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Abstract

Background: Metaplastic carcinoma is an aggressive, triple-negative breast cancer (TNBC) with 

differentiation towards squamous, spindle, or mesenchymal cell types. The molecular 

underpinnings of the histological subtypes are unclear. Our lab discovered a cytoplasmic function 

of EZH2, a transcriptional repressor, whereby pEZH2 T367 binds to cytoplasmic proteins in 

TNBC cells and enhances invasion and metastasis. Here, we investigated the expression and 

subcellular localization of pEZH2 T367 protein in metaplastic carcinomas.
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Methods: Thirty-five metaplastic carcinomas (17 squamous, 10 mesenchymal, and 8 spindle) 

were evaluated and immunostained with anti-pEZH2 T367. We analyzed staining intensity (score 

1–4), subcellular localization (nuclear/cytoplasmic), and localization within the tumor (center/

invasive edge). Protein expression of pEZH2 T367-binding partners was measured from a 

quantitative multiplex proteomics analysis performed in our lab.

Results: Cytoplasmic pEZH2 T367 was significantly upregulated in squamous (14 of 17, 82%) 

compared to mesenchymal (4 of 10, 40%) and spindle (2 of 6, 33%) subtypes (p=0.011). Twenty-

five of 34 (73%) tumors with available tumor–normal interface showed accentuated cytoplasmic 

pEZH2 T367 at the infiltrative edge. Cytoplasmic pEZH2 T367 was upregulated in 9 of 10 (90%) 

tumors with lymph node metastasis (p=0.05). Bioinformatics analyses identified an EZH2 protein 

network in metaplastic carcinomas (p value: <1.0e-16). Using quantitative proteomics, we found 

significantly increased expression of cytoplasmic EZH2-binding partners in squamous compared 

to spindle and mesenchymal subtypes.

Conclusions: pEZH2 T367 expression and subcellular localization may be useful to distinguish 

metaplastic carcinoma subtypes. pEZH2 T367 may play a role in the histological diversity and 

behavior of these tumors.
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Introduction

Metaplastic breast carcinoma is an aggressive subtype of triple-negative breast cancer 

(TNBC) in which part or all of the carcinomatous epithelium exhibits differentiation towards 

metaplastic, non-glandular, component(s) [1, 2]. The metaplastic component(s) may be 

spindled, squamous, or mesenchymal which includes chondroid and/or other heterologous 

components such as osseous differentiation [3]. Metaplastic carcinomas are rare, accounting 

for approximately 1% of breast carcinomas. However, they may constitute up to 14% of 

tumors in women of African descent [4, 5]. Compared to non-metaplastic TNBC, 

metaplastic tumors have poorer prognosis, greater chemoresistance, and increased 

propensity for metastasis [5–7]. Studies suggest that histological subtype may influence 

prognosis [8–11]. The molecular underpinnings for the aggressive clinical features of 

metaplastic carcinomas are not fully understood.

The Polycomb Group Protein Enhancer of Zeste Homologue 2, EZH2, maintains heritable 

gene expression profiles. EZH2 binds to members of the Polycomb Repressive Complex 2 

(PRC2) including EED and SUZ12, and deposits trimethyl marks on histone tails of lysine 

27 of histone H3 (H3K27me3) leading to transcriptional repression of target genes [12]. In 

this manner, EZH2 regulates cell-type identity and differentiation. EZH2 overexpression 

occurs in solid and hematologic malignancies including breast cancer [4, 13–16]. Our lab 

and others have demonstrated that EZH2 overexpression in invasive breast carcinomas is 

associated with aggressive behavior, ER negative status, and worse clinical outcome 

compared to tumors with low EZH2 expression [13, 17].
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Recent studies have shown that the oncogenic function of EZH2 in breast cancer may be 

regulated by phosphorylation and/or may involve H3K27me3-independent mechanisms. For 

example, CDK1 phosphorylates EZH2 at T487 in TNBC cells leading to disruption of EZH2 

binding to PRC2 and inhibition of EZH2 histone methyltransferase activity [18]. CDK2 also 

phosphorylates EZH2 at T416 which induces differentiation towards a TNBC basal-like 

phenotype by changing the transcriptomic profiles [19]. Our laboratory has discovered that 

in a subset of TNBC tumors p38 Mitogen-Activated Kinase (MAPK) phosphorylates EZH2 

at T367 leading to pEZH2 T367 cytoplasmic localization and binding to cytoplasmic 

proteins with roles in actin-binding, cell adhesion, and cytosolic functions in an H3K27me3-

independent manner. We found that EZH2 phosphorylation at T367 is necessary for the 

metastasis-inducing function of EZH2 [20]. In this study, we hypothesized that metaplastic 

carcinomas may exhibit pEZH2 T367 expression in the cytoplasm and that the subcellular 

localization of pEZH2 T367 may be associated with the tumor histopathology and 

prognosis.

