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ABSTRACT

Aims Recent reports have identified recurrent MED12
somatic mutations in fibroadenomas and phyllodes
tumours. The frequency and type of somatic mutations
were noted to be similar to those of uterine leiomyomas.
We aimed to investigate protein expression of MED12,
correlating it to MED 12 mutational status and expression
of oestrogen receptors (ER).

Methods Immunohistochemistry was performed on a
total of 232 fibroepithelial lesions (100 fibroadenomas,
132 phyllodes tumours) diagnosed at the Department of
Pathology, Singapore General Hospital using MED12,
ERa and ERP antibodies. Expressions were evaluated in
both stroma and epithelium, and correlated with MED12
mutational status.

Results MED12 mutation was significantly associated
with high MED12 protein expression (H-score >150) in
the stroma (p=0.029), but not in the epithelium. It was
not associated with ERa. and ERB protein expression in
both stroma and epithelium. MED12 protein expression
was significantly correlated with ERot in epithelial
(p=0.007) and ERB in stromal (p=0.049) components.
MED12 was not significantly different between
fibroadenomas and phyllodes tumours. Epithelial
expression of ERo. was significantly higher in
fibroadenomas (p<0.001) than in phyllodes tumours.
Conversely, both epithelial and stromal expression of
ERB was significantly higher in phyllodes tumours
(p<0.001).

Conclusions Positive associations observed between
MED12 and ERc, ERB immunohistochemical expression
suggest a biological interplay between the proteins. The
lack of significant association of MED12 mutation with
ER protein expression indicates a need to further explore
the functional impact of MED12 mutations on the ER
signalling pathway in breast fibroepithelial lesions.

INTRODUCTION

Breast fibroepithelial lesions are biphasic neoplasms
comprising a proliferation of both epithelial and
stromal components. Fibroadenomas and phyllodes
tumours are the two major entities of fibroepithe-
lial lesions. Our recent studies reported frequent
somatic MED12 mutations in both fibroadenomas
(59%) and phyllodes tumours (62.5%)." > MED12
encodes for the mediator complex subunit 12
(MED12) protein, which assembles with other sub-
units to form a large protein complex known as the

mediator complex. The evolutionarily conserved
26-subunit mediator complex plays a central role in
regulating transcriptional processes, which are vital
for protein coding.® Besides, the mediator complex
is also an essential coactivator for a broad range of
nuclear hormone receptors.* Prenzel et al® reported
a decrease in oestrogen receptor o (ERa) protein
levels and a significant impairment to oestrogen-
regulated transcriptome following knockdown of
the MED12 gene in MCF7 breast cancer cell lines.’
Kang et al® demonstrated that the mediator
complex interacts directly with ERo. and ERp and
enhances receptor function in vitro. Together with
our previous finding of MED12 mutations being
associated with dysregulated oestrogen signalling,’
we set out to investigate the protein expression of
MED12 in breast fibroepithelial lesions, correlating
the findings with MED12 mutational status and ER
expression.

MATERIALS AND METHODS

Samples

A total of 232 fibroepithelial lesions was included
in this study, of which 100 and 132 cases were
fibroadenomas and phyllodes tumours (77 benign,
41 borderline, 14 malignant), respectively. These
cases were partly derived from our previous study
cohorts." * Samples were obtained from the
archives of the Department of Pathology, Singapore
General Hospital with ethics approval from the
Centralized Institutional Review Board (CIRB
2005/002/F). Cases were reviewed and subtyped
using criteria recommended by the WHO classifica-
tion of breast tumours.” Briefly, phyllodes tumours
are diagnosed when there is presence of fronded
architecture accompanied by increased stromal cel-
lularity. The benign phyllodes tumour has mild
stromal cellularity and nuclear atypia, pushing
borders, without stromal overgrowth and four or
less mitoses per 10 high-power fields. The malig-
nant phyllodes tumour is diagnosed when there is
marked stromal cellularity and nuclear atypia, pres-
ence of stromal overgrowth, permeative margins
and mitoses of 10 or more per 10 high-power
fields. The borderline phyllodes tumour has inter-
mediate features between benign and malignant
tumours. Fibroadenomas are fibroepithelial neo-
plasms without the presence of fronded architec-
ture and increased stromal cellularity.
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Table 1 Details and optimised conditions for MED12, ERc and ERp antibodies
Incubation

Antibody Source Clone Dilution time Pretreatment Automation system  Localisation  Threshold defined
MED12 Bethyl Polyclonal  1:500 30 min Citrate pH 6.0 at 120°C for  Dako Autostainer Nucleus High: H-score 150 and above

Laboratories 5 min Plus

(A300-774A)
ERo. Neomarker SP1 1:100 32 min Mild CC1 pH 9.0 at 100°C  Ventana BenchMark ~ Nucleus Positive: at least 1%

(NM RM9101-S) for 30 min ULTRA immunoreactive tumour nuclei
ERB Abcam (ab288)  14C8 1:200 1h Citrate pH 6.0 at 98°C for Dako Autostainer Nucleus and  Positive: at least 1%

15 min Plus cytoplasm immunoreactive tumour nuclei

ER, oestrogen receptor.

Immunohistochemistry and evaluation

Whole sections of 4 um thickness were cut from formalin-
fixed, paraffin embedded (FFPE) tissue blocks onto charged
slides (Leica Biosystems, Richmond, IL, USA). Sections were
deparaffinised with two changes of xylene and graded alcohols.
Then, tissues were pretreated with heat-induced epitope
retrieval method before immunohistochemistry was performed.
Briefly, endogenous peroxidase activity was blocked with
hydrogen peroxide followed by primary antibody incubation
with optimised dilution and time as shown in table 1. Breast
carcinoma acted as positive control for all antibodies, while
negative control was achieved by omission of primary antibody
on breast carcinoma tissue.

Slides were scanned with IntelliSite Pathology Ultra Fast
Scanner (Philips Digital Pathology Solutions, The Netherlands)
and viewed with IMS Viewer (Philips, The Netherlands).
Staining was evaluated by two independent observers blinded to
clinical data and mutation status. MED12 and ERa expression
was assessed in the nucleus, while ERB expression was assessed
in the nucleus and cytoplasm separately. Epithelial and stromal
expression was examined separately. Intensity and percentage of
tumour cells stained were assessed. A four-tiered staining inten-
sity was employed—no expression, weak expression, moderate
expression and strong expression. Semiquantitative H-score®
was derived, taking into account both staining intensity and per-
centage of tumour cells stained, with the following equation:
H-score=(1Xx% of tumour cells with weak staining)+(2x% of
tumour cells with moderate staining)+(3X% of tumour cells

Table 2 Characteristics of study cohort

with strong staining). Associations between MED12 and ERa,
ERB immunohistochemical expression were assessed using
H-score as a continuous variable to determine the strength of
relationship. For comparisons of immunohistochemical expres-
sion between wild-type and mutant MED12 tumours, categor-
ical data were employed. High MED12 protein expression was
defined as H-score 150 and above using a systematic exploration
of thresholds in this study. ERa: and ERB positivity was defined
by at least 1% immunoreactive nuclei.”

Immunohistochemistry for caldesmon on a case of fibroaden-
oma that expressed ERa in the stroma was performed using the
BOND-MAX (Leica Biosystems, Germany) automated system.
Caldesmon (Dako M3557) antibody was applied in a dilution
of 1:70 for 20 min after the tissue section was pretreated with
ER1 pH 6.0 solution at 100°C for 20 min. Staining was visua-
lised using the Bond Polymer Refine Detection system (Leica
Biosystems).

Mutation analysis of MED12 exon 2

Samples were interrogated for mutational status of MED12, spe-
cifically targeting exon 2 as previously reported.! # Briefly, DNA
extraction was performed with the QIAamp DNA FFPE Tissue
Kit (Qiagen, The Netherlands) according to manufacturer’s
protocol. Amplicons were generated and pooled with the Access
Array System (Fluidigm, San Francisco, California, USA).
Ultradeep targeted sequencing was performed on the MiSeq
instrument (Illumina, San Diego, CA, USA) using MiSeq
Reagent Kit V3 (Illumina, USA). Resulting reads were aligned

