Hematoxylin and eosin (H&E ×100). (b) Complete loss of
expression of trimethylation at lysine 27 of histone 3 (H3K27me3) on whole-tissue section. (c) Complete loss of expression of H3K27me3
on tissue microarrays. Note the internal positive controls with vessels and inflammatory cells retaining staining. (d) Partial loss of
expression of H3K27me3 on whole-tissue section. (e) Partial loss of expression of H3K27me3 on tissue microarrays. (f) Strong and diffuse
expression of H3K27me3 on tissue microarrays. (g) Strong and diffuse expression of H3K27me3 on tissue microarrays.
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proteins establish and maintain the dimethylation
at lysine 27 of histone H3 (H3K27me2) and
H3K27me3.4 Depending on the cellular context, the
PRC2 proteins are able to exert different functions
in human cancers. PRC2 was initially thought to be
oncogenic. EZH2 is overexpressed in a variety of
cancers (breast, lymphoma, glioblastoma, and syno-
vial sarcoma) in which this upregulation is asso-
ciated with aggressive behavior and unfavorable
outcome.14–16 However, recent work suggests that
PRC2 can act as tumor suppressor with loss of
function induced by somatic genetic alterations
(majority in EZH2 gene) found in several myeloid
disorders and acute lymphoblastic leukemias.17

Whereas EZH2 can present both oncogenic and
tumor suppressor functions, EED and SUZ12 appear
to act predominantly as tumor suppressors.3,5,12

Recently, several studies in malignant peripheral
nerve sheath tumors identified loss of function of the

PRC2, resulting from the inactivation of mutually
exclusive mutations of two of its constituents SUZ12
or EED. Mutations in EED or SUZ12 were detected in
36–92% of sporadic, 23–70% of NF1-associated, and
90% of radiotherapy-associated malignant periph-
eral nerve sheath tumors.4,5 In malignant peripheral
nerve sheath tumor, inactivation of PRC2 due to
somatic mutations in EED and SUZ12 induces loss of
H3K27me3, and promotes cell proliferation and
tumor growth.4

When considering only NF1-associated, radiation-
exposed, and sporadic malignant peripheral nerve
sheath tumors, previous studies showed complete
loss of H3K27 trimethylation in variable proportions:
29% (12/42),5 34% (55/162),10 56% (30/54),8 57%
(51/90),6 68% (17/25),9 73% (45/62),4 and 75%
(47/63).7 Epithelioid malignant peripheral nerve
sheath tumors were excluded because this rare
malignant peripheral nerve sheath tumor variant

Figure 3 Sporadic ('certain') malignant peripheral nerve sheath tumor. (a) Hematoxylin and eosin (H&E ×100). (b) Complete loss of
expression of trimethylation at lysine 27 of histone 3 (H3K27me3) on whole-tissue section. (c) Complete loss of expression of H3K27me3
on tissue microarrays. Note the internal positive controls with vessels and inflammatory cells retaining staining. (d) Radiation exposure-
malignant peripheral nerve sheath tumor (MPNST). Hematoxylin and eosin (H&E ×100). (e), Complete loss of expression of H3K27me3 on
whole-tissue section of radiation exposure-MPNST. (f) Complete loss of expression of H3K27me3 on tissue microarrays of radiation
exposure-MPNST.
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arises in a different biologic context, most of the time
accompanied by loss of INI1 (SMARCB1) expression.
Several explanations have been proposed to clarify
these differences such as different protocols (anti-
bodies, dilutions, antigen retrieval, and cutoff) and
the variable frequency of NF1-associated vs sporadic
and radiation-associated malignant peripheral nerve
sheath tumors between these cohorts. However, only
two of these studies related PRC2 functional status
with the mutational status (of SUZ12 and EED) and
immunohistochemical expression of H3K27me3.4,7
In particular, Lee et al4 reported inactivation of
PRC2 in 88% (46/52) of malignant peripheral nerve
sheath tumors because of SUZ12 (n=27) or EED
(n=19) heterozygous and homozygous inactivating
mutations.4 However, they showed that DNA
sequencing alone cannot predict PRC2 functional
status in all malignant peripheral nerve sheath
tumors and that the positive and negative immunos-
taining for H3K27me3 is highly concordant with the