Materials and methods

Tissue collection and immunohistochemistry

Thirty-five cases of metaplastic breast carcinomas with available blocks from 1988 to 2015 

were identified in the surgical pathology files at the University of Michigan Pathology 

Department with IRB approval (HUM0005330). All slides were reviewed and tumors 

classified according to the predominant metaplastic component into spindle, squamous, or 

mesenchymal (chondroid and/or osseous) independently reviewed by three pathologists 

(SLS, ERM, and CGK). Five micron-thick paraffin-embedded sections were de-paraffinized 

in xylene and rehydrated through graded alcohols to water. Heat-Induced Epitope Retrieval 

(HIER) was performed in the Decloaking Chamber (Biocare Medical) with FLEX FTRS 

Low pH Retrieval buffer, pH 6.1 (Dako, North America). Slides were incubated in 3% 

hydrogen peroxide for 5 min to quench endogenous peroxidases. Rabbit polyclonal anti-

pEZH2 T367 generated and validated in our lab[20] was incubated (1:8000) with the 

sections for 1 h at room temperature. Antibodies were detected with Envision+HRP Labeled 

Polymer (DakoCytomation) for 30 minutes at room temperature. HRP staining was 

visualized with the DAB+Kit (DakoCytomation). Negative control slides were run. Slides 

were counterstained in hematoxylin, blued in running tap water, dehydrated through graded 

alcohols, cleared in xylene and then mounted with Permount.

pEZH2 T367 staining was evaluated at least twice by three pathologists (SLS, ERM, and 

CGK) blinded to tumor stage and clinical information. pEZH2 T367 was evaluated for 

intensity, subcellular localization (nuclear and/or cytoplasmic), and localization within the 

tumor (central and/or peripheral at the edge of the tumor). We employed a 4 tiered scoring 

system: score 0 no staining, score 1 weak staining, score 2 moderate staining, and score 3 

strong staining, with 0–1 classified as low, and 2–3 as high based on our previous studies 

[20]. Statistical analyses using chi-square and two-tailed t test were performed, and a p value 

of ≤0.05.
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Bioinformatics analyses of metaplastic breast carcinoma proteomics data

We analyzed the expression of EZH2 protein and reported pEZH2 T367-binding protein 

partners by analyzing a comprehensive proteomics dataset of metaplastic breast carcinomas 

recently generated by our group [21]. We employed gene ontology (GO) over-representation 

tests (GO annotations: biological process, molecular function, cellular compartment, protein 

domain) in PANTHER (v14.1) and STRING (v11.0) databases to perform enrichment 

analyses, identify protein-protein networks, and to elucidate the top GO biological processes 

associated with the EZH2 pathway proteins expressed in metaplastic breast carcinomas.

For patient-stratified analyses of protein expression in individual metaplastic tumors in the 

proteomics dataset, we employed one-way ANOVA statistical analysis between multiple 

groups. For all tests, a p value of <0.05 was considered statistically significant.

TCGA analysis

Correlation analysis between EZH2 and EZH2 cytoplasmic-binding proteins that we 

identified in our previous studies [17, 20, 22, 23] (SYNE2, APS8, MLPH, MYO1F, 

VCL,DBNL, EPS8L2, MAPK13, MAPK14, and AKT1) was performed by DSC and SV 

using RNA-seq data from The Cancer Genome Atlas (TCGA). TCGA assembler [24] was 

used to download clinical patient data and Level 3 RNA-seq data (scaled estimate for each 

sample) related to primary invasive breast carcinomas (BRCA). Transcript per million 

(TPM) value for each gene was obtained by multiplying the scaled estimate by 1×106. TPM 

values related to metaplastic carcinoma of the breast (n=9) were considered for correlation 

analysis. Pearson correlation analyses was performed using R. The scatter plots were 

generated using “ggpubr” (https://cran.r-project.org/web/packages/ggpubr/index.html) R 

package.