Phyllodes tumour

Parameters All cases Fibroadenoma Benign Borderline Malignant p Value
Median age (range), years old 39 (15-79) 32 (19-54) 40 (16-67) 44 (15-79) 51 (20-68) <0.001*; 0.023t
Median tumour size (range), mm 30 (6-250) 25 (6-55) 35 (13-180) 50 (20-250) 70 (20-220) <0.001*; 0.002t
Ethnicity, count (%) 0.704*; 0.173t
Chinese 139 (59.9) 60 (60) 44 (57.1) 29 (70.7) 6 (42.9)
Malay 29 (12.5) 12 (12) 11 (14.3) 2 (4.9) 4 (28.6)
Indian 16 (6.9) 9 (9) 6 (7.8) 1(.4) 0 (0)
Others 48 (20.7) 19 (19) 16 (20.8) 9 (22.0) 4 (28.6)
MED12 variant, count (%) 0.246*; 0.5821
Wild type 78 (36.8) 36 (41.9) 23 (31.5) 13 (32.5) 6 (46.2)
Mutant 134 (63.2) 50 (58.1) 50 (68.5) 27 (67.5) 7 (53.8)
Missense 103 40 38 22 3
Indels 26 8 5 4
Splice site 5 2 3 0 0

*Fibroadenomas versus phyllodes tumours.
tBenign versus borderline versus malignant phyllodes tumours.
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Table 3 Protein expression of MED12 and ER in tumours with wild-type MED12 and mutant MED12

Type of mutation

MED12 MED12
wild-type mutants Missense Indels Splice site p Value

MED12 protein expression in stroma (N=212)

Low (H-score <150) 12 (15.4) 8 (6) 3(2.9) 4 (15.4) 1(20) 0.029*

High (H-score >150) 66 (84.6) 126 (94) 100 (97.1) 22 (84.6) 4 (80) 0.023t
MED12 protein expression in epithelium (N=211%)

Low (H-score <150) 4 (5.1) 5(3.8) 2 (1.9) 2 (8.0) 1 (20) 0.729*

High (H-score >150) 74 (94.9) 128 (96.2) 101 (98.1) 23 (92.0) 4 (80) 0.054t
ERa in epithelium (N=168)

Negative 2 (3.1) 9 (8.7) 7 (8.3) 2 (11.1) 0 (0) 0.209*

Positive§ 62 (96.9) 95 (91.3) 77 (91.7) 16 (88.9) 2 (100) 0.845t
ERB in epithelial nucleus (N=168)

Negative 11 (17.2) 12 (11.5) 11 (13.1) 1(5.6) 0 (0) 0.357*

Positive§ 53 (82.8) 92 (88.5) 73 (86.9) 17 (94.4) 2 (100) 0.579t
ERB in epithelial cytoplasm (N=168)

Negative 27 (42.2) 39 (37.5) 32 (38.1) 6 (33.3) 1 (50) 0.626*

Positive§ 37 (57.8) 65 (62.5) 52 (61.9) 12 (66.7) 1 (50) 0.870t
ERB in stromal nucleus (N=168)

Negative 41 (64.1) 62 (59.6) 50 (59.5) 10 (55.6) 2 (100) 0.626*

Positive§ 23 (35.9) 42 (40.4) 34 (40.5) 8 (44.4) 0 (0) 0.478t
ERB in stromal cytoplasm (N=168)

Negative 53 (82.8) 85 (81.7) 72 (85.7) 11 (61.1) 2 (100) 1.000*

Positive§ 11 (17.2) 19 (18.3) 12 (14.3) 7 (38.9) 0 (0) 0.039t

*MED12 wild-type versus MED12 mutants.

tMissense versus indels versus splice site mutations.

$One malignant tumour was without an epithelial component.
8Positivity was defined by at least 1% immunoreactive tumour nuclei.
ER, oestrogen receptor.

against the reference human genome (hg19) with the Burrows—
Wheeler Alignment tool (V.0.6.2). Variant allele frequencies
exceeding a threshold of 5% were called.

Statistical analysis
Mann-Whitney U test (H-score as continuous data), x> and
Fisher’s exact tests (H-score as categorical data) were performed

Figure 1

to evaluate differences between MED12 protein expression of
wild-type and mutant MED12 tumours. Associations between
MED12, ERa and ERB protein expression were analysed with
Spearman’s correlation test. Differential expression of MED12,
ERo and ERB between fibroadenomas and phyllodes tumours
was assessed with Fisher’s exact test. All analyses were per-
formed with PASW Statistics for Windows, V.18.0 (SPSS).

