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Abstract
Background: Oncocytic carcinoma of the breast is extremely rare, and its molecular pro�le is poorly
understood. The distinctive feature of oncocytic carcinoma of the breast is that the granular eosinophilic
cytoplasm contains numerous mitochondria. Recently, microRNA-146a-5p has been identi�ed as a
contributor to carcinogenesis and as a mitochondria-related microRNA, which regulates the mitochondrial
function affecting Bcl-2. Bcl-2 plays a role in mitochondrial apoptosis.

Case presentation: We report the clinical features, histopathological features, and immunohistochemical
and molecular �ndings of oncocytic carcinoma of the breast in a 76-year-old woman.
Immunohistochemistry studies revealed that the tumor cells were positive for antimitochondrial antibody
but negative for gross cystic disease �uid protein 15, which con�rmed the diagnosis. For molecular
pro�ling, expression of microRNA-146a-5p and Bcl-2 messenger RNA (mRNA), which are mitochondria-
related small molecules, were evaluated using real-time reverse transcription polymerase chain reaction.
We found that the expression of microRNA-146a-5p was signi�cantly lower (p < 0.01) and that of Bcl-2
mRNA was signi�cantly higher (p < 0.01) compared to the control group (with no speci�c type of breast
cancer).

Conclusions: The signi�cant changes in the expression of microRNA-146a-5p and Bcl-2 are speci�c to
oncocytic carcinoma of the breast. Therefore, we suggest that the use of microRNA-146a-5p to target Bcl-
2 has a potential therapeutic effect on oncocytic carcinoma of the breast.

Background
Oncocytic carcinomas (OC) are rare malignant tumors composed of oncocytes, which are epithelial cells
characterized by a granular eosinophilic cytoplasm containing numerous mitochondria [1]. OC of the
breast is uncommon, accounting for less than 1% of all breast cancers [2]. Hence, little is known about its
pathologic molecular features.

MicroRNAs (miRNAs) are small, non-coding RNAs that play an important role in post-transcriptional gene
regulation [3, 4]. They interact with their target messenger RNAs (mRNAs) to control translation through
mRNA degradation or translational repression [5, 6]. Research has revealed that miRNAs are involved in
various biological processes, including cancer [7, 8]. The miRNA expression pro�les differ between
diseases, suggesting that miRNAs have an important role in the diagnosis and treatment of cancers [9–
11].

One of the miRNAs that has recently received much attention is miR-146a-5p because of its function as a
tumor suppressor and its deregulation observed in various cancers [12]. It has also been identi�ed as a
mitochondrial miRNA (mito-miR) that targets the mitochondria and regulates mitochondrial protein
expression and function [13, 14]. A previous study suggested that miR-146a-5p affects mitochondrial
function by targeting Bcl-2, which plays an apoptogenic role in mitochondria [15].
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In view of the tumor-speci�c expression of miRNAs and characteristic features of OC, we hypothesized
that the expression of mitochondria-related miRNAs could be altered in OC. To test our hypothesis, we
compared the expression of miR-146a-5p in tissues from specimens of OC with that in tissues from
specimens of a more typical type of invasive ductal carcinoma (IDC) of the breast. We also assessed the
mRNA and expression levels of Bcl-2, which is the target of miR-146a-5p. In this report, we describe a
case of OC of the breast that exhibited alterations in the expression of miR-146a-5p and Bcl-2, in
comparison with IDC. To the best of our knowledge, these alterations have not been previously reported.

Case Presentation
A 76-year-old woman was referred to our hospital with a left breast tumor. She had noticed a gradual
enlargement of the mass over the past 3 years. Physical examination revealed a 65-mm, hard, non-mobile
mass with a focal cystic appearance in the upper inner quadrant of the left breast (Fig. 1A). No axillary
lymph node was palpable. Ultrasonography revealed a solid mass with a marked cystic component,
which could have represented hemorrhage and swelling of the left axillary lymph nodes (Fig. 1B).
Magnetic resonance imaging revealed a solid mass with a cystic component and apparent involvement
of the skin and pectoralis major muscle (Fig. 1C). Positron emission tomography revealed abnormal
uptake in the mass and axillary lymph nodes (maximum standardized uptake values: 10.2 and 8.0,
respectively) but no evidence of systemic metastases (Figs. 1D and E). A core needle biopsy was
performed, and the mass was diagnosed as an invasive carcinoma. Cytologic examination of a specimen
obtained with �ne-needle aspiration of the lymph node revealed the presence of malignant cells. The
patient underwent mastectomy and axial lymph node dissection.

The tumor measured 45 × 12 mm, and four involved lymph nodes were found (Figs. 2A and B).
Hematoxylin and eosin staining revealed a granular cytoplasm, ranging from eosinophilic to clear, in
ovoid cancer cells (Fig. 2C). Strongly positive immunostaining for an antimitochondrial antibody revealed
that the tumor cells were of oncocytic origin (Fig. 2D). Furthermore, immunohistochemical staining
showed that the tumor cells were positive for estrogen and progesterone receptors but negative for
human epidermal growth factor receptor 2 (HER2) and gross cystic disease �uid protein 15 (GCDFP-15;
Fig. 2E). The Ki-67 labeling index was 15%. Based on these results, the diagnosis of OC of the left breast
was made. The patient received postmastectomy radiation therapy of 50 Gy in 25 fractions to the chest
wall and supraclavicular lymph nodes, sequentially followed by adjuvant endocrine therapy with an
aromatase inhibitor for the next 10 years. In the 21 months after surgery, the cancer had not recurred.

For molecular pro�ling, we collected fresh tissue samples from the surgical specimens and stored them
at 80°C until use.For comparison, we also collected fresh tissue samples of IDC from a 72-year-old
patient, who had the same phenotype (positive estrogen and progesterone receptors and negative
HER2).Reverse transcription polymerase chain reaction (RT-PCR) was used to evaluate the expression
levels of miR-146a-5p and Bcl-2 mRNA. miRNA was extracted using an miRNeasy Mini Kit (QIAGEN,
Crawley, West Sussex, UK), in accordance with the manufacturer's protocol. RT-PCR was performed as
previously described [16].U6 small nuclear RNA and glyceraldehyde 3-phosphate dehydrogenase were
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used for normalization in RT-PCR with miRNA and mRNA, respectively. All experiments were conducted in
triplicate. For RT-PCR, the results were calculated as the mean±standard deviation of triplicate data, and
the expression level was illustrated as a fold difference of 1 for IDC. We used JMP® 12 software (SAS
Institute Inc., Cary, NC, USA) to perform statistical analysis and compared the data of the two groups
using the t-test. The signi�cance threshold was set at P<0.05. In addition, we determined the Bcl-2 protein
level by immunohistochemical staