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Background: DICER1-associated tumors are heterogeneous and affect several organs. DICER1-associated 
primary intracranial sarcoma is associated with histone H3 trimethylation on lysine 27 (H3K27me3) loss in 
nucleus by immunohistochemistry.
Methods: We explored the H3K27me3 immunostaining pattern in other DICER1-associated tumors. 
Twelve tumors from eleven patients with confirmed DICER1 mutations (sporadic and germline) data from 
a pancancer next-generation sequencing panel, and four tumors of pleuropulmonary blastoma (PPB) were 
retrieved from our database and stained with anti-H3K27me3 antibody.
Results: The H3K27me3 expression in the nucleus showed heterogeneous mosaic loss in neoplastic 
Sertoli cell components in three of the five cases of moderately to poorly differentiated Sertoli-Leydig cell 
tumors. Among two tumors of DICER1-associated primary intracranial sarcoma, one showed complete 
loss of H3K27me3 in all neoplastic cells, whereas the other showed mosaic loss in the sarcomatous spindle 
cells. One DICER1-associated tumor with epithelial and mesenchymal differentiation, including pulmonary 
blastoma and PPB, showed mosaic loss of glandular epithelial and mesenchymal components. Four cases of 
type II PPB and a single case of type III PPB showed a similar mosaic loss of H3K27me3 staining restricted 
to large spindle cell components. All other components in all tumors—including Leydig cells; the areas of 
epithelial, cartilaginous, and rhabdomyomatous differentiation; and all cells of the remaining three cases (one 
papillary thyroid carcinoma and two cases of PPB type I)—demonstrated retained H3K27me3 staining.
Conclusions: H3K27me3 expression is not universally lost in DICER1-associated tumors and thus is not 
predictive of DICER1 mutation status. The mosaic regional loss of H3K27me3 immunostaining is consistent 
in PPB type II and III, which can be a helpful diagnostic marker for these tumors and suggests a similarity to 
DICER1-associated intracranial sarcoma.
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Introduction

DICER1 is a gene that encodes the protein DICER1, 
that is a cytoplasmic RNase III enzyme that is essential 
for microRNA (miRNA) production and RNA-induced 
silencing complex formation, which silences messenger 
RNA (mRNA) expression (1). DICER1-associated tumors 
comprise a heterogenous group that affects many organs 
including pleuropulmonary blastoma (PPB), cystic 
nephroma, Wilms tumor, Sertoli-Leydig cell tumor, uterine 
cervical embryonal rhabdomyosarcoma, multinodular goiter, 
nasal chondromesenchymal hamartoma, pineoblastoma, 
pituitary blastoma, ciliary body medulloepithelioma, 
embryonal tumor with multilayered rosette (ETMR)-like 
infantile cerebellar tumor, DICER1-associated primary 
intracranial sarcoma, and other rare entities (1-10).  
Kamihara et al. (11) recently described five DICER1-
associated primary intracranial sarcomas with consistent 
loss of histone H3 trimethylation on lysine 27 (H3K27me3) 
immunostaining in the nucleus. This was confirmed by 
Alexandrescu et al. (12) who reported six DICER1-associated 
primary intracranial sarcomas showed diffuse (n=4), mosaic 
(n=1) or minimal (≤5%, n=1) loss of H3K27me3 and 
nuclear TLE1 expression (n=6), which implied that the 
combination of H3K27me3 and TLE1 immunostaining 
can be helpful diagnostic markers for DICER1-associated 

primary intracranial sarcomas, and a similar loss in two 
additional DICER1-associated tumors (ETMR-like infantile 
cerebellar tumor and pineoblastoma) and a case of PPB 
type II. However, the H3K27me3 immunostaining status in 
other DICER1-associated tumors remains unknown.

The association between DICER1 and H3K27me3 is 
unclear, but linkages have been described. Ting et al. (13)  
reported the importance of intact DICER for the 
maintenance of CpG island hypermethylation status in 
HCT116 human colon cancer cells with DICER helicase 
domain knockout, and H3K27me3 showed a small but 
consistent decrease across the entire promoter region at 
the DICER-regulated SFRP4 and ICAM-1 promoters, 
suggesting that the changes in chromatin modifications 
could be characteristic of the DICER-target genes. 
Kanellopoulou et al. (14) found that in the absence of Dicer 
(a mouse analog of DICER), there was a marked reduction 
in SUZ12, JARID2, and H3K27me3 at the transcriptional 
start sites in DCR−/− mouse embryonic stem cells.