GATGAACTGACGGCCTTGAATGTAAAACAAGGTTTCAATAACCAGCCTGCTGTC
D E|(L/ITALNVKAQGFNNOQPAV

MED12 exon 2

l point mutation

GATGAACTGACGGCCTTGAATGTAAAACAAGTTTTCAATAACCAGCCTGCTGTC

(8] « ] [ - [] v i o [&] =[] » ] » [&] v (5

MED12 exon 2

GATGAACTGACGGCCTTGAATGTAAAACAAG G HFEAATAAEEAGEEFSETGTC

ol € L7 (A| LN/ v K o o+ In{]al »]alv
| MED12 exon 2

l deletion

GATGAACTGACGGCCTTGAATGTAAAACAAGGT  GTC

Bl e ] 7 [l « [a] v ] o = v [

MED12 exon 2

Immunohistochemical protein expression of MED12. (A) MED12 staining was intense in both epithelium and stroma of this benign

phyllodes tumour harbouring a point mutation at codon 44. (B) An area of stromal overgrowth in a malignant phyllodes tumour harbouring an indel
mutation expressing low MED12 protein expression (H-score below 150) in the stroma.
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Figure 2 Immunohistochemical
protein expression of oestrogen
receptor o (ERa) and B (ERB). (A) ERa
is seen in the epithelium, but not in
the stroma in this example of a benign
phyllodes tumour. Other parts of the
tumour disclosed typical phyllodal
fronds with stromal hypercellularity. (B)
Nuclear expression with cytoplasmic
decoration of ERB was observed in the
epithelium of a fibroadenoma.

RESULTS

Characteristics of study cohort

Median age of the study cohort was 39 years, ranging from 15
to 79 years. Patients with fibroadenomas were significantly
younger than patients with phyllodes tumours (p<0.001). No
significant differences were observed between ethnic distribution
and frequency of MED12 mutations of fibroadenomas and phyl-
lodes tumours. As a whole, MED12 mutations were not asso-
ciated with age. Detailed characteristics of the study cohort are
shown in Table 2. However, there was a trend of younger age
associating with mutant MED12 (median age 30) compared
with wild-type MED12 (median age 38) among patients diag-
nosed with fibroadenomas (p=0.061). Among patients with
phyllodes tumours, there were no differences in age at diagnosis
between patients harbouring wild-type MED12 and mutant
MED12 tumours.

MED12 protein immunohistochemical expression in MED12
wild-type and mutant tumours

MED12 protein expression between MEDI12 wild-type and
MED12 mutant tumours was not significantly different in the
stroma, quantified with H-score as a continuous variable. We
further explored a systematic selection of a threshold (H-score
50, 100, 150, 200 and 250) to define high MED12 protein
expression in the stroma in association with mutation status.
At a H-score threshold of 150, MED12 mutant tumours were
significantly associated with high MED12 protein expression in
the stroma (p=0.029). No significant associations were
observed with other thresholds. A stratified analysis of MED12
mutant tumours into different types of mutations (table 3)
revealed high MED12 protein expression in the stroma was
associated with MED12 missense mutations (p=0.023) as
shown in figure 1A. Low MED12 protein expression in the
stroma was associated with MED12 indel mutations and splice
site mutations (figure 1B).

MED12 immunoexpression was also observed in the epithe-
lium of fibroepithelial lesions (figure 1A), with no obvious dif-
ferences observed between wild-type MEDI2 and mutant
MED12 tumours, respectively (p=0.729).

Associations of ERa, ERf immunohistochemical expression
with MED12 mutation status and MED12 protein expression
A subset of 184 cases was available for ERa and ERp protein
expression assessment. ERa. was typically expressed in the epi-
thelium, but was absent in the stroma (figure 2A) except for one
fibroadenoma harbouring wild-type MED12 (figure 3A). Upon
reviewing the case and performing immunohistochemistry for
caldesmon (figure 3B), a smooth muscle component was noted
in the stroma that expressed ERa (figure 3C). Further analysis
for stromal ERa expression was excluded as it was not statistic-
ally viable. On the contrary, ERB was noted in the stroma as
well as in the epithelium, with expression observed in both
nuclei and cytoplasm of fibroepithelial lesions (figure 2B). The
highest ERB expression was observed in epithelial nuclei, fol-
lowed by epithelial cytoplasm, stromal nuclei and stromal cyto-
plasm, with mean H-scores of 22, 6, 3 and 1, respectively.