PRC2 wild-type (no mutation) and the homozygous
loss of genetic status, respectively. However, the
latter was not predictive of H3K27me3 immunohis-
tochemical staining, so H3K27me3 expression may
be more accurate in this context. To have the optimal
and most realistic conditions, we applied the same
technical criteria (same antibody, same dilution, and
same cutoff) as in the study of Prieto-Granada et al.7
On the one hand, they showed a good correlation
between the H3K27me3 expression pattern (C36B11
immunostaining) and the PRC2 component geno-
type (EED and/or SUZ12) and, on the other hand,
tested a new monoclonal H3K27me3 antibody (clone
C36B11), which demonstrated a better signal-to-
noise ratio with a crisper appearance and less
background staining than that used by Lee et al,4
that is, polyclonal antibody 07-449. In the study by
Lee et al,4 biallelic inactivation of SUZ12 or EED was
identified in 69% (34/49) of malignant peripheral
nerve sheath tumors (epithelioid variant excluded),

Figure 4 (a) Primary desmoplastic/spindle cell melanoma. Hematoxylin and eosin (H&E ×100). (b) Complete loss of expression of
trimethylation at lysine 27 of histone 3 (H3K27me3) on whole-tissue section. (c) Complete loss of expression of H3K27me3 on tissue
microarrays. Note the internal positive controls with vessels and inflammatory cells retaining staining. (d) Partial loss of expression of
H3K27me3 on whole-tissue section. (e) Partial loss of expression of H3K27me3 on tissue microarrays. (f) Strong and diffuse expression of
H3K27me3 on tissue microarrays. (g) Strong and diffuse expression of H3K27me3 on tissue microarrays.
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which is in accordance with the rate of H3K27me3
complete loss (72%) observed in our study.

In malignant peripheral nerve sheath tumors, these
inactivations of PRC2 components significantly co-
occurred with somatic alterations of CDKN2A (81%
of all MPNST) and NF1 (72% of non-NF1-associated
MPNST).4 In the pathogenesis of malignant periph-
eral nerve sheath tumor, loss of PRC2 is thought to be
the additional, that is, third hit that could explain
progression of neurofibromas towards malignant
peripheral nerve sheath tumor.4,5 PRC2 inactivation
may occur at some point during progression to
higher grade malignant peripheral nerve sheath
tumor, which is in accordance with the observation
that in our study H3K27me3 expression was lost
significantly more frequently in high-grade than in

low/intermediate-grade tumors. Moreover, complete
loss of H3K27 trimethylation was significantly more
frequent in the Triton subtype compared with
spindle and pleomorphic cell subtype malignant
peripheral nerve sheath tumors, which is in accor-
dance with literature data showing that MPNSTs
demonstrating rhabdomyoblastic differentiation are
particularly aggressive and associated with poor
prognosis.11,18,19 Among the sporadic tumors, no
significant difference in complete loss of H3K27me3
was observed between 'certain' (67%) and 'probable'
(74%) malignant peripheral nerve sheath tumors.
Therefore, our cohort is homogeneous and the
diagnostic strategy used to build this cohort (sys-
tematical histologic review, immunohistochemistry,
and molecular analysis) is relevant.

