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Abstract

Malignant peripheral nerve sheath tumors (MPNSTS) are aggressive sarcomas that can show
overlapping features with benign neurofibromas as well as high-grade sarcomas. Additional
diagnostic markers are needed to aid in this often challenging differential diagnosis.

Recently mutations in two critical components of the polycomb repressor 2 (PRC2) complex,
SUZ12and EED, were reported to occur specifically in MPNSTs while such mutations are absent
in neurofibromas, both in the setting of neurofibromatosis (NF) and sporadic cases. Furthermore,
both SUZ12and EED mutations in MPNSTSs were associated with loss of H3K27 tri-methylation,
a downstream target of PRC2. Therefore we tested whether H3K27me3 immunohistochemistry is
useful as a diagnostic and prognostic marker for MPNSTS.

We performed H3K27me3 immunohistochemistry in 162 primary MPNSTS, 97 neurofibromas and
341 other tumors using tissue microarray.

We observed loss of H3K27me3 in 34% (55/162) of all MPNSTSs while expression was retained in
all neurofibromas including atypical (n=8) and plexiform subtypes (n=24). Within other tumors we
detected loss of H3K27me3 in only 7% (24/341). Surprisingly, 60% (9/15) of synovial sarcomas
and 38% (3/8) of fibrosarcomatous dermatofibrosarcoma protuberans (DFSP) showed loss of
H3K27 trimethylation. Only 1 out of 44 schwannomas showed loss of H3K27me3 and all 4
perineuriomas showed intact H3K27me3. Furthermore, MPNSTSs with loss of H3K27 tri-
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methylation showed inferior survival compared to MPNSTSs with intact H3K27 tri-methylation,
which was validated in two independent cohorts.

Our results indicate that H3K27me3 immunohistochemistry is useful as a diagnostic marker in
which loss of H3K27me3 favours MPNST above neurofibroma. However H3K27me3
immunohistochemistry is not suitable to distinguish MPNST from its morphological mimicker
synovial sarcoma or fibrosarcomatous DFSP. Since loss of H3K27 tri-methylation was related to
poorer survival in MPNST, chromatin modification mediated by this specific histone seems to
orchestrate more aggressive tumour biology.

Introduction

Malignant peripheral nerve sheath tumors most commonly arise in the extremities and
account for approximately 5-10% of soft tissue sarcomas. (1) Most malignant peripheral
nerve sheath tumors are high grade sarcomas, with a high probability of producing local
recurrence and distant metastasis. The prognosis is therefore still very poor, despite
extensive oncologic surgery, often with adjuvant radiation or chemotherapy. (2;3)

Establishing the diagnosis of malignant peripheral nerve sheath tumor can be difficult, due
to significant morphological overlap with other tumors such as cellular or atypical
neurofibroma or high-grade sarcomas like synovial sarcoma, fibrosarcomatous
dermatofibrosarcoma protuberans, myxofibrosarcoma, or undifferentiated pleomorphic or
spindle cell sarcoma. In addition to S100 protein, SOX10 and p16 as immunohistochemical
tools, no other easily applicable markers are available that are specific for malignant
peripheral nerve sheath tumors. (4-7) Therefore, additional diagnostic markers are urgently
needed to aid in this often difficult differential diagnosis.

About half of all malignant peripheral nerve sheath tumors arise in patients with the
hereditary syndrome neurofibromatosis. Moreover, approximately 10% are radiation induced
and the remainder affect individuals without a known genetic predisposition. (1)
Neurofibromas in individuals with neurofibromatosis develop through germline mutations
(first hit) and somatic inactivating mutations (second hit) in the A/FZ gene. Also within
sporadic and radiotherapy-associated malignant peripheral nerve sheath tumors, 87.5 %
showed a nonsense mutation or homozygous deletion in AV/F1. (8) An additional third hit was
proposed that could explain progression of neurofibromas towards malignant peripheral
nerve sheath tumor, namely loss-of-function mutations in EED and SUZ12, both
components of Polycomb Repressive Complex 2 (PRC2). (8;9) Mutations in EED or SUZ12
were mutually exclusive and detected in 36-92% of sporadic, 23-70% of NF1-associated and
90% of radiotherapy-associated malignant peripheral nerve sheath tumors. (8;9) Importantly,
none of these mutations were observed in neurofibromas (n=17). (8;9)