ERo epithelial expression was positively correlated with
MED12 epithelial expression with Spearman’s coefficient of
0.198 (p=0.007). This association was stronger in fibroaden-
omas than in phyllodes tumours (table 4). A significant positive
correlation between cytoplasmic ERB expression and MED12
nuclear expression was observed in the stroma among fibroaden-
omas with Spearman’s coefficient of 0.198 (p=0.049).
Conversely in phyllodes tumours, a negative correlation was
observed despite not being significant statistically.

Among the 184 cases, 168 cases had MED12 mutation status
available. For correlation with mutational status, ERo. and ERB
expression was classified into two categories employing the
threshold recommended by the American Society of Clinical
Oncology/College of American Pathologists (ASCO/CAP), where
positivity was defined by at least 1% immunoreactive nuclei.’

Figure 3 A case of fibroadenoma with smooth muscle metaplasia. (A) The fibroadenoma shows bundles of smooth muscle fibres amid and
extending beyond sclerosing adenosis. (B) Immunohistochemistry for caldesmon decorates the smooth muscle fibres. (C) Oestrogen receptor o.
immunohistochemistry shows nuclear positivity in the smooth muscle fibres as well as in the nuclei of ductular epithelium.
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Table 4 Spearman'’s correlation analysis for associations between MED12 and ER protein expression*

All cases

Fibroadenomas

Phyllodes tumours

Stromal MED12
expression

Epithelial MED12
expression

Stromal MED12
expression

Epithelial MED12
expression

Stromal MED12
expression

Epithelial MED12
expression

Epithelial ERo.
Epithelial ERB in nucleus

Epithelial ERB in cytoplasm

Stromal ERB in nucleus
Stromal ERB in cytoplasm

0.137 (p=0.063)
0.060 (p=0.419)
0.109 (p=0.142)
0.132 (p=0.075)
0.089 (p=0.231)

0.198 (p=0.007)t
0.090 (p=0.227)
0.034 (p=0.652)
0.055 (p=0.463)
0.042 (p=0.577)

0.089 (p=0.377)
0.061 (p=0.544)
0.150 (p=0.135)
0.156 (p=0.122)
0.198 (p=0.049)

0.246 (p=0.013)t
0.092 (p=0.362)
0.081 (p=0.425)
0.011 (p=0.912)
0.089 (p=0.377)

0.155 (p=0.159)
0.002 (p=0.988)
—0.014 (p=0.897)
0.082 (p=0.459)
—0.036 (p=0.747)

0.142 (p=0.200)
0.023 (p=0.838)
—0.175 (p=0.114)
0.005 (p=0.965)
—0.041 (p=0.714)

*MED12, ERo. and ERB expression measured in H-scores as continuous data.
tStatistically significant.
ER, oestrogen receptor.

Results are shown in table 3. Both ERo and ERB expression was
not significantly different between MED12 wild-type and
MED12 mutant tumours. However, it was noted that among the
MED12 mutant tumours, ERB stromal cytoplasmic positivity
was associated with indel mutations (p=0.039).

Differential immunohistochemical expression of ERa, ERB

and MED12 in fibroadenomas and phyllodes tumours
Expression of stromal and epithelial MED12 was not signifi-
cantly different between fibroadenomas and phyllodes tumours
(table 5). However, MED12 expression in the epithelium was
inversely associated with tumour grade among phyllodes
tumours (p=0.01).

ERo was positive in all fibroadenomas, while only 86.9% of
phyllodes tumours had positive ERa in the epithelium
(p<0.001). Of the 11 ERa-negative cases, 6 (12.5%) were
benign, 3 (10.7%) were borderline and 2 (25%) were malignant

Table 5 Expression of MED12, ERc. and ER in fibroadenomas
and phyllodes tumours

Fibroadenomas  Phyllodes tumours  p Value

MED12 stroma

Low (H-score <150) 7@ 14 (10.6)

High (H-score >150) 93 (93) 118 (89.4) 0.368
MED12 epithelium

Low (H-score <150) 2(2) 7 (5.3)

High (H-score >150) 98 (98) 124 (94.7) 0.306
ERa: epithelium

Negative 0 (0) 11 (13.1)

Positivet 100 (100) 73 (86.9) <0.001*
ERB epithelial nucleus

Negative 22 (22) 2 (2.4)

Positivet 78 (78) 82 (97.6) <0.001*
ERB epithelial cytoplasm

Negative 56 (56) 14 (16.7)

Positivet 44 (44) 70 (83.3) <0.001*
ERB stromal nucleus

Negative 88 (88) 27 (32.1)

Positivet 12 (12) 57 (67.9) <0.001*
ERB stromal cytoplasm

Negative 89 (89) 62 (73.8)

Positivet 11 (11) 22 (26.2) 0.011*

*Statistically significant.
tPositivity was defined by at least 1% immunoreactive nuclei.
ER, oestrogen receptor.

tumours. The proportions of such negative cases in each grade
were, however, not significantly different (p=0.563).

Expression of ERB was significantly higher in phyllodes
tumours than fibroadenomas in all components (table 5). Within
phyllodes tumours, expression in the stromal cytoplasm was sig-
nificantly higher in the malignant group (62.5%), compared
with benign (14.6%) and borderline (35.7%) tumours
(p=0.006).

DISCUSSION
The discovery of highly recurrent MED12 somatic mutations in
breast fibroadenomas' has led to a surge of reports published
recently on MED12 somatic mutations in fibroadenomas and
the closely related phyllodes tumours (table 6). The frequency
of MED12 somatic mutations reported ranges from 45% to
80%, not significantly different between fibroadenomas and
phyllodes tumours, although some authors report a lower fre-
quency in malignant phyllodes tumours'® ' while other studies
show no significant difference among phyllodes tumours of dif-
ferent grades.” '* In uterine leiomyomas, mutations of MED12
are common, but are rare in its malignant counterpart the leio-
myosarcoma.'>™> The composition of MED12 mutations in
breast fibroepithelial tumours across different studies are com-
parable, with missense mutations (single nucleotide change
resulting in an altered amino acid in the protein) in codon 44 as
the most frequently encountered alteration, similar to what was
found in uterine leiomyomas.'®

MEDI12 protein was highly expressed in the stroma with
H-score above 150 in the majority (91%) of cases. An increased
percentage of cases with high MED12 stromal expression was
observed in MED12 mutant tumours despite the narrow differ-
ences observed (p=0.029). Specifically, high MED12 stromal
protein expression was associated with MED12 missense muta-
tion. This finding contrasts with those in studies by Ravegnini
et al'® and Yoon et al,'"” where MED12 protein expression was
not correlated with MEDI2 mutation. Ravegnini et al'®
reported a small number of missense mutants in their study
cohort, while Yoon et al'” employed a scoring method assessing
staining intensity only. We also observed an association between
low MED12 protein expression with MED12 indel and splice
site mutations, corroborating findings by Bertsch et al,'® where
complex MED12 mutations had significant lower immunoreac-
tivity for MED12 in leiomyomas. The current antibody
employed targets a specific region near the C-terminus (between
2150 and C-terminus) of the protein, a region not translated
from the exon 2 mutation sites. Indel mutations result in a shift
of amino acids and may lead to reduced detection sensitivity by
the antibody, possibly explaining the association with low
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Table 6 Reports of MED12 somatic mutations in fibroadenomas (FA) and phyllodes tumours (PT)

First author, journal, date
published

MED12 mutation frequency

Distribution of MED12 mutations

Additional findings

Lim'
Nat Genet
20 July 2014

Cani'?
Mol Cancer Res
15 Jan 2015

Yoshida®’
Br J Cancer
2 Apr 2015

Piscuoglio’
Histopathology
8 Apr 2015

Nagasawa?®
Cancer Med
13 Apr 2015

Pfarr'®
Genes Chromosomes Cancer
30 Apr 2015

Ng?
J Clin Pathol
27 May 2015

Mishima®®
Breast Cancer Res Treat
21 June 2015

Lien®
Histopathology
25 June 2015

Yoon'”
Genes Chromosomes Cancer
9 Feb 2016

58/98 (59%) of FA

10/15 (67%) of PT
4/5 (80%) of benign
4/5 (80%) of borderline
2/5 (40%) of malignant