In this study, we explored the H3K27me3 staining pattern 
in DICER1-associated tumors, investigated the correlation 
between this staining pattern and DICER1 mutations, and 
assessed whether it can be used to predict DICER1 status 
in these tumors. We present this article in accordance 
with the MDAR reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-24-61/rc).

Methods

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). Institutional 
review board approval from Children’s Hospital Los Angeles 
(IRB Approval: CHLA-15-00067-CR008) was obtained for 
this study. Informed consent was taken from all the patients. 
Twelve tumors from 11 patients with confirmed DICER1 
mutations (sporadic and germline) data were retrieved from 
the Department of Pathology and Laboratory Medicine 
archives at Children’s Hospital Los Angeles, including 
from patients with ovarian Sertoli-Leydig cell tumors 
(n=5), DICER1-associated intracranial sarcoma (n=2), 
DICER1-associated tumor with epithelial and mesenchymal 
differentiation (n=1), PPB (n=3), and papillary thyroid 
carcinoma (n=1). Four cases with a diagnosis of PPB were 
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included regardless of DICER1 status because of their high 
association with DICER1 alteration and their resemblance 
to DICER1-associated primary intracranial sarcoma.

Genetic mutational data were obtained from the results of 
a pancancer next-generation sequencing panel, OncoKids (the 
OncoKids panel is an amplification-based next-generation 
sequencing assay designed to detect diagnostic, prognostic, 
and therapeutic markers across the spectrum of pediatric 
malignancies, including leukemia, sarcomas, brain tumors, 
and embryonal tumors). The DNA content of this panel 
covered the full coding regions of 44 cancer predisposition 
loci, tumor-suppressor genes, and oncogenes; hotspots for 
mutations in 82 genes; and amplification events in 24 genes. 
The RNA content includes 1,421 targeted gene fusions (15) 
and chromosomal microarray analysis (CMA) (16).

Representative sections from each tumor were stained 
with an anti-H3K27me3 antibody (Cat. #9733S; antibody 
clone number: C36B11; dilution: 1:75; Cell Signaling 
Technology, Danvers, MA, USA). Slide preparation was 
performed in our Clinical Laboratory Improvement 
Amendments (CLIA)-certified laboratory in accordance 
with a standardized operating procedure. The malignant 
peripheral nerve sheath tumor (MPNST) with completely 
lost in all neoplastic cells was used as negative control. 
Patients with no available blocks were excluded from 
this study. The related clinicopathological and molecular 
features were reviewed.

The staining patterns for H3K27me3 were defined 
as follows: (I) staining in less than 5% of the cells of 
interest was considered complete loss of staining; (II) 
5–95% staining in the cells of interest was considered 
heterogeneous mosaic loss of staining; and (III) more 
than 95% staining in the cells of interest was considered 
complete retention of staining.

Results

Sixteen tumors from 15 patients met the inclusion criteria 
(Table 1). These included five cases of ovarian Sertoli-
Leydig cell tumors, two cases of DICER1-associated 
intracranial sarcoma, one case of DICER1-associated tumor 
with epithelial and mesenchymal differentiation, seven 
cases of PPB, and one case of papillary thyroid carcinoma. 
The details of cases 3 (17) and 6 (16) have been described 
previously.

Three of the five ovarian Sertoli-Leydig cell tumors 
demonstrated multifocal areas of mosaic loss of H3K27me3 
expression. The first two cases showed preserved nuclear 

staining in all neoplastic cells, including moderately-
to-poorly differentiated Sertoli cells, pleomorphic cells, 
and heterologous epithelial components (Figure 1A-1C). 
Case 3 exhibited focal areas of cystic spaces with papillary 
projections, consistent with a retiform component. The 
stroma of these papillae showed mosaic loss of H3K27me3 
staining, while all other components demonstrated 
preserved nuclear staining. Case 4 contained a heterologous 
component in the form of focal rhabdomyosarcomatous 
differentiation with an intact H3K27me3 staining pattern, 
and the loss of H3K27me3 nuclear staining was restricted 
to small foci of undifferentiated oval to spindled nuclei 
(Figure 1D,1E). Case 5 had heterologous epithelial and 
spindle cell components. The epithelial component and 
most of the other components of the tumor demonstrated 
preserved nuclear staining, and the loss of nuclear staining 
was restricted to the spindle cell component, particularly 
in the subepithelial areas (Figure 1F-1H). The papillary 
thyroid carcinoma from patient 3 showed H3K27me3 
immunostaining in more than 95% of the neoplastic nuclei.