Results

pEZH2 T367 protein is differentially upregulated in the cytoplasm of squamous metaplastic 
carcinomas compared to the spindle and mesenchymal subtypes

The 35 metaplastic carcinomas in this study consisted of 17 squamous, 10 mesenchymal, 

and 8 spindle subtypes. All patients were female, with a median age of 54 years old, 10 

patients developed lymph node metastasis, and 7 distant metastases, most frequent to the 

lung and pleura (4/7). Clinical and pathological features are in Table 1.

pEZH2 T367 protein is upregulated in 25 (71.4%) and low in 10 (28.6%) of the metaplastic 

carcinomas. Of the 25 tumors with upregulated pEZH2 T367 expression, 17 (68%) tumors 

display low nuclear and high cytoplasmic expression, 5 (29%) exhibit high nuclear and low 

cytoplasmic, and 3 (12%) have high expression in the nucleus and in the cytoplasm.

We found that high cytoplasmic pEZH2 T367 is significantly associated with squamous (14 

of 17, 82%) compared to mesenchymal (4 of 10, 40%) and spindle (2 of 6, 33%) histological 

subtypes (p=0.011). In contrast, high nuclear pEZH2 T367 is significantly associated with 

mesenchymal histology (6 of 10, 60%), compared with spindle (1 of 8, 12.5%) and 

squamous tumors (1 of 17, 6%) (p=0.004). The majority of spindle metaplastic carcinomas 
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showed low pEZH2 T367 in the nucleus and in the cytoplasm (Fig. 1a–b). The relationship 

between pEZH2 T367 expression in the nucleus and the cytoplasm with the histological 

subtype of metaplastic carcinoma is summarized in Table 2. Taken together, these data show 

that the histological subtypes of metaplastic carcinoma exhibit distinct patterns of pEZH2 

T367 expression and subcellular localization.

Cytoplasmic pEZH2 T367 is increased at the invasive front of metaplastic carcinomas and 
is associated with the presence of lymph node metastasis

Our previous studies showing that pEZH2 T367 expression in the cytoplasm enhances breast 

cancer migration and invasion [20], led us to hypothesize that the phosphorylation event may 

be more frequent in the cancer cells at the invasive front of the tumor. Towards this, we 

analyzed pEZH2 T367 staining at the leading edge of each metaplastic carcinoma in whole 

tissue sections, focusing mainly in the cytoplasmic pEZH2 T367 expression. Of the 34 

sections with available tumor-normal interface, 25 (73%) showed accentuated cytoplasmic 

pEZH2 T367 at the infiltrative edge. These included 12 squamous, 9 mesenchymal, and 4 

spindle subtypes. The average intensity score of cytoplasmic pEZH2 T367 was significantly 

higher compared to the center of the tumor (average intensity score of 2.7 vs. 1.2 at the 

periphery and center, respectively, p value <0.001) (Fig. 2a–b). Although 25 of 34 

metaplastic carcinomas demonstrated peripheral accentuation, 8 still demonstrated overall 

low cytoplasmic expression of pEZH2 T367 (value <2).

Lymph node metastasis developed in 10 of 30 cases (33%) with available clinical 

information. We found that metaplastic carcinomas with squamous differentiation had a 

significantly higher frequency compared to spindle and mesenchymal (9/16, 56% compared 

to 0/6 (0%) and 1/8 (12.5%), p=0.016). High cytoplasmic pEZH2 T367 was significantly 

associated with lymph node metastasis, detected in 9 of 10 tumors with lymph node disease 

(p=0.05). Distant metastases developed in 5 of 15 (33.3%) squamous and in 2 of 8 (25%) 

spindled metaplastic carcinomas. No distant metastases were recorded in the mesenchymal 

tumors for the available follow up period. Although high cytoplasmic pEZH2 T367 was 

observed in 5 of 7 (71%) of tumors that metastasized to distant sites, this association did not 

reach statistical significance.