37/46 (80%) of PT
15/18 (83%) of benign
12/15 (80%) of borderline
10/24 (77%) malignant
36/58 (62%) of FA
24/32 (75%) intracanalicular
8/20 (40%) pericanalicular
30/47 (64%) PT
22/25 (88%) of benign
719 (78%) of borderline
113 (8%) of malignant
1720 (65%) FA
8/8 (100%) intracanalicular
6/15 (40%) pericanalicular

5/11 (45%) PT—all borderline grades

6/9 (67%) FA

9/16 (56%) PT
8/11 (73%) benign
1/5 (20%) malignant
13/21 (62%) FA
9/11 (82%) intracanalicular
4/10 (40%) pericanalicular

70/112 (62.5%) PT
43/66 (65%) benign
21/32 (66%) borderline
6/14 (43%) malignant

20/27 (74%) PT

16/20 (80%) benign

4/6 (67%) borderline

0/1 (0%) malignant
27/58 (47%) FA

20/29 (69%) intracanalicular

2/13 (15%) pericanalicular

3/13 (23%) organoid

2/3 (67%) mastopathic
35/49 (71%) PT

16/22 (73%) benign

12/17 (71%) borderline

7110 (70%) malignant
36/72 (50%) FA

9/18 (50%) usual FA

8/17 (47%) complex FA

10/19 (53%) juvenile FA

9/18 (50%) tubular adenoma
81/176 (46%) PT

35/49 (71%) benign

25/49 (52%) borderline

21/78 (27%) malignant

42 (72%) G44 missense mutations
4 (7%) other missense mutations
7 (12%) in-frame deletions

1 (2%) frameshift deletion

4 (7%) splice site mutations

5 (50%) G44 missense mutations
3 (30%) in-frame deletions

2 (20%) splice site mutations

38 (52%) G44 missense mutations
5 (7%) other missense mutations
21 (29%) in-frame deletions

6 (8%) splice site mutations

3 (4%) duplications

28 (60%) G44 missense mutations
16 (34%) in-frame deletions
3 (6%) frameshift indels

5 (45%) G44 missense mutations
1 (9%) other missense mutation

4 (36%) in-frame deletions

1 (9%) splice site mutation

13 (59%) G44 missense mutations
2 (9%) other missense mutations
6 (27%) in-frame deletions

1 (5%) splice site mutation

52 (74%) G44 missense mutations
1 (1%) other missense mutation
13 (19%) in-frame deletions

4 (6%) splice site mutations

38 (78%) G44 missense mutations
2 (4%) other missense mutations
6 (12%) in-frame deletions

3 (6%) splice site mutations

52 (73%) G44 missense mutations
3 (4%) other missense mutations

14 (20%) insertion deletion mutations

2 (3%) splice site mutations

43 (53%) G44 missense mutations
1 (1%) other missense mutation
33 (41%) deletion mutations

4 (5%) splice site mutations

Microdissection performed. MED12 mutations were
present in stroma but not in the epithelium.

Mutations of 7P53, RB1 and NF1 found exclusively in
malignant tumours.

Microdissection revealed MED12 mutations confined to
stromal component only.

MED12 mutations not correlated with abnormal protein
expression of p53, p16 and Rb.

Next-generation sequencing on cancer and
sarcoma-related regions found no other recurrent
mutations

Patients with MED72 mutant tumours experienced an
improved disease-free survival

Microdissection performed. MED12 mutations were
present in stroma but not in the epithelium of
fibroadenomas and phyllodes tumours.

Frequency of MED12 mutation decreased with histologic
grade

MED12 protein expression. Missense mutations at exon 2,
however, may not affect antibody detection of the antigen,
which is located near the C-terminus site. The mechanism of
MED12 protein regulation is currently not well studied.
Mutations in MED12 may alter regulation of the protein similar
to the situation with c-myc gene, where mutations around
Thr-58 may result in protein stabilisation preventing

degradation and hence augmenting c-myc protein levels.'® The
development of an antibody specifically targeting the protein
translated from exon 2 will be useful in investigating the effects
of altered protein products resulting from the mutations.