In all cases, neoplastic cells with the loss of H3K27me3 
expression demonstrated a dot-like staining pattern that 
represented the expected methylation of one X chromosome 
via lyonization. This finding served as an excellent internal 
control for H3K27me3 staining.

Among the two cases of intracranial sarcoma, the first 
case showed mosaic loss of H3K27me3 in the sarcomatous 
spindle cells (Figure 2A-2D), while the second showed 
a complete loss in all neoplastic cells (Figure 2E-2G).  
Neoplastic growth in the first case was formed by 
spindled neoplastic cells with alternating hypocellular and 
hypercellular areas. H3K27me3 staining revealed mosaic 
loss in the neoplastic cells. The second brain tumor (case 7) 
was from a 19-year-old male patient with a known germline 
TP53 mutation, but no germline DICER1 alteration. He had 
anal rhabdomyosarcoma at 3 years of age. The intracranial 
neoplasm contained abundant spindle cells and pleomorphic 
anaplastic cells. H3K27me3 staining showed a complete 
loss of all neoplastic cells. This case exhibited copy loss 
on chromosome 17, which included the SUZ12 gene 
that possibly contributed to the total loss of H3K27me3 
expression in all neoplastic cells.

The lung mass in case 8 was from a 20-year-old female 
patient with history of orbital embryonal rhabdomyosarcoma 
at the age of 5 years. The lung tumor was biphasic and 
comprised both epithelial and mesenchymal components 
(Figure 3A,3B). The epithelial components included 
glandular and acinar structures with squamoid morulae. 
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A B C

D E

F G H

Figure 1 H3k27me3 staining pattern in ovarian Sertoli-Leydig cell tumors. (A,B) Case 1 with retained nucleus staining in most cells. (A: 
H&E, ×100; B: IHC, ×200). (C-E) Case 4 with mosaic loss of nucleus staining in Sertoli cells. (C: H&E, ×200; D: IHC, ×100; E: IHC, 
×200). (F-H) Case 5 with mosaic loss of nucleus staining in spindle cells resembling primitive gonadal stroma. (F: H&E, ×200; G: IHC, 
×200; H: IHC, ×100). H3k27me3, histone H3 trimethylation on lysine 27; H&E, hematoxylin and eosin; IHC, immunohistochemistry.

The mesenchymal component consisted of primitive round 
and spindle neoplastic cells. The diagnosis was DICER1-
associated biphasic tumor with epithelial and mesenchymal 
differentiation, including pulmonary blastoma and PPB. 
As the neoplastic glandular epithelium and squamoid 
morulae formed part of the tumor, the diagnosis of 
pulmonary blastoma was favored. H3K27me3 was retained 
in the squamoid morulae but showed mosaic loss in other 
nonepithelial components with preservation of dot-like 
X-chromosome staining (Figure 3C,3D).

There were seven cases of PPB. Among the two cases of 
type I PPB, one had a DICER1 mutation, whereas the other 
was negative for the germline DICER1 mutation. Both 
showed preservation of H3K27me3 in all neoplastic cells, 
including septal mesenchymal cells (Figure 4A-4D). All four 
cases of type II PPB (two with DICER1 mutations and two 
with an unknown DICER1 status) and a single case of type 
III PPB (unknown DICER1 status) showed similar mosaic 
loss of H3K27me3 staining, which was more prominent in 

the undifferentiated spindle cell component (Figure 4E-4K).

Discussion

In this study, we confirmed the previous observation of 
variable but consistent loss of H3K27me3 in DICER1-
associated intracranial sarcoma, and we extended this 
finding to PPB type II–III. Other DICER1-associated 
tumors showed inconsistent focal mosaic nucleus staining 
(such as the three of five ovarian Sertoli-Leydig cell tumors) 
or complete retention of nuclear staining (one PPB type I 
and one papillary thyroid carcinoma). This result suggests 
that not all DICER1-associated tumors are associated with 
H3K27me3 immunostaining loss.

DICER is a cytoplasmic RNase III enzyme that is 
essential for miRNA and small interfering RNA (siRNA) 
production. DICER and miRNAs ligate and become 
incorporated into the RISC complex, thereby preventing 
mRNA expression (1). DICER1-associated tumors affect 
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many organs. Schultz et al. (2) recently described DICER1-
associated primary intracranial sarcomas with a consistent 
but variable degree of loss of H3K27me3 immunostaining. 
This finding was confirmed by Alexandrescu et al. (12), 
who also reported a similar loss in two additional DICER1-
associated brain tumors (ETMR-like DICER1-related 
tumor and DICER1-altered pineoblastoma) and a case 
of PPB type II. However, the H3K27me3 status in other 
DICER1-associated tumors has not yet been investigated.