Metaplastic carcinomas display a predicted EZH2 protein–protein interaction network of 
nuclear and cytoplasmic partners

Based on the above results, we set out to investigate whether EZH2 is predicted to interact 

with cytoplasmic proteins in metaplastic carcinomas. Leveraging a robust bioinformatics 

approach, we interrogated our recently generated quantitative proteomics profile of 

metaplastic carcinomas consisting of 5798 individual proteins [21] for expression of well-

established EZH2 nuclear and cytoplasmic interacting proteins. The latter include the 

pEZH2 T367 cytoplasmic binding proteins that we have reported using MDA-MB-231 

TNBC cells, which recapitulate the basal-like and EMT features of metaplastic carcinomas 

[20], as well as those reported in other studies[22, 23, 25]. As shown in Fig. 3, metaplastic 

carcinomas display a predicted enriched EZH2 protein network with high significance that 

includes nuclear as well cytoplasmic proteins (PPI enrichment p value<0.1e-16). Enrichment 

analysis demonstrated that the top 15 altered pathways associated with the network proteins 
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include nuclear processes such as epigenetic regulation, chromatin organization, and 

transcription, as well as cytoplasmic pathways including cell-cell junction organization 

assembly, cytoskeletal organization, and caveolin-mediated endocytosis (Table 3). 

Supporting these findings, analysis of the nine metaplastic carcinomas available in the 

TCGA databases show a significant positive correlation between EZH2 mRNA and mRNA 

expression of MAPK13 (p38δ isoform), which exhibits a predominant cytoplasmic 

localization in breast cancer (Pearson CC=0.94, P value=0.00012), as well as positive but 

non-statistically significant correlations with EPS8, EPS8L2, MAPK14, TLN1, SYNE2, 

MLPH, and AKT1 (Supplementary Figure 1).

Patient-stratified analysis of quantitative proteomics reveals differential expression of 
cytoplasmic EZH2-binding partners in metaplastic carcinoma subtypes

Analysis of the expression of cytoplasmic EZH2 interacting proteins in the 14 individual 

tumors subjected to quantitative proteomics showed upregulation of cytoplasmic pEZH2 

T367 binding partners in metaplastic carcinomas with squamous differentiation compared to 

tumors with mesenchymal elements (p value=0.002) (Figure 4a–b). Among the upregulated 

EZH2 cytoplasmic interactors are the actin binding proteins MYO1B, MYO1D, MYO1F, 

DBNL, and TLN1 involved in cytoskeletal organization, cell migration and adhesion [26], 

and the oncogenic signal transduction proteins AKT1 and MAPK13 (p38δ).

Discussion

Metaplastic breast carcinomas exhibit defining histopathological features, but the underlying 

molecular alterations are far from understood. At present, these tumors remain a significant 

clinical challenge with unfavorable prognosis and no targeted therapies [5, 7, 27]. Our study 

provides evidence that pEZH2 T367 is upregulated in the nucleus and cytoplasm of 

metaplastic carcinomas, and that cytoplasmic pEZH2 T367 upregulation is a feature of 

tumors with squamous differentiation compared to the other subtypes, and is associated with 

lymph node metastasis.

While the cell of origin of metaplastic carcinomas of the breast is still unclear, their 

differentiation along different cell types (e.g. spindle, squamous, chondroid, osseous) and 

aggressive clinical course suggest that alterations in cell type identity and of pathways that 

regulate cell migration and invasion may be important in these tumors. Our laboratory has 

recently reported a quantitative proteomic landscape of metaplastic breast carcinomas, with 

an important observation being that compared to non-metaplastic TNBCs, metaplastic 

carcinoma subtypes share deregulated profiles including epithelial-to-mesenchymal 

transition, extracellular matrix, and metabolic pathways. We identified that the subtypes 

exhibit distinct upregulated profiles, including translation and ribosomal proteins in spindle, 

inflammation and apical junction-related proteins in squamous, and extracellular matrix 

proteins in mesenchymal tumors [21]. These data suggest that while metaplastic carcinomas 

may share initial molecular events, each subtype may have a unique and active 

differentiation program.