SUZ12is a gene encoding zeste homolog 12 protein and £ED is a gene encoding embryonic
ectoderm development protein. Both are chromatin-modifying proteins, which together with
EZH1 and EZHZ, establish and maintain the di- and trimethylation of lysine 27 of histone
H3 (H3K27me2 and H3K27me3). (8) Using immunohistochemistry, it was shown in a series
of 62 malignant peripheral nerve sheath tumors, that malignant peripheral nerve sheath
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tumors with PRC2 loss, caused by mutations in SUZ12or EED, showed complete loss of
H3K27me3. More specifically, 56% (19/34) of NF1-associated malignant peripheral nerve
sheath tumors and >90% of sporadic (15/16) and radiotherapy-associated (11/12) malignant
peripheral nerve sheath tumors show loss of H3K27 staining, compared to retained
H3K27me3 immunostaining in 7 tested neurofibromas. (8)

The aim of our study was to investigate whether H3K27 tri-methylation is useful as a
diagnostic and /or prognostic marker for malignant peripheral nerve sheath tumors. H3K27
immunohistochemistry was performed in a large series of 162 primary malignant peripheral
nerve sheath tumors, 97 neurofibromas and 290 other tumors including undifferentiated
pleomorphic (or spindle) sarcoma / sarcoma not otherwise specified, synovial sarcoma,
fibrosarcomatous dermatofibrosarcoma protuberans and schwannoma.

Materials and methods

Tumor samples

Our 600 study cases were originally diagnosed and collected from three different Pathology
departments, including Leiden University Medical Center (Leiden, the Netherlands), The
University of Texas MD Anderson Cancer Center (Houston, USA) and Stanford University
Medical Center, USA. In total, 162 malignant peripheral nerve sheath tumors were included,
for which full clinicopathological data were available (Table 1). The samples from malignant
peripheral nerve sheath tumors Cohort 1 MDACC (n=80) were originally diagnosed in a
multidisciplinary setting between 1986 and 2006. The malignant peripheral nerve sheath
tumors from Cohort 2 (n=66) were originally diagnosed in a multidisciplinary setting
between 1979 and 2006 and the malignant peripheral nerve sheath tumors from Cohort 3
LUMC (n=16) were originally diagnosed in a multidisciplinary setting between 2001 and
2007.

In addition, 97 neurofibromas and 341 other tumors were used, including undifferentiated
pleomorphic (or spindle) sarcoma / sarcoma not otherwise specified (n=203), angiosarcoma
(n=21), myxofibrosarcoma (n=17), synovial sarcoma (n=15), melanoma (histologically
spindle type) (n=9), fibrosarcomatous dermatofibrosarcoma protuberans (n=8), clear cell
sarcoma (n=5), leiomyosarcoma (n=5), pleomorphic liposarcoma (n=5), rhabdomyosarcoma
(n=2), dedifferentiated liposarcoma (n=1), osteosarcoma (n=2), schwannoma (n=44) and
perineurioma (n=4) (no clinicopathological data available).

Tissue micro array construction

The LUMC tissue microarrays included tissue cores taken from tumor areas selected by a
pathologist on the basis of a haematoxylin and eosin (H&E)-stained slide (Beecher
Instruments, Silver Springs, MD, USA). Tissue microarrays were constructed with tissue
cores of a 1.5 mm diameter from each paraffin-embedded tumor tissue sample using a TMA
Master (3DHISTECH, Budapest, Hungary). At least three cores from each tumor were
sampled in order to outweigh intra-tumoral heterogeneity. Each tissue array contained
additional cores from other tissue types, both as internal control for immunohistochemistry
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and for orientation purposes. Details for the MDACC (10) and the Stanford TMAS have been
published previously. (11-13)

Immunohistochemistry

All tissue microarrays were stained at the LUMC pathology laboratory using the H3K27
antibody, H3K27-trimethyl (Millipore, Billerica, USA) with tonsil as positive control, using
standard laboratory procedures as described previously. (14) After antigen retrieval by
exposure to microwave heating in Tris—-EDTA buffer pH 9.0 at 100°C for 10 min, the
sections were incubated overnight at 4°C with 1:8000 diluted H3K27me3 antibody.