Although Kamihara et al.  (11) and Alexandrescu 
et al. (12) suggested an association between DICER1 
alteration and H3K27me3, a review of the literature 
failed to yield a clear and obvious correlation. A possible 
association was suggested by the finding that functioning 
DICER is required for the maintenance of CpG island 
hypermethylation status in human cancer cell lines (13). 
In mouse embryonic stem cells, the production of miR-
290 miRNAs, through the functioning of DICER, plays a 
role in H3K27me3 methylation of HOX gene promoters, 

which is mediated through miR-290/miR-291 suppression 
of methyltransferase Ash1l, an antagonist of polycomb 
repressive complex 2 (PRC2) (14).

Trimethylation of lysine at position 27 is considered 
a negative regulator of gene expression. H3K27me3 
expression reflects the methylation status at lysine 27 
in histone 3 (18). The pattern of immunostaining for 
H3K27me3 can be classified as retained, mosaic/partial/
heterogeneous, or completely lost. The most reliable 
pattern is complete loss of H3K27me3 expression in 
neoplastic cells, as observed in H3F3A K27M-mutant 
pediatric glioblastomas (19), group-A childhood posterior 
fossa ependymoma (20), and some MPNSTs (21). The 
underlying mechanisms in the first two tumors are similar, 
as aberrant expression of H3K27Mme3 and EZHIP 
(CXorf67) prevents PRC2 via allosteric inhibition (22). In 
MPNST, aberrant H3K27M and EZHIP inactivate PRC2 
complex by altering its components EED and SUZ12 (21).

Mosaic expression of H3K27me3 is less specific than is 

A B

C D

E F G

Figure 2 H3k27me3 staining pattern in DICER1-associated intracranial sarcoma. (A-D) Case 6: intracranial sarcoma with mosaic loss 
in large spindle cells. (A: H&E, ×40; B: IHC, ×40; C: IHC, ×200; D: IHC, ×100). (E-G) Case 7: intracranial sarcoma with complete loss, 
and only normal cells (endothelial cells, leukocytes) showed nucleus staining retention. (E: H&E, ×100; F: H&E, ×100; G: IHC, ×200). 
H3k27me3, histone H3 trimethylation on lysine 27; H&E, hematoxylin and eosin; IHC, immunohistochemistry.
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complete loss and can be observed in many different tumors 
such as myxofibrosarcoma, osteosarcoma, dedifferentiated 
liposarcoma, rhabdomyosarcoma, low-grade fibromyxoid 
sarcoma, leiomyosarcoma, the fibrosarcomatous variant 
of  dermatofibrosarcoma protuberans,  melanoma, 
neurofibroma, schwannoma, perineuroma, and ossifying 
fibromyxoid tumor (23). However, two patterns of mosaic 
expression have been described. The most common pattern 
is the intermingling of neoplastic cells with retained and 
lost staining. Geographic loss is less commonly observed 
and manifests as well-defined areas of loss of staining in 
the background of regions of retained staining. The latter 
pattern has been observed only in three MPNSTs and one 
undifferentiated pleomorphic sarcoma and is considered to 
be a variant of complete loss (16). The mosaic loss in the 
DICER1-associated tumors is mixed, with both intermingled 
loss and focal geographic loss in a subset of neoplastic cells.

Although mosaic expression of H3K27me3 can be 
observed in many different tumors, but they all appear 
in low proportions (23). The mosaic regional loss of 

H3K27me3 immunostaining is consistent in PPB type II 
and III, which can be a helpful diagnostic marker for these 
tumors and suggests a similarity to DICER1-associated 
intracranial sarcoma. If we suspect PPB type II and III from 
the tumor location and morphology, we will add H3K27me3 
immunohistochemistry. If it is mosaic expression, it can be 
suggested that it is this tumor, so we can further do DICER1 
mutation detection to further clarify the diagnosis.

Another limitation in the interpretation of the staining 
results is the staining intensity. H3K27me3 deposition is a 
dynamic process related to the cellular stage of development, 
and the immunostaining process can be affected by many 
variables that result in different staining intensities and by a 
lack of agreement in the interpretation of staining patterns. 
These findings may explain the contradictory conclusions 
regarding H3K27me3 nucleus staining in synovial 
sarcoma. Cleven et al. (24) reported that 9 of 15 cases  
of synovial sarcoma showed loss of nuclear staining, 
whereas Prieto-Granada et al. (21) reported that none of the 
113 examined cases showed loss of H3K27me3 expression. 