One of the main regulators of cell differentiation across species is the Polycomb group 

protein EZH2. EZH2 possesses the enzymatic activity of the Polycomb Repressive Complex 
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2 (PRC2) leading to trimethylation of histone H3 to induce transcriptional repression of 

target genes. Studies have demonstrated that upregulation of EZH2 has tumorigenic 

functions in breast cancer, especially in TNBC by enhancing initiation, proliferation, 

invasion and metastasis [13, 22, 23]. Recently, our lab has reported that EZH2 may undergo 

T367 phosphorylation by p38 MAPK in a subset of TNBC tumors, which initiates a non-

canonical cytoplasmic pathway by which pEZH2 T367 binds to cytoplasmic proteins and 

mediates migration, invasion, and metastasis in mouse models [20]. In this study, we found 

that 71.4% of metaplastic carcinomas display upregulation of pEZH2 T367 in the nucleus 

and/or in the cytoplasm, and that the subcellular localization of pEZH2 T367 expression 

varies according to the differentiation of the metaplastic component. Specifically, tumors 

with squamous differentiation are significantly more likely to have the combination of high 

cytoplasmic/low nuclear pEZH2 T367, while mesenchymal tumors exhibit frequent low 

cytoplasmic/high nuclear, and spindle tumors show low cytoplasmic/low nuclear pEZH2 

T367.

Studies have suggested that the histological subtypes of metaplastic breast carcinomas may 

have different clinical behavior, with high-grade spindle tumors having a worse prognosis 

than those with mesenchymal differentiation or production of cartilaginous and or osseous 

matrix [2, 8, 9, 11, 28, 29]. Leyrer and colleagues reported that the majority of metaplastic 

carcinomas with lymph node metastasis had squamous differentiation [30]. Despite the small 

number of cases, of the 25 patients with available follow-up information, 10 had lymph node 

metastasis, 9 of which were squamous and 1 mesenchymal. We found that high cytoplasmic 

pEZH2 T367 was significantly associated with lymph node metastasis. Consistent with the 

function of pEZH2 T367 in migration and invasion that we identified in laboratory studies 

[20], we found that pEZH2 T367 expression is accentuated at the advancing front of the 

metaplastic carcinomas compared to the center of the tumors.

The relevance of cytoplasmic EZH2 expression and function is further supported by analyses 

of our proteomics landscape data in this study. Using an independent quantitative proteomics 

dataset generated in our lab using tandem mass tag (TMT) based proteomics on 14 human 

metaplastic carcinomas, we identified that EZH2 and a network of known interacting 

proteins are enriched in metaplastic carcinomas, and that cytoplasmic binding partners are 

specially upregulated in tumors with squamous differentiation. Pathway analyses revealed 

that metaplastic carcinomas exhibit deregulation of pathways involved in cell differentiation 

and in cytoskeletal organization and migration.

A limitation of this study is the small sample size, reflecting the infrequent presentation of 

metaplastic carcinomas. However, our cohort of 35 tumors allowed investigation of the 

association between pEZH2 T367 and clinical and pathological features. The independent 

group of 14 metaplastic carcinomas subjected to quantitative proteomics provided additional 

support for the presence of pEZH2 T367 cytoplasmic interacting proteins in squamous 

metaplastic carcinomas compared to mesenchymal tumors. In summary, our data suggest 

that expression and localization of pEZH2 T367 differs according to the differentiation of 

the metaplastic component and is associated with lymph node metastasis. These findings 

suggest a subtype specific role for pEZH2 T367 with diagnostic and clinical implications.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1. pEZH2 T367 is differentially expressed in the nucleus and/or the cytoplasm of 
metaplastic carcinoma histopathological subtypes.
a. Representative images of metaplastic carcinomas including squamous subtype with 

cytoplasmic pEZH2 T367, mesenchymal subtype with chondroid differentiation and nuclear 

expression of pEZH2 T367, and spindle subtype with low nuclear and cytoplasmic pEZH2 

T367. b. The bar graphs show quantification of the immunostaining results of 35 metaplastic 

carcinomas, revealing statistically significant differences in pEZH2 T367 subcellular 

localization according to the histological subtype.
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Figure 2. Metaplastic carcinomas show accentuated cytoplasmic pEZH2 T367 at the infiltrative 
edge compared to the center of the tumor.
a. Representative images of a metaplastic carcinoma with squamous differentiation 

demonstrating upregulated expression of cytoplasmic and nuclear pEZH2 T367 at the 

infiltrative edge, compared to the low expression in the center of the tumor (H&E 2x, 

pEZH2 T367 40x). b. Bar graph shows quantification of the staining intensity for 

cytoplasmic pEZH2 T367 at the center and the periphery of whole sections of 25 tumors 

with available tumor-normal interface (average intensity score 2.7 vs. 1.2 at the periphery 