Evaluation of staining

Immunohistochemistry was evaluated by two observers independently (AHGC and
JVMGB), blinded towards clinicopathological data, and discrepancies were discussed.
Nuclear staining for H3K27me3 was evaluated for staining intensity (0 = negative, 1 = weak,
2 = moderate, 3 = strong). In addition, the percentage of positive tumor cell nuclei was
scored (0 = 0%, 1 = 1-24%, 2 = 25-49%, 3 = 50-74% and 4 = 75-100%). In cases where the
tumor cells were positive, the percentage of positive cells was always greater than
50%.Therefore, for statistical analysis we classified the staining patterns as ‘loss of’
H3K27me3 if negative or very weak intensity (with positive internal control (lymphocytes,
endothelial cells) was observed, or ‘intact’” H3K27me3 if moderate or strong intensity of
staining was observed.

Statistical analysis

Results

Data analysis was performed using IBM SPSS Statistics 20. All correlations were identified
using the Pearson Chi-Square test. Disease-specific survival (DSS) was defined as time from
diagnosis to death from Malignant Peripheral Nerve Sheath Tumor, with patients censored if
death was due to other causes. The method of Kaplan-Meier and the log-rank test were used
to compare DSS between groups. Independent variables predicting survival were evaluated
in a multivariable model using Cox Regression analyses. The Cox-regression model
included H3K27me3, age, sex, sporadic/NF associated disease and metastasis at diagnosis.
All 2-sided p values of <0.05 were considered statistically significant.

Loss of H3K27me3 staining in all malignant peripheral nerve sheath tumors subtypes

Of all analysed malignant peripheral nerve sheath tumors, 34% (55 out of 162) showed
complete absence or weak H3K27me3 nuclear staining (7 out of 55 and 48 out of 55,
respectively) in more than 75% of the tumor cells, with a positive internal control (Fig. 1
A,B). These cases were considered as malignant peripheral nerve sheath tumors with loss of
H3K27 tri-methylation. Sixty-six percent (107 out of 162) of malignant peripheral nerve
sheath tumors showed retention of H3K27 tri-methylation, as they demonstrated moderate or
strong nuclear staining in 75-100% of the tumor cells (Fig. 1C). We did not see any
significant difference in frequency of loss of H3K27 tri-methylation between sporadic and
neurofibromatosis-associated malignant peripheral nerve sheath tumors (Table 2). We
included two epithelioid malignant peripheral nerve sheath tumors of which both showed
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intact H3K27me3. For the 22 metastatic and 18 recurrent malignant peripheral nerve sheath
tumors that were included, there was a 100% concordance in H3K27me3 status between
primary tumors, recurrent tumors and / or metastases from the same patient (data not
shown).

Loss of H3K27me3 is not observed in neurofibromas

Loss of H3K27me3 immunoreactivity was not observed in all 97 neurofibromas (Table 2),
since 38% (37/97) showed moderate and 62% (60/97) showed strong H3K27 tri-methylation
staining (Fig. 1D). This group of neurofibromas included sporadic cases as well as patients
with hereditary neurofibromatosis. Moreover, different morphological subtypes of
neurofibroma such as atypical (n=8) and plexiform neurofibroma (n=24) were included
(Table 2). Of 44 patients for which both a neurofibroma and a malignant peripheral nerve
sheath tumor were available, retention of H3K27me3 immunoreactivity was seen in all
forty-four neurofibromas. In patients with more than one neurofibroma, all tumors
demonstrated retention of H3K27 tri-methylation (n=42).

Loss of H3K27me3 is not specific for malignant peripheral nerve sheath tumors

Seven percent (24 out of 341) of other mesenchymal tumors demonstrated loss of H3K27
tri-methylation. Loss was frequently seen in synovial sarcomas (60% (9 out of 15) and
fibrosarcomatous dermatofibrosarcoma protuberans (38% (3 out of 8)) (Figure 1E-H), which
show significant morphological overlap with malignant peripheral nerve sheath tumors
(Table 2).

