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Abstract

Aims—Acinic cell carcinomas (AcCC) of the breast have been reported to constitute the breast 

counterpart of salivary gland AcCCs, based on the similarities of their histological and 

immunohistochemical features. Breast AcCC is a vanishingly rare form of triple-negative breast 

cancer (TNBC). Recent studies have demonstrated that in TNBCs, the two driver genes most 

frequently mutated are TP53 (82%) and PIK3CA (10%). We sought to define whether breast 

AcCCs would harbour TP53 and PIK3CA somatic mutations, and if so, whether these would be 

present in salivary gland AcCCs.

Methods and results—Sanger sequencing of the entire coding region of TP53 and of PIK3CA 
hotspot mutation sites of 10 breast and 20 salivary gland microdissected AcCCs revealed eight 

TP53 (80%) and one PIK3CA (10%) somatic mutations in breast AcCCs. No somatic mutations 

affecting these genes were found in the 20 salivary gland AcCCs analysed.

Conclusions—Our findings demonstrate that breast AcCCs display TP53 and PIK3CA 
mutations at frequencies similar to those of common types of TNBCs, whereas these genes appear 

not to be altered in salivary gland AcCCs, suggesting that despite their similar histological 

appearances, AcCCs of the breast and salivary glands probably constitute unrelated diseases.
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Introduction

Salivary gland-type tumours of the breast constitute a heterogeneous group of rare breast 

neoplasms that display histological features similar to those of the homonymous tumours 

arising in the salivary glands.1,2 Recent studies have demonstrated that the genetic 

abnormalities found in specific types of salivary gland tumours are also found in the 

homonymous types of breast cancers.3–7 For instance, adenoid cystic carcinomas of the 

salivary glands have been shown to harbour a recurrent t(6;9) translocation that results in the 

formation of the MYB–NFIB fusion gene,3 which is also found in approximately 90% of 

adenoid cystic carcinomas of the breast.3,4,8 Similarly, secretory carcinomas of the breast 

harbour the ETV6–NTRK3 fusion gene,5 which has resulted in the identification of the 

mammary-analogue secretory carcinoma of the salivary glands.9,10

Acinic cell carcinomas (AcCCs) account for approximately 10% of all malignant salivary 

gland cancers,11 and originate almost exclusively in the parotid. These tumours are 

characterized by serous acinar cell differentiation with zymogen-type cytoplasmic granules 

and immunohistochemical expression of amylase, lysozyme and alpha-1 anti-

chymotrypsin.1 In the breast, AcCCs were first described by Roncaroli et al. in 199612 as the 

breast counterpart of salivary gland tumours displaying similar histological and 

immunohistochemical characteristics. Some morphological features that have been reported 

frequently in AcCC of parotid gland, however, are not usually seen in the breast counterpart, 

including pushing borders, prominent intratumoural lymphoid infiltrate and variegated 

architectural growth patterns with solid and cystic areas.1 Hence, it is unclear as to whether 

AcCCs of the salivary gland and breast would be driven by the same constellation of 

molecular aberrations.

AcCCs of the breast are extremely rare. Only 39 cases have been described in the English 

literature to date, usually as case reports or small case series.13–32 In addition to 

immunoreactivity for serous differentiation markers, AcCCs of the breast have been reported 

to display a triple-negative phenotype;14 interestingly, however, at variance with the 

common forms of triple-negative breast cancer (TNBC), breast AcCCs are reported to have 

indolent clinical behaviour.13–32

Recent massively parallel sequencing analyses of TNBCs have revealed that these tumours 

are characterized by a heterogeneous repertoire of somatic genetic aberrations, with a high 

mutational load per case.33–35 The genes affected most frequently by somatic mutations in 

these cancers include TP53 in 82% of cases and PIK3CA in approximately 10% of cases.33 

These genes have been shown to be the most frequently somatically mutated driver genes in 

TNBCs.33,35

Based on these observations, we posited that breast AcCCs would harbour recurrent somatic 

mutations of TP53 and/or PIK3CA akin to other forms of TNBCs. In addition, we reasoned 

that if breast and salivary gland AcCCs were a single entity, they would have alterations 

affecting these genes at similar frequencies. To investigate these hypotheses, we subjected a 
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series of 10 breast AcCCs and 20 salivary gland AcCCs to Sanger sequencing analysis of all 

exons of TP53 and of the hotspot mutation sites in exons 9 and 20 of PIK3CA.