and center, respectively, p<0.001).
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Figure 3. Predicted interaction network of EZH2 nuclear and cytoplasmic interacting proteins in 
metaplastic carcinomas.
Enrichment analysis in STRING database (v11.0) of a recently reported quantitative 

proteomics landscape of metaplastic carcinomas [21] predicts the presence of EZH2 nuclear 

and cytoplasmic networks of EZH2 based on topological features from protein-protein 

interactions (p value < 1.0e-16). Selection of nuclear and cytoplasmic proteins were based 

on the literature [31, 32] and our recent study [20], respectively. Average clustering 

coefficients for canonical (0.84), non-canonical (0.63) and both clusters (0.66) represent a 

correlation representative of distinct EZH2 mechanisms.
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Figure 4. Expression of EZH2 cytoplasmic interacting proteins in metaplastic carcinomas using 
unsupervised protein expression analysis.
a. Heatmap showing increased expression of reported EZH2 cytoplasmic interacting proteins 

in squamous compared to mesenchymal subtypes of metaplastic carcinoma. The heatmaps 

shows fold change values of each patient relative to the average of normal breast tissues. 

Key markers for each hallmark signature have been previously reported [20, 25, 33–38]. b. 
Bar graph shows quantification of fold change in protein expression according to 

histological metaplastic carcinoma subtype. One-way ANOVA statistical analyses were 

performed between each subtype, where p<0.05 was considered significant (*).
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Table 1.

Summary of clinical and pathological information on the 35 patients with metaplastic carcinoma of the breast 

included in this study

Characteristics

No. of patients 35

Median age 54

Pathologic stage, n (%)

 I/II 22 (63%)

 III/IV 8 (23%)

 Unknown 5 (14%)

Median tumor size, cm, (range) 2.5 (0.5–10.5)

Estrogen Receptor, n (%)

 Negative 30 (86%)

 Positive 1 (3%)*

 Unknown 4 (11%)

Progesterone Receptor n (%)

 Negative 31 (89%)

 Positive   0 (0%)

 Unknown 4 (11%)

HER2/neu overexpression, n (%)

 Negative 25 (71%)

 Positive 0 (0%)

 Unknown 10 (29%)

Lymph node metastasis, n(%) and subtype

 Negative 20 (57%)

 Positive 10 (29%), 9 squamous, 1 chondroid

 Unknown   5 (14%)

Site of distant metastasis, n and subtype

 Lung and pleura 4 – 2 squamous, 2 spindled

 Vertebra 1 - Squamous

 CNS 1 - Squamous

 Soft tissue (neck) 1 - Squamous

Predominant metaplastic component, n(%)

 Squamous 17 (49%)

 Spindle   8 (23%)

 Mesenchymal 10 (28%)

  Osseous   1 (3%)

  Chondroid   9 (26%)

Histologic grade, n (%)

 1   0 (0)

 2   6 (17)

 3 26 (74)
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Characteristics

 Unknown   3 (9)

*
ER positive cells were approximately 5% tumor cells
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Table 2.

Nuclear and cytoplasmic pEZH2 T367 expression in relationship to histological subtype of metaplastic 

carcinoma

Histological Subtype (n) NHigh /Chigh NHigh /CLow NLow /CHigh NLow /CLow

Squamous (17) 1 (5.9%) 0 13 (76.4%) 3 (17.6%)

Sarcomatoid (10) 2 (20%) 4 (40%) 2 (20%) 2 (20%)

Spindle (8) 0 1 (12.5%) 2 (25%) 5 (62.5%)

p=0.002
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Table 3.

Enrichment analyses with biological functions of top 15 altered biological pathways (REACTOME).

Top GO Biological Process P value

Regulation of cell cycle process, G0 to G1 transition 3.8E-09

Epigenetic regulation 3.18E-08

Chromatin organization 5.75E-07

Organelle and cellular component organization 5.12E-07

Gland development 7.61E-05

Regulation of transcription, DNA-templated 7.9E-05

Regulation of RNA metabolic process 0.00019

Cell-cell junction organization and assembly 0.00073

Mesenchyme migration 0.0019

Caveolin-mediated endocytosis 0.0019

Cytoskeletal organization and anchoring at nuclear membrane 0.0028

Actin filament organization and support 0.0039

Mammary gland epithelial cell differentiation 0.0064

Regulation of cell migration 0.0155

Stem cell differentiation 0.014
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