Other high grade sarcomas that are difficult to distinguish from malignant peripheral nerve
sheath tumor solely based on morphology, such as sarcoma not otherwise specified or
undifferentiated pleomorphic (or spindle cell) sarcoma, demonstrated loss of H3K27 tri-
methylation in a very low frequency (0% (0/26), and 2,8 % (5/177), respectively (Table 2)).
Furthermore, loss of H3K27 tri-methylation was observed in small subsets of angiosarcomas
(10% (2/21)), clear cell sarcomas (40% (2/5)), melanoma (11% (1/9)), osteosarcoma (50%
(1/2)) and schwannoma (2% (1/44)). Intact H3K27 tri-methylation was detected in
myxofibrosarcoma (n=17), pleomorphic liposarcoma (n=5), rhabdomyosarcoma (n=2),
dedifferentiated liposarcoma (n=1), leiomyosarcoma (n=5) and perineurioma (n=4) (Table
2).

Loss of H3K27me3 predicts poor survival in malignant peripheral nerve sheath tumors

Loss of H3K27 tri-methylation was an independent prognostic factor for a poor survival
compared to intact H3K27me3 among malignant peripheral nerve sheath tumor patients of
Cohort 1 MDACC (n=62) (Fig. 2, Kaplan Meier, p=001), with a HR of 2.6 (Cox-regression,
Cl 1.2-5.7, p=0.017). In a second cohort of malignant peripheral nerve sheath tumors of
Cohort 3 LUMC (n=16) with available follow-up data, cases with loss of H3K27 tri-
methylation showed a higher frequency of disease specific mortality compared to cases with
intact H3K27, respectively 75% (3/4) and 50% (6/12). Due to the low number of cases with
available follow-up data in Cohort 3, additional survival analyses were not performed.
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Discussion

The distinction between neurofibroma and malignant peripheral nerve sheath tumor can be
extremely difficult based on histology alone, and so far no good immunohistochemical or
molecular markers are available to assist in the differential diagnosis. We show here, in a
multicentre study, that loss of H3K27 tri-methylation can be used as a diagnostic and
prognostic marker for malignant peripheral nerve sheath tumors. Loss of H3K27 tri-
methylation was found in 34% of malignant peripheral nerve sheath tumors compared to
intact H3K27 tri-methylation in all neurofibromas, including morphological variants like
atypical and plexiform neurofibromas, indicating that loss of H3K27 tri-methylation is
highly specific for malignant peripheral nerve sheath tumors in the differential diagnosis
with neurofibroma.

Our results regarding the specificity of H3K27 tri-methylation are in concordance with
previous studies. In a study by Schaefer et al loss of H3K27 tri-methylation was shown in
51% (51/100) of malignant peripheral nerve sheath tumors and in another study by Prieto-
Granada et al, loss of H3K27 tri-methylation was found in 69% (47/68) of malignant
peripheral nerve sheath tumors. (15;16) In a study by Zhang et al, 29% (6/21) of malignant
peripheral nerve sheath tumors showed loss of H3K27 tri-methylation, more specifically 8%
(1/12) of neurofibromatosis-associated malignant peripheral nerve sheath tumors and 55%
(5/9) of sporadic malignant peripheral nerve sheath tumors. In the second study by Lee et al,
loss of H3K27 tri-methylation was observed with a higher frequency, respectively 56%
(19/34) of NF1-associated malignant peripheral nerve sheath tumors and 93% (15/16) of
sporadic malignant peripheral nerve sheath tumors. Although the specificity of loss of
H3K27 tri-methylation for malignant peripheral nerve sheath tumors is high, the prevalence
H3K27 tri-methylation loss ranged from 20% up to as high as 93%. A possible explanation
might be that the frequency of NF1 associated versus sporadic/radiotherapy-associated
malignant peripheral nerve sheath tumors are heterogeneous between these cohorts.
Progression of disease and sequence of genetic inactivation of PRC2 complex and thus
H3K27 tri-methylation status is thought to be different in malignant peripheral nerve sheath
tumors that are NF1 associated compared to sporadic and radiotherapy-associated malignant
peripheral nerve sheath tumors. However there were no statistical significant differences in
distribution of NF1-associated versus sporadic malignant peripheral nerve sheath tumors
between our study cohorts and those published by others. Furthermore it is not likely that
differences in antibodies between the studies explain the range in sensitivity. We used the
same antibody as Schaefer et al and Lee et al, and although we used a higher dilution
(1:8.000 versus 1:500 and 1:250), this did not result in a higher frequency of loss of H3K27
tri-methylation in our current study.