Materials and methods

CASES

Ten cases of AcCCs of the breast were retrieved from the consultation files of one of the 

authors (I.O.E.) at Nottingham University Hospital NHS Trust, Nottingham, UK (n = 9) or 

from the pathology archives of the Vall d’Hebron University Hospital, Barcelona, Spain (n = 

1). The criteria employed for the diagnosis of breast AcCCs followed those outlined by 

Roncaroli et al.12 and Damiani et al.14 In brief, cases were considered to be AcCCs if 

neoplastic cells displayed Panneth cell-like granular eosinophilic cytoplasm, often admixed 

with cells harbouring basophilic granular cytoplasm. The neoplastic cells were arranged in 

rounded microglandular or microacinar infiltrative growth patterns, lacking myoepithelial 

cells and basement membrane, and eliciting minimal or no stromal response. This typical 

pattern often merged with areas displaying more solid tumour growth. Focal microcystic and 

papillary cystic areas were not uncommonly found, as were cells with clear cytoplasm 

admixed with the cells displaying serous differentiation. As part of the diagnostic workup, 

all cases were subjected to immunohistochemical analysis and in each case the AcCC 

component was uniformly oestrogen receptor (ER)-, progesterone receptor (PR)- and human 

epidermal growth factor receptor 2 (HER2)-negative, and expressed lysozyme, epithelial 

membrane antigen and S100 protein (data not shown). Cases were considered to constitute 

pure AcCCs if >90% of the tumour was composed of typical AcCC areas and mixed if 

≥50% but ≤90% of the tumour was composed of typical AcCC areas.36 In cases of mixed 

AcCC, the non-AcCC component was typed according to the World Health Organization 

(WHO) criteria.36 The Nottingham grading system was employed for both the AcCC and the 

non-AcCC components of the mixed cases.37 As part of the diagnostic work-up, all breast 

cancers were subjected to fluorescence in-situ hybridization analysis for the presence of the 

ETV6–NTRK3 fusion gene, as described previously.23 All cases displayed an intact ETV6 
locus, ruling out a diagnosis of secretory carcinoma. Twenty consecutive salivary gland 

AcCCs of classic morphology11 were collected from the pathology files of the Department 

of Pathology, Cleveland Clinic, Cleveland, OH, USA and Memorial Sloan Kettering Cancer 

Center, New York, NY, USA. Haematoxylin and eosin-stained sections of each case were 

reviewed independently by six pathologists (Z.H., N.K., E.A.R., I.O.E., B.P.R. and J.R.S.-F.) 

and the diagnosis was confirmed in all cases. Tumour growth pattern and histological grade 

were defined following WHO guidelines38 and according to the criteria defined by Gomez et 
al.,39 respectively. The samples were anonymized prior to the analysis and approval by the 

local ethics committees was obtained. Available clinicopathological features of the cases are 

summarized in Table 1.

MICRODISSECTION AND DNA EXTRACTION

Representative 8-µm-thick sections of formalin-fixed paraffin-embedded (FFPE) blocks of 

tumour and adjacent normal tissue were stained with nuclear fast red and microdissected 

using a sterile needle under a stereomicroscope (Olympus SZ61; Center Valley, PA, USA), 

to ensure >80% of tumour cell content and that the normal tissue was devoid of any 
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potentially neoplastic cells, as described previously.40 Genomic DNA was extracted from the 

AcCC component of each tumour and matched normal tissue using a DNA extraction kit 

(DNeasy Blood and Tissue Kit; Qiagen, Valencia, CA, USA) and quantified using the Qubit 

Fluorometer assay (Life Technologies, Norwalk, CT, USA), following the manufacturers’ 

protocols.41 All samples had sufficient quantity and quality of DNA for Sanger sequencing 

analysis.

IMMUNOHISTOCHEMISTRY

The immunohistochemical profile of the 10 breast AcCCs was assessed on 4-µm-thick 

sections, using antibodies against ER, PR and HER2, as described previously.42 Positive and 

negative controls were included in each experiment. ER, PR and HER2 status was evaluated 

by three pathologists (E.G.-R., N.K. and H.Y.W.) according to the American Society of 

Clinical Oncology (ASCO)/College of American Pathologists (CAP) guidelines.43,44

POLYMERASE CHAIN REACTION (PCR) AMPLIFICATION AND SANGER SEQUENCING

We employed primer sets that amplify the entire coding region of TP53 and the hotspot 

mutation sites in exons 9 and 20 of the PIK3CA gene. The selection of these two genes was 

based on the observation that in large whole exome sequencing studies of TNBCs, TP53 and 

PIK3CA were found to be the most frequently mutated genes in these tumours.33,35 We 

designed the primer pairs as described previously45 (for the primer sets used, please see 

Table S1). PCR amplification of 10 ng of genomic DNA was performed using the AmpliTaq 

360 Master Mix Kit (Life Technologies) on a Veriti Thermal Cycler (Life Technologies). 

The thermocycling protocol consisted of an initial incubation step of 95°C for 5 min and 

then 35 cycles of 95°C for 30 s, 56°C for 30 s, 72°C for 30 s and one final extension step of 

72°C for 10 min. PCR fragments were purified with ExoSAP-IT (Affymetrix, Santa Clara, 

CA, USA), and the sequencing reactions were performed on an ABI 3730 capillary 

sequencer using ABI BigDye Terminator chemistry (version 3.1; Life Technologies), 

according to the manufacturer’s instructions. Sequences of the forward and reverse strands 

were analysed using MacVector software (MacVector, Inc., Cary, NC, USA).45 All analyses 

were performed in duplicate. Insertions and deletion were annotated manually.

STATISTICAL ANALYSIS

The chi-square test and Fisher’s exact test were employed for the analysis of categorical 

variables. A two-tailed P-value <0.05 was considered to be statistically significant. All 

statistical comparisons were performed using SPSS statistics version 20 (IBM, Armonk, NY, 

USA).

Results

For the 10 breast AcCCs-affected female patients, at diagnosis the median age was 43.5 

years (range 34–70 years) and the median tumour size was 1.9 cm (range 1.1–5 cm). Three 

and seven cases were classified as pure and mixed AcCCs, respectively (Figure 1 and Table 

1). In the mixed cases, the non-AcCC components were of histological grades 2 and 3 in one 

and six cases, respectively. All but one non-AcCC components were classified as invasive 

ductal carcinoma of no special type; the remaining case was a high-grade, metaplastic breast 
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carcinoma (Table 1). The 20 salivary gland AcCCs were of the classic type,11 affecting six 

female and 14 male patients, whose median age at diagnosis was 56.5 years (range 21–76 

years, Figure 1 and Table 1), and median tumour size was 2.4 cm (range 1.2–4.5 cm, Table 

1). No significant differences in age at diagnosis and size of the lesions were found between 

the two series (Mann–Whitney U-test, P < 0.05).

Sanger sequencing analysis of the entire TP53 coding region revealed TP53 somatic 

mutations in eight of 10 breast AcCCs (80%; six missense and two frameshift mutations), 

including three mutations affecting the hotspot amino acid residue R273 (Table 2 and Figure 

2). By contrast, none of the salivary gland AcCCs analysed harboured TP53 somatic 

mutations (Table 2). In fact, TP53 somatic mutations were found significantly more 

frequently in AcCCs of the breast than in AcCCs of the salivary glands (eight of 10 versus 

none of 20, P < 0.0001, Fisher’s exact test; Table 2). A comparative analysis of the 

frequency of TP53 somatic mutations in breast AcCCs and TNBCs included in The Cancer 

Genome Atlas (TCGA)33 analysis of breast cancers33 revealed no significant differences 

(80% in breast AcCCs versus 82% in TNBCs, Fisher’s exact test P > 0.1, 

www.cbioportal.org,46 accessed 26 December 2014). No histological differences were 

observed between the breast AcCCs with and without TP53 somatic mutations.

Analysis of the hotspot mutation sites in exons 9 and 20 of the PIK3CA gene (i.e. at amino 

acid residues E542, E545 and H1047)33,46 revealed an E542K PIK3CA somatic mutation 

affecting one of the AcCCs of the breast (Figure 2); no PIK3CA hotspot mutations were 

detected in the salivary gland AcCCs analysed (Table 2). The frequency of PIK3CA 
mutations found in breast AcCCs was similar to that reported in TNBCs from TCGA33 

(10% in breast AcCCs versus 10% in TNBCs, Fisher’s exact test P > 0.1, 

www.cbioportal.org,46 accessed 26 December 2014). The breast AcCC harbouring the 

E542K PIK3CA somatic mutation displayed histological features similar to the other cases 

included in this study.

Taken together, our results demonstrate that driver genes mutated frequently in common 

forms of TNBCs are also mutated in breast AcCCs, providing evidence to suggest that these 

cancers are part of the spectrum of TNBCs. Furthermore, our findings are consistent with the 

notion that salivary gland AcCCs are distinct from breast AcCCs given that, at variance with 

their breast counterpart, salivary gland AcCCs lack TP53 and PIK3CA somatic mutations.

Discussion

Here we demonstrate that unlike AcCCs of the breast, AcCCs of the salivary gland do not 

harbour mutations in TP53 and PIK3CA, suggesting that despite some overlapping 

histological features, breast and salivary gland AcCCs probably constitute distinct entities. 

Conversely, the frequencies of TP53 and PIK3CA somatic mutations in breast AcCCs were 

found to be similar to those of TNBCs of no special type (i.e. 82%),33 consistent with the 

notion that breast AcCCs probably constitute part of the spectrum of TNBCs.6,7

AcCC of the breast were first identified as the mammary counterpart of AcCC of the 

salivary glands. It should be noted, however, that despite some overlapping histological and 
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immunohistochemical features, breast and salivary gland AcCCs differ in their 

morphological characteristics.1,14,16 First, although both breast and salivary gland AcCCs 

display features of serous differentiation, these lesions differ in that several histological 

features observed in salivary gland AcCCs are not usually found in AcCCs of the breast, 

including pushing borders, prominent intratumoural lymphoid infiltrate, and variable growth 

patterns, including alternating solid and cystic areas.1 Secondly, the infiltrative 

microglandular growth pattern is exceptionally rare in salivary gland AcCCs,1 whereas it 

represents the most frequent pattern reported in breast AcCCs. Thirdly, the tinctorial 

properties of the secretory granules in breast and salivary gland AcCCs are distinct; while in 

the former, pink, eosinophilic granules are a common denominator, in the latter the granules 

are predominantly basophilic (Figure 1).11 Our findings provide additional evidence to 

demonstrate that breast and salivary gland AcCCs are probably unrelated lesions, given that 

while breast AcCCs harbour recurrent TP53 somatic mutations, these mutations were not 

identified in 20 bona fide salivary gland AcCCs. Taken together, one could argue that breast 

and salivary gland AcCCs are distinct tumour types that merely happen to share histological, 

histochemical and immunohistochemical features of serous differentiation, but that are 

driven by distinct repertoires of somatic driver genetic alterations. The lack of TP53 somatic 

mutations in salivary gland AcCCs documented in the present study is consistent with 

reports demonstrating that aberrant p53 expression is not a frequent phenomenon in typical 

AcCCs of the salivary glands.47–51 Our findings warrant further studies to investigate the 

repertoire of driver genetic alterations in salivary gland AcCCs.

This study has several limitations. First, only 10 breast AcCCs were analysed in this study; 

despite the relative small sample size, this is one of the largest series of AcCCs reported to 

date. Secondly, only somatic mutations affecting TP53 and PIK3CA were investigated in 

this study. It should be noted, however, that by focusing on the driver genes most frequently 

mutated in TNBCs, our analysis revealed that breast AcCCs are similar to common forms of 

TNBCs and probably distinct from salivary gland AcCCs. Given that the breast AcCCs 

included in this study were obtained retrospectively, and from the consultation files of one of 

the authors (I.O.E.), an analysis of the outcomes of these patients was not possible. Further 

analyses of a larger series of breast AcCCs are required to define the impact of TP53 
mutations on the outcomes of patients with breast AcCC and to compare the outcome of 

breast AcCCs and common forms of TNBCs.

In conclusion, this study demonstrates that at variance with other tumour types that affect the 

breast and salivary glands and harbour similar driver genetic alterations (e.g. adenoid cystic 

carcinomas, secretory carcinomas),3–8 breast and salivary gland AcCCs probably constitute 

distinct entities, despite displaying features of serous differentiation. While breast AcCCs 

have recurrent somatic mutations affecting TP53 and PIK3CA akin to other forms of 

TNBCs, the driver genetic alterations of salivary gland AcCCs remain to be identified. 

Massively parallel whole genome, whole exome and/or RNA sequencing studies 

investigating the potential drivers of salivary gland AcCCs are warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Acinic cell carcinomas of the breast and salivary glands. Representative micrographs of 

breast acinic cell carcinomas (A, case 9; B, case 17) and salivary gland acinic cell 

carcinomas (C, case 2; D, case 3). Note the tinctorial differences of the intracytoplasmic 

granules in breast (A, inset, and B) and salivary gland acinic cell carcinomas (C, D).
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Figure 2. 
Breast acinic cell carcinomas harbour TP53 and/or PIK3CA somatic mutations. Sanger 

sequencing traces and protein domains of PIK3CA and TP53 (A, case 16; B, case 17). 

Schematic plots were adapted from www.cbioportal.org46 and protein domains were 

annotated according to UniProt (http://www.uniprot.org). The somatic mutations in TP53 
and PIK3CA are highlighted by arrows.
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Table 2

TP53 and PIK3CA mutations identified in acinic cell carcinomas of the breast and salivary glands

TP53
mutation
(amino acid)

PIK3CA hotspot
mutation (amino acid)

AcCC of the breast

  Case 1 M237I Wild-type

  Case 3 Wild-type Wild-type

  Case 7 R273C Wild-type

  Case 9 M237I Wild-type

  Case 10 R273H Wild-type

  Case 12 Wild-type Wild-type

  Case 14 R273C Wild-type

  Case 15 S303fs Wild-type

  Case 16 V157D E542K

  Case 17 P250fs Wild-type

AcCC of the salivary glands

  Case 1 Wild-type Wild-type

  Case 2 Wild-type Wild-type

  Case 3 Wild-type Wild-type

  Case 4 Wild-type Wild-type

  Case 5 Wild-type Wild-type

  Case 6 Wild-type Wild-type

  Case 7 Wild-type Wild-type

  Case 8 Wild-type Wild-type

  Case 9 Wild-type Wild-type

  Case 10 Wild-type Wild-type

  Case 11 Wild-type Wild-type

  Case 12 Wild-type Wild-type

  Case 13 Wild-type Wild-type

  Case 14 Wild-type Wild-type

  Case 15 Wild-type Wild-type

  Case 16 Wild-type Wild-type

  Case 17 Wild-type Wild-type

  Case 18 Wild-type Wild-type

  Case 19 Wild-type Wild-type

  Case 20 Wild-type Wild-type

AcCC, Acinic cell carcinoma. Sanger sequencing was employed to assess the entire coding region of TP53, and of the hotspot mutation sites in 
exons 9 and 20 of PIK3CA.
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