Figure 5 (a) Melanoma metastasis. Hematoxylin and eosin (H&E ×100). (b) Strong and diffuse expression of trimethylation at lysine
27 of histone 3 (H3K27me3) on tissue microarrays. (c) Partial loss of expression of H3K27me3 on tissue microarrays. (d), Complete
loss of expression of H3K27me3 on tissue microarrays. Note the internal positive controls with vessels and inflammatory cells retaining
staining.
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The differential diagnosis of malignant peripheral
nerve sheath tumor from melanoma can also be very
challenging, especially as these melanoma variants,
particularly desmoplastic/spindle cell melanomas,
show no or very little expression of melanocytic
markers such as MelanA and HMB45. Although the
majority of desmoplastic/spindle cell melanomas
demonstrate S100 protein and/or Sox10 immunor-
eactivity, partial/or complete loss of expression of
these markers such as that observed in malignant
peripheral nerve sheath tumors can be found,20,21
especially in metastatic cases.22,23 Indeed, in our
series of 28 desmoplastic/spindle cell melanomas,
although 24 tumors showed a diffuse expression of
SOX10, 3 exhibited a partial expression of SOX10
and 1 showed a complete loss of SOX10 expression.
Interestingly, the desmoplastic/spindle cell mela-
noma with complete loss of SOX10 expression
showed complete loss of H3K27me3 expression; 2
of the desmoplastic/spindle cell melanomas with
partial expression of SOX10 presented a complete
loss of H3K27me3 expression and finally the
desmoplastic/spindle cell melanoma with a partial
expression of SOX10 exhibited a partial loss of
H3K27me3 expression. These data show that addi-
tional melanocyte markers (such as SOX10) are
useful when faced within this differential diagnosis
(melanoma vs malignant peripheral nerve sheath
tumor), but may be insufficient in some situations
(particularly in desmoplastic melanomas). Recently,
altered PRC2 components were also found to have a
putative role in the progression of melanoma.
Activating mutations in EZH2 were found in a subset
of melanoma that contributed to disease progression
by inactivating tumor suppressor genes.24 A recent
study demonstrated overexpression of H3K27me3,
particularly at the tumor front region, in superficial
spreading, as well as in nodular and acral
melanoma.25 However, no case of desmoplastic/
spindle cell melanomas was included in that pub-
lication and somatic mutations in EZH2 were
reported in only 3% of melanoma. Moreover, a
recent study reported a significant loss of H3K27me3
expression in four of five childhood melanomas.26
Conversely, two studies reported a retained expres-
sion of H3K27me3 in 20 cases (20/20)6 and in 53
cases (53/53)7 of spindle cell and/or desmoplastic
melanomas, with different antibodies and technical
conditions, whereas a third study reported the
complete loss of H3K27me3 in 11% (1/9) of spindle
cell melanomas10 and a fourth study reported the
partial loss of H3K27me3 in 12% (1/8) of spindle cell
melanomas.8 In our study, complete loss of expres-
sion of H3K27me3 was observed in 37% of melano-
mas, with 25% of primary desmoplastic/fusiform
cells melanomas. De Raedt et al.3 suggested that
SUZ12 inactivation potentiates the effects of NF1
mutations by amplifying RAS signaling. The co-
occurrence of genomic NF1 alterations and PRC2
complex inactivating mutations has been observed in
melanoma and glioblastoma. Thus, genomic human

tumor data (TCGA data (cBioPortal)) demonstrate
that at least one allele of NF1 and SUZ12 are
codeleted/mutated in 24% of melanomas. Moreover,
EED deletions/mutations are present in 44% of NF1-
mutant melanomas, most of which also lack one
SUZ12 allele.3 These data suggest that a number of
melanomas present an alteration of the PRC2 com-
plex, which leads to a loss of H3K27me3 expression
and could explain the complete loss of H3K27me3
immunohistochemical expression observed in our
study. Moreover, a recent study reported loss of
H3K27me3 in several sarcomas (synovial sarcoma,
fibrosarcomatous dermatofibrosarcoma protuber-
ans), which may present overlapping histological
and immunohistochemical features with MPNST.8
All these data indicate that complete loss of
H3K27me3 occurs frequently in several malignant
peripheral nerve sheath tumor mimics and cannot be
used as a specific diagnostic marker for malignant
peripheral nerve sheath tumor.

Partial loss ('mosaic' pattern) of H3K27me3 was
observed in 23 (19%) of all malignant peripheral
nerve sheath tumors and in 136 (51%) of all
melanomas, corresponding with loss of expression
in a subset of tumor cells (≥5 and o90%). The
precise explanation for this heterogeneous staining
pattern was proposed by Schaefer et al.6 for
malignant peripheral nerve sheath tumors. They
hypothesized that a subset of tumor cells with
heterozygous PRC2 subunit mutations has acquired
an additional genomic alteration that inactivates the
second allele. This loss of heterozygosity occurs
during tumor progression. On the other hand, further
studies are needed for melanoma since no data have
been published to explain this observation.

In summary, the complete loss of H3K27me3
detected by immunohistochemistry is not a robust
diagnostic marker for differentiating malignant per-
ipheral nerve sheath tumor from melanoma and
other malignant peripheral nerve sheath tumor
mimics. This suggests that PRC2 inactivation in
malignant peripheral nerve sheath tumor may occur
during progression to higher grade. Further investi-
gations are needed to determine the value of
H3K27me3 as a predictive marker for establishing
sensitivity to epigenetic-based therapies (EZH2 inhi-
bitors, BRD4 targeted therapies) in tumors such as
malignant peripheral nerve sheath tumor and
melanoma.
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