We previously showed through expression profiling that genes
upregulated in MED12 exon 2 mutant fibroadenomas were asso-
ciated with dysregulated oestrogen signalling.! ERs, represented
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by ERa and ERB, are important transcription factors for oestro-
gen signalling in cells vital for development and maintenance of
reproductive functions.'® To our knowledge, this is the first
report investigating ER protein expression in relation to
MED12 protein expression and mutation status in fibroepithe-
lial lesions. We observed no significant differences in both ERa
and ERp expression between MED12 wild-type and MED12
mutant tumours, which suggests that MED12 mutations may
not directly affect ER protein expression despite associations
observed in gene expression profiling. The molecular mechan-
ism of MED12 exon 2 mutations affecting the multifaceted oes-
trogen signalling pathway is still largely unknown despite a
recent report of MED12 G44D mutant cells demonstrating a
significant loss of mediator-associated cyclin-dependant kinase
(CDK) activity relative to MED12 wild-type cells.”® MED12,
CDK8, cyclin C and MED13 form the well-known ‘CDKS$
module’ within the mediator complex.®> This four-subunit
module acts as a molecular switch, which controls the coactiva-
tor function of the mediator complex.?! #* Future studies in elu-
cidating the direct and functional relationship between MED12
exon 2 mutations and the oestrogen signalling pathway will be
important to understand the effects of such mutations on the
oestrogen signalling pathway.

Despite no significant differences in ERa protein expression in
wild-type versus mutant MED12 tumours, we observed a signifi-
cant positive association between MED12 protein and ERa
expression in the epithelium, where ERo expression increases
with increasing MED12 expression. This is consistent with find-
ings by Prenzel et al,” where ERo. expression was impaired when
MED12 was knocked down in breast cancer cell lines. However,
in the stromal component, we observed no ERa expression in all
cases except for the single fibroadenoma with smooth muscle
metaplasia, even if the tumours expressed MED12 protein. Our
observation of ERa negativity in the stroma of fibroepithelial
lesions corroborates that of Sapino et al,*> who also noted that
ERa was not detected in the stroma of both fibroadenomas and
phyllodes tumours. The disparity in results between epithelial
and stromal components resonates well with the notion that the
epithelium and stroma have distinct behaviour** and are likely
regulated differently. In addition, the regulation of ERa expres-
sion is complex with a plethora of factors involved, such as estra-
diol ligand, SET7 methyltransferase and human progesterone
receptor isoform hPR-A.** ¢

The relationship between fibroadenomas and phyllodes
tumours has been an intriguing topic, with our group recently
describing the genomic profiles of fibroepithelial neoplasms.’?
They have overlapping histological properties despite potentially
divergent outcomes. Fibroadenomas are benign and biologically
innocuous, while phyllodes tumours have a tendency to recur.
Table 6 shows the findings of various groups denoting a similar
frequency of MED12 mutations in fibroadenomas and phyllodes
tumours, corroborating our findings and underscoring their bio-
logical similarity. On the contrary, we noted a significant differ-
ence in ERa and ERP expression between fibroadenomas and
phyllodes tumours. These opposing observations speak to the
complexity and heterogeneity of fibroepithelial lesions, requir-
ing further interrogation of molecular pathogenesis to enhance
understanding of the relationship between the two entities.

A limitation of this study is the small number of non-missense
mutations observed, hampering meaningful interpretation
despite statistically significant differences. Our attempt of strati-
fying fibroepithelial lesions into fibroadenomas and phyllodes
tumours to analyse their individual associations of MED12
mutation status with MED12 and ER immunohistochemical

expression also yielded no significant findings (results not
shown). The prognostic impact of MED12 and ER expression
was not demonstrated in this study as our aim was to determine
the relevance of MED12 mutations in correlation with protein
expression, as well as their association with ERo and ERP
expression. Nonetheless, we had previously shown that phyl-
lodes tumours harbouring MED12 mutations augured a better
recurrence-free survival.”

In conclusion, positive associations observed between MED12
and ERa, ERB immunohistochemical expression suggests a bio-
logical interplay between the proteins. No significant differences
in ER protein expression were observed between wild-type and
mutant MED12 tumours. Future studies to understand the rela-
tionship between MED12 and ER will be important to elucidate
the functional effects of MED12 mutations in the oestrogen sig-
nalling pathway.

Take home messages

» MED12 mutation was associated with high MED12 protein
expression in the stroma of fibroepithelial lesions.

» MED12 protein expression correlated with oestrogen
receptor expression.

» MED12 protein expression was not significantly different
between fibroadenomas and phyllodes tumours.
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