Based on morphological criteria including high cellularity, nuclear atypia and mitotic
activity, pathologists try to differentiate malignant peripheral nerve sheath tumors from
plexiform neurofibromas and atypical neurofibromas. Logically a greater degree of
cellularity, pleomorphism and higher mitotic activity are criteria that are used to classify the
lesion as malignant. The problem with these histological features is that they are prone to
interobserver variability. Additionally, the use of immunohistochemistry in the differential
diagnosis has been of limited value, due to lack of sensitivity and specificity to establish the
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diagnosis of malignant peripheral nerve sheath tumor with certainty. S100 protein has been
widely used to prove nerve sheath differentiation in a monomorphic appearing spindle cell
sarcoma, but it is expressed on occasion in a variety of other lesions. Therefore, in the past,
many efforts have been undertaken to identify additional molecular markers that could
differentiate between these tumors. (17;18) For example, expression profiling in matched
malignant peripheral nerve sheath tumors and neurofibroma samples did identify more than
500 kinase genes that are differentially expressed between both entities, with mitotic
regulators BUB1B, PBK and NEKZbeing overexpressed in malignant peripheral nerve
sheath tumors. (19) However, the patterns of these changes turned out to be complex and
heterogeneous, without a single unifying alteration that could be used as a diagnostic
marker. In contrast, staining for H3K27me3 seems to be a more promising and easy to use
diagnostic tool, in which loss of H3K27me3 favours progression to malignant peripheral
nerve sheath tumors above plexiform or atypical neurofibroma.

Besides neurofibromas, cellular schwannomas and high-grade undifferentiated sarcomas,
synovial sarcomas and fibrosarcomatous dermatofibrosarcoma protuberans belong to the
differential diagnosis at the opposite end of the spectrum of malignant peripheral nerve
sheath tumors which may be difficult to distinguish from each other solely based on
morphological criteria. Malignant peripheral nerve sheath tumors has a broad morphologic
range (including in the well defined set of those present in the setting of neurofibromatosis),
composed of a relatively monomorphic spindle cell proliferation, to pleomorphic and even
rarely to epithelioid cytomorphology. Mitoses are usually readily identified and necrosis is
often present, but these features vary and are not distinct. Diffuse S100 positive staining
favours a diagnosis of schwannoma, and since 98% of the schwannomas in our study
showed intact H3K27me3, loss of this staining almost excludes the diagnosis of a cellular
schwannoma. In line with this, according to our study, loss of H3K27 tri-methylation is a
negligible finding in undifferentiated sarcomas that could mimic malignant peripheral nerve
sheath tumors. Therefore, in the difficult differential diagnosis of high grade spindle cell
lesions, loss of H3K27me3 is strongly indicative of malignant peripheral nerve sheath tumor
and does not favor a cellular schwannoma or, undifferentiated sarcoma, or melanoma.

On the other hand, loss of H3K27 tri-methylation was frequently observed within synovial
sarcomas and fibrosarcomatous dermatofibrosarcoma protuberans. These lesions have
overlapping histological and immunohistochemical features. Our results show that
H3K27me3 immunohistochemistry is not useful to differentiate between these two entities
and demonstration of the t(X;18) translocation remains the cornerstone for the diagnosis of
synovial sarcoma while dermatofibrosarcoma protuberans is characterized by COL1A1-
PDGFB gene fusions.

SS18 and SSX are transcriptional cofactors involved in activation (SS18) and repression
(SSX) of gene transcription. SS18 interacts with SWI/SNF, whereas SSX is associated with
the polycomb chromatin remodelling complex. Indeed, Garcia et al have shown H3K27me3
to be the dominant epigenetic marker associated with SYT-SSX2 binding and gene
expression (20), which may explain the loss of H3K27 tri-methylation which we found in
60% of synovial sarcomas. In contrast to malignant peripheral nerve sheath tumors,
mutations in SUZ12, EED, EZH1 and EZHZ2are not described in synovial sarcomas and
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therefore could not explain the observed loss of H3K27 tri-methylation. Likewise, our
finding of loss of H3K27 tri-methylation in 38% of dermatofibrosarcoma protuberans also
needs to be further explored in a larger group, since no data have been published about a
possible mechanistic link between H3K27 tri-methylation and the specific fusion protein,
COL1A1-PDGFB, which is characteristic of dermatofibrosarcoma protuberans. (21)

Our finding that malignant peripheral nerve sheath tumors with loss of H3K27 tri-
methylation showed inferior survival compared to malignant peripheral nerve sheath tumors
with intact H3K27 tri-methylation are in line with the results of Schaefer et al, who
demonstrated increased loss of H3K27 with increasing histological grade. (15) We do not
have sufficient data regarding histological grading available for the three cohorts we studied,
which is a limitation in our study. The value of grading malignant peripheral nerve sheath
tumors is unclear and its relationship with clinical outcome has been long debated in the
literature.

In the study by Lee et al and Zhang et al, it was shown that loss of H3K27 tri-methylation
was caused by mutations in SUZ12or EED. These two genes establish and maintain the di-
and trimethylation of lysine 27 of histone H3 (H3K27me2 and H3K27me3) and methylation
of this position results in transcriptional repression of target genes. (8) It was shown that the
vast majority (95%) of differentially expressed genes (FOXN4, IGF2, PAXZ, TLXI) were
upregulated in malignant peripheral nerve sheath tumors with PRC2 loss, which is consistent
with the role of PRC2 in transcriptional repression via histone H3. (8) Since genes such as
IGF2play an important role in the growth and development of cells and have been
implicated in oncogenesis and tumor progression, differential upregulation of these genes in
malignant peripheral nerve sheath tumors with loss of H3K27 tri-methylation, could explain
the observed effect on survival in our study.

Besides using H3K27me3 staining as a diagnostic and prognostic marker, loss of
H3K27me3 may predict response to histone deacetylase (HDAC) inhibitors. In a study
performed within malignant peripheral nerve sheath tumor cell lines, histone deacetylase 8
specific inhibitor induced cell growth inhibition and marked S-phase cell cycle arrest. (22)
However, resistance to histone deacetylase inhibitors has also been shown in malignant
peripheral nerve sheath tumors (23) and likely mutations in chromatin remodelling genes
like SUZ12or EED and thus H3K27 tri-methylation, play a mechanistic role in level of
response to histone deacetylase inhibitors. This is an important area for more preclinical
modeling.

In conclusion, our results show that loss of H3K27 favours the diagnosis of malignant
peripheral nerve sheath tumor over neurofibroma, undifferentiated pleomorphic (or spindle)
sarcoma / sarcoma not otherwise specified and melanoma but is not suitable to distinguish
malignant peripheral nerve sheath tumors from its morphological mimickers, namely
synovial sarcoma and fibrosarcomatous dermatofibrosarcoma protuberans. Since loss of
H3K27 tri-methylation was related to poorer survival in malignant peripheral nerve sheath
tumor, chromatin modification mediated by this specific histone might explain the more
aggressive tumour biology.
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Figure 1.
Staining patterns of H3K27 tri-methylation: A, malignant peripheral nerve sheath tumor

NF1-associated (H&E) with loss of H3K27me3 (B) as well as sporadic malignant peripheral
nerve sheath tumor case (C (H&E) +D)) with lymphocytes and vessel walls as positive
internal controls; E, sporadic malignant peripheral nerve sheath tumor case (H&E) with
Intact H3K27me3 (F); G, plexiform type neurofibroma (H&E) with retention of H3K27me3
(H); 1, synovial sarcoma (H&E) with retention of H3K27me3 (J); K, synovial sacoma
(H&E) with loss of H3K27me3 (L); M, fibrosarcomatous dermatofibrosarcoma protuberans
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(H&E) with retention of H3K27me3 (N); O, fibrosarcomatous dermatofibrosarcoma
protuberans (H&E) with loss of H3K27me3 (P). (A-H black bar = 50 um; I-P black bar = 20