A B

C D

Figure 3 Case 8: DICER1-associated tumor with epithelial and mesenchymal differentiation. (A) Epithelial differentiation with glandular 
and squamoid morulae differentiation (H&E, ×100). (B) Spindle cell differentiation (H&E, ×200). (C) Mosaic loss of H3K27me3 
immunostaining in glandular epithelial component (IHC, ×40). (D) Higher magnification was used to show the geographic retention of 
nucleus H3K27me3 immunostaining in squamoid morulae and loss except for X-chromosome dot-like staining in mesenchymal cells (IHC, 
×400). H&E, hematoxylin and eosin; H3k27me3, histone H3 trimethylation on lysine 27; IHC, immunohistochemistry.
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In addition, Kitahama et al. (25) also demonstrated that 
using different dilutions of the same H3K27me3 antibody 
(clone C36B11) can result in different staining intensities 
and interpretations. They found that when under a 1:200 
dilution, only two of 151 cases of diffuse glioma showed 
some degree of H3K27me3 loss, whereas under a 1:2,000 
dilution, 19 of 151 cases showed H3K27me3 loss.

To reduce the potential for variable results, we 
restricted our interpretation to areas with well-recognized 
internal positive controls, such as endothelial cells and/or 
inflammatory cells, so that focal regions with no internal 
positive control were excluded in our assessment. In female 
patients, dot-like staining representing the methylation 
pattern of the X chromosome (11) was also used as an 
effective internal positive control.

Common features shared among cases with mosaic 
H3K27me3 nuclear staining in our and others’ studies 
(11,12,19,20,23) included the following: (I) heterogenous 

tumors with more than one line of differentiation; (II) focal 
loss of the staining in areas with the least differentiation; 
and (III) preservation of the X-chromosome pattern of 
staining in female patients. The nuclei in these areas 
showed very faint staining compared to the X chromosome, 
which we considered negative. However, as we discussed 
regarding the threshold limitation in the interpretation of 
this immunostaining, the possible use of different dilutions, 
platforms, incubation periods, amplification methods, or 
other variability in the immunostaining method, may result 
in more intense nuclear staining and may be considered 
positive by other interpreters. Only one of the tumors in 
our series, an intracranial sarcoma, showed complete loss 
of nuclear immunostaining. Genetic profiling revealed 
evidence of loss of chromosome 17, which includes the 
SUZ12 gene (a component of the PRC2 complex), which 
may explain the profound and total loss of H3K27me3 
expression in all neoplastic cells.

A B C D

E F G H

I J K

Figure 4 H3k27me3 staining pattern in PPB. (A,B) Type I (case 9), retained nucleus staining. (A: H&E, ×200; B: IHC, ×200). (C,D) Type 
I (case 10), retained nucleus staining. (C: H&E, ×200; D: IHC, ×200). (E-H) Type II (case 11), multifocal mosaic loss. (E: H&E, ×200; 
F: IHC, ×200; G: IHC, ×100; H: IHC, ×200). (I-K) Type III (case 15), more prominent mosaic loss. (I: H&E, ×200; J: IHC, ×100; K: 
IHC, ×200). H3k27me3, histone H3 trimethylation on lysine 27; PPB, pleuropulmonary blastoma; H&E, hematoxylin and eosin; IHC, 
immunohistochemistry.
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Conclusions

We conclude that there is no direct/clear association 
between DICER1 alteration and H3K27me3 expression, 
as most neoplastic cells in different DICER1-associated 
tumors retain H3K27me3 nuclear staining. Therefore, 
DICER1 mutation status cannot be predicted by the 
immunostaining pattern of H3K27me3 alone. A possible 
association between DICER1 alteration and H3K27me3 
loss in these foci cannot be excluded. However, we believe 
that loss of H3K27me3 represents an altered epigenetic 
status of neoplastic cells rather than an effect of DICER1 
alteration (i.e., these findings will be present in tumors 
with loss of H3K27me3 regardless of DICER1 status). We 
also confirmed consistent variable loss in a subset of cells 
in DICER1-associated intracranial sarcoma as a possible 
ancillary diagnostic aid. Mosaic regional loss of H3K27me3 
immunostaining is consistent across PPB type II and III, 
which might be a helpful marker in the diagnostic workup 
of these tumors. However, the heterogeneity of the staining 
and the small number of cases in each category in our study 
preclude any meaningful conclusions. Therefore, further 
investigation using a larger cohort is needed to understand 
the significance of H3K27me3 staining.
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