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Abstract

Aims: Most benign breast fibroepithelial lesions (FELs) in adults harbor recurrent somatic 

MED12 exon 2 mutations, and rare TERT promoter hotspot mutations. We sought to determine the 

frequency of MED12 exon 2 and TERT promoter hotspot mutations in fibroadenomas (FAs) and 

benign phyllodes tumors (BePTs) in adolescents and young adults.

Methods: DNA from 21 consecutive FAs and 8 consecutive BePTs in adolescents and young 

adults was subjected to Sanger sequencing of the exon 2 of MED12 and the TERT promoter 

hotspot locus.

Results: We identified MED12 exon 2 mutations in 62% and 88% of FAs and BePTs, 

respectively, and no TERT promoter hotspot mutations. The majority of the MED12 exon 2 

mutations identified were in-frame deletions (60%).

Conclusions: As in adults, benign FELs in juvenile patients harbor recurrent MED12 exon 2 

mutations.
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INTRODUCTION

Fibroadenomas (FAs) and phyllodes tumors (PTs) are breast fibroepithelial lesions (FELs) 

characterized by an admixture of stromal and epithelial components.[1 2] FAs lie at the 

benign end of the spectrum and may be managed conservatively. PTs are uncommon lesions, 

and are classified as benign, borderline or malignant according to the WHO criteria,[2] 

which include tumor borders, stromal cellularity and atypia, mitotic activity, and the 

presence of stromal overgrowth and heterologous elements.

The genomic landscape of FELs in adults has been well characterized.[3–5] Highly recurrent 

somatic Mediator complex subunit 12 (MED12) exon 2 mutations occur in both FAs and 

PTs in adults,[3–8] supporting their role as early founder events in these lesions. The 

prevalence of MED12 exon 2 mutations is higher in benign FELs, and shows a stepwise 

decrease from benign to borderline and to malignant PTs.[5] In addition to MED12 exon 2 

mutations, TERT promoter hotspot mutations and gene amplifications are the most frequent 

somatic genetic alterations found in PTs, and tend to be more common in borderline (57%) 

and malignant (68%) PTs than in BePTs (18%).[5 7–9], supporting their role in the 

progression to malignant PTs. In contrast to breast FELs in adults, data on the molecular 

underpinning of breast FELs in younger women is scarce. A recent study of FAs in a 

pediatric population revealed MED12 mutations in 54% and 35% of conventional FAs and 

juvenile FAs, respectively, and did not identify TERT promoter mutations in these lesions.

[10] Whether PTs in younger patients have a similar molecular underpinning as in adults is 

yet to be determined. Here, we sought to determine the frequency of MED12 exon 2 

mutations and TERT promoter hotspot mutations in FAs and BePTs in adolescents and 

young women up to 26 years of age.

METHODS

Following institutional review board (IRB) approval, slides and formalin-fixed paraffin-

embedded (FFPE) tissue blocks of 21 consecutive FAs and 8 consecutive BePTs from 

adolescents and young adults were retrieved from the archives of the Department of 

Pathology of Memorial Sloan Kettering Cancer Center (MSKCC; NY, USA). Samples were 

anonymized prior to analysis. All cases were reviewed by four breast pathologists (F.P., 

M.P.M, D.G. and E.B.) and classified according to the latest World Health Organization 

(WHO) criteria.[2]

Tumor tissue was microdissected from 8 μm-thick FFPE histological sections under a 

stereomicroscope (Olympus SZ61) to ensure a tumor stromal cell content >80%. DNA was 

extracted using the DNAeasy Blood and Tissue Kit (Qiagen) according to manufacturers’ 

instructions. The assessment of MED12 exon 2 and TERT promoter mutations was 

performed by Sanger sequencing. PCR amplification was performed using AmpliTaq Gold 

360 Master Mix Kit (Life Technologies), as previously described.[5] PCR products were 

purified with ExoSAP-IT (ThermoFisher Scientific) and subjected to Sanger sequencing 

using primers sets encompassing exon 2 of MED12 and the TERT promoter hotspot locus 

(Supplementary Table S1). Sequence electropherograms of the forward and reverse strands 

were analyzed using Mutation Surveyor (SoftGenetics) and the mutations identified were 
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manually curated. All analyses were performed in duplicate. The functional effect of the 

MED12 mutations identified was predicted using MutationTaster, Provean, Polyphen-2, and 

CADD, as previously described.[6]

Fisher’s exact test and Student’s t-test were used for comparison of categorical and 

continuous variables, respectively. Statistical analyses were performed using SPSS Statistics 

V25 (IBM). Two tailed p values <0.05 were considered statistically significant.

RESULTS

Fibroadenomas and benign phyllodes tumors in adolescents and young adults harbor 
frequent MED12 exon 2 mutations.

The median age at diagnosis of FEL was 19 years of age (range 13–26; Supplementary 

Table S2). The FELs consisted of 21 FAs and 8 PTs (Fig 1a-1b). Two of the FAs (JF16 and 

JF25) included in this series displayed features of juvenile FAs,[11] such as stromal and 

epithelial hyperplasia, without stromal atypia (Supplementary Table S3). FAs and BePTs had 

a median tumor size of 2.5 cm (range 0.9–10.5) and 1.4 cm (range 0.7–4.4), respectively 

(Supplementary Table S2). Most FAs displayed an intracanalicular growth pattern (11/21; 

52%), followed by a pericanalicular growth pattern (8/21; 38%), and a mixed growth pattern 

(2/21; 10%). (Supplementary Table S3). All PTs in this study (8/8) displayed well defined 

borders, low stomal cellularity with mild stromal atypia, up to 2 mitoses per 10 high power 

fields, and no stromal overgrowth or heterologous elements, and were classified as benign.

[2]

Sanger sequencing analysis revealed frequent MED12 exon 2 mutations in FAs (62%; 13/21) 

and BePTs (88%; 7/8), and no TERT promoter hotspot mutations (Fig. 1c and 

Supplementary Table 2). The observed MED12 and TERT mutational frequencies of FAs 

and BePTs in this cohort are similar to those reported in benign breast FELs in adults by our 

group and others,[3 4 6 8 12] and in a recent study of FAs in a pediatric population.[10] Our 

analyses identified five FAs (24%; 5/21) harboring missense mutations in the hotspot codon 

44 of MED12, including p.G44D (n=3), p.G44S (n=1) and p.G44R (n=1). Seven FAs 

harbored MED12 exon 2 in-frame deletions, with five encompassing codon 44. A splice-site 

SNV targeting the first intron of MED12 was identified in one FA (Fig. 1c-1d, Fig. 2 and 

Supplementary Table S2). Two BePTs harbored missense mutations targeting the hotspot 

codon 44 of MED12 (p.G44D and p.G44C), and five BePTs harbored MED12 exon 2 in-

frame deletions, four of which encompassed codon 44 (Fig 1c-1d, Fig 2 and Supplementary 

Table S2). All identified mutations were predicted to be deleterious (Supplementary Table 

S2). Whilst most MED12 exon 2 mutations in adult benign FELs have been found to be 

missense,[3–6] we observed that the majority of MED12 exon 2 mutations in benign FELs 

adolescents and young adults were in-frame deletions (60%; 12/20), followed by missense 

mutations (35%; 7/19) and a splice site mutation (5%; 1/20).

The median age of patients with MED12WT FAs was similar to the one of those with 

MED12MUT FAs (18 years vs. 20 years; p=0.11, Student’s t-test; Supplementary Table S4), 

and the size of MED12WT FAs and MED12MUT FAs was also comparable (3.2 cm vs 2.5 

cm; p=0.25, Student’s t-test; Supplementary Table S4). As previously reported for FELs in 
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adults[12–14], we observed a correlation between MED12 exon 2 mutational status and FA 

growth pattern, as most MED12MUT FAs displayed an intracanalicular growth pattern 

(84.6%, 11/13) and the majority of MED12WT FAs (87.5%, 7/8) had a pericanalicular 

growth pattern (p<0.001, Fisher’s exact test; Supplementary Table S4). All BePTs in this 

study displayed a well-defined border, low or low to intermediate stromal cellularity, mild 

stromal atypia, <=2 mitoses/10 high power fields (HPF) and no stromal overgrowth or 

heterologous elements. The sole MED12-wild type BePT in our cohort did not differ 

histologically from the BePTs harboring MED12 exon 2 mutations (Supplementary Tables 

S5 and S6).

DISCUSSION

Benign FELs in adult women have been shown to harbor highly recurrent somatic MED12 
exon 2 mutations restricted to their stromal component.[3–6 8 12] Benign FELs, including 

FAs and BePTs, are the most common type of breast tumor in adolescent and young 

females.[15] A recent study revealed that, akin to FAs in adults, FAs in children and 

adolescents harbor recurrent MED12 exon 2 mutations and lack TERT promoter mutations.

[10] Whether the same is true for BePTs in young patients is yet to be determined. We 

investigated the presence of MED12 exon 2 mutations and TERT promoter hotspot 

mutations in benign breast FELs, including FAs and BePTs, in adolescents and young 

adults. Our analyses revealed, in a way akin to breast FELs in adults,[3–8] a high frequency 

of MED12 exon 2 mutations in FAs (62%) and BePTs (88%), along with a lack of TERT 
promoter hotspot mutations. These findings corroborate the role of MED12 exon 2 

mutations as founder events in the genesis of benign FELs, also in a juvenile population.

Overall, we identified four distinct missense mutations targeting the hotspot codon 44 of 

MED12, 12 distinct in-frame deletions, out of which nine encompassed codon 44 of 

MED12, and a splice-site mutation targeting the first intron of MED12 (Fig 1c-1d, 

Supplementary Table S2). The splice-site mutation and four of the 12 in-frame deletions had 

not been previously reported (Supplementary Table S2). Most benign FELs in adults harbor 

MED12 exon 2 missense mutations, and in-frame indels account for only 4.9%−38% and 

14%−41% of MED12 exon 2 mutations in FAs and BePTs, respectively[3–6]. Tan et al[10] 

reported on a higher frequency of missense MED12 exon 2 mutations (75%) over in-frame 

indels (20%) and frameshift mutations (5%) in the pediatric FAs they studied. We observed a 

slightly higher proportion of MED12 exon 2 in-frame indels in FAs (7/13; 54%), over 

missense mutations (5/13; 39%) and splice-site mutations (1/13; 8%). Similarly, we 

observed that the MED12 exon 2 mutations in BePTs were predominantly in-frame deletions 

(71%; 5/7), followed by missense mutations (29%; 2/7). Notably, all identified MED12 exon 

2 in-frame deletions were predicted to have a deleterious effect by bioinformatics 

approaches assessing the functional impact of the given variant (Supplementary Table 2).

We observed an association of MED12 exon 2 mutations with an intracanalicular growth 

pattern in FAs in this series of juvenile patients, consistent with similar findings in previous 

studies evaluating FELs in adults.[6 12 13] All PTs included in the current series were 

BePTs, and 88% harbored MED12 exon 2 mutations, consistent with the notion that PTs 

may evolve from FAs[16 17].
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Our study has several limitations. Our cohort is relatively small, which reflects the rarity of 

breast tumors in younger patients. The assessment of mutations was restricted to MED12 
exon 2 and to the TERT promoter hotspot locus, and no other genomic alterations were 

studied. Our cohort includes only one MED12WT BePT, precluding any conclusions to be 

drawn regarding the relationship between MED12 status and morphologic features in 

BePTs. Furthermore, our study cohort does not include any borderline or malignant PT, and 

we cannot comment on the role of TERT promoter mutations in the progression of benign to 

malignant FELs in young patients. Despite the aforementioned limitations, our study 

supports the notion that recurrent MED12 exon 2 mutations underpin benign FELs in 

younger patients, akin to benign FELs in adults, lending support to similar management 

approaches regardless of the patient age.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. MED12 and TERT mutational frequency and spectrum of MED12 exon 2 mutations in 
fibroepithelial lesions in young patients.
Representative photomicrographs of (a) a fibroadenoma (FA) and (b) a benign phyllodes 

tumor (BePT) from this series. Scale bars, 100 μm (c) Frequency of MED12 exon 2 

mutations in FAs (n=21) and BePTs (n=8) in adolescents and young adults, identified by 

Sanger sequencing. (d) MED12 protein domain structure and detailed view of exon 2, 

depicting the 13 and 7 mutations identified in the 21 FAs and 8 BePTs from this study, 

respectively. aa, aminoacid; BePTs, benign phyllodes tumors; SNV, single-nucleotide 

variant.
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Figure 2. MED12 exon 2 mutations identified by Sanger sequencing in fibroadenomas and 
benign phyllodes tumor in young female patients.
Representative photomicrographs and sequence electropherograms of different missense 

SNVs and in-frame deletions targeting exon 2 of MED12 in fibroadenomas and benign 

phyllodes tumors identified in young female patients by Sanger sequencing. The aminoacid 

change is indicated for each case. Arrows point to the altered base. Scale bars, 100 μm.
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