Hm)
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Loss of H3K27me3 is associated with poor outcome: Poorer disease specific survival (in
years) of MPNSTSs with loss of H3K27 tri-methylation (n=14) compared to MPNSTs with

intact H3K27 tri-methylation (n=48), p=0.001.
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Table 1
Clinical parameters of MPNST cohorts

MPNST Cohort 1 MDACC  MPNST Cohort 2 Stanford MPNST Cohort 3LUMC

(n=80) (n=66) (n=16)
Age at diagnosis
-median (range) 40 (3-73) n.a. 28 (15-68)
Gender
-Female 27 (34%) n.a. 9 (56%)
-Male 37 (46%) n.a. 7 (44%)
-Not available 16 (20%)
MPNSTs
-NF1 associated 34 (43%) 43 (65%) 4 (25%)
-Sporadic 22 (27%) 21 (32%) 12 (75%)
-Radlation associated 5 (6%) 0 (0%) 0 (0%)
-Data n.a. 19 (24%) 2 (3%) 0 (0%)
Treatment
-Resection 75 (93%) n.a. 16 (100%)
-Radiotherapy 6 (8%) n.a. 10 (63%)
-Chemotherapy 16 (20%) n.a. 4 (25%)
-Not available 48 (60%) 1 (6%)
Mean survival Time (years) 4,9 n.a. 58
Events 35 (56%) n.a. 9 (56%)

Page 14

MPNST=malignant peripheral nerve sheath tumor; MDACC= The University of Texas MD Anderson Cancer Center; SUMC= Stanford University

Medical Center; LUMC= Leiden University Medical Center. Events = death due to disease. n.a.=not available.
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Table 2
Distribution of loss or intact H3K 27me3 accor ding to tumor subtype
Lossof H3K27me3  Intact H3K27me3

MPNSTs 55 (34%) 107 (66%)
-Triton 0 (0%) 5 (100%)
-NF1 associated 33(41%) 47(59%)
-Sporadic 17(32%) 37(68%)
Neurofibroma 0 (0%) 97 (100%)
-Atypical 0 (0%) 8 (100%)
-Plexiform 0 (0%) 24 (100%)
Schwannoma 1(2%) 43 (98%)
Perineurioma 0 (0%) 4 (100%)
Sarcoma NOS 0 (0%) 26 (100%)
Undifferentiated pleomorphic or spindle cell sarcoma 5 (3%) 172 (97%)
Angiosarcoma 2 (10%) 19 (90%)
Myxofibrosarcoma 0 (0%) 17 (100%)
Synovial sarcoma 9 (60%) 6 (40%)
Melanoma 1 (11%) 8 (89%)
DFSP 3 (38%) 5 (62%)
Clear cell sarcoma 2 (40%) 3 (60%)
Leiomyosarcoma 0 (0%) 5 (100%)
Dedif. Liposarcoma 0 (0%) 1 (100%)
Pleomorphic liposarcoma 0 (0%) 5 (100%)
Rhabdomyosarcoma 0 (0%) 2 (100%)
Osteosarcoma 1 (50%) 1 (50%)

MPNST=malignant peripheral nerve sheath tumor; NOS= not otherwise specified; DFSP=dermatofibrosarcoma protuberans.

Mod Pathol. Author manuscript; available in PMC 2016 July 18.

Page 15



	Abstract
	Introduction
	Materials and methods
	Tumor samples
	Tissue micro array construction
	Immunohistochemistry
	Evaluation of staining
	Statistical analysis

	Results
	Loss of H3K27me3 staining in all malignant peripheral nerve sheath tumors subtypes
	Loss of H3K27me3 is not observed in neurofibromas
	Loss of H3K27me3 is not specific for malignant peripheral nerve sheath tumors
	Loss of H3K27me3 predicts poor survival in malignant peripheral nerve sheath tumors

	Discussion
	References
	Figure 1
	Figure 2
	Table 1
	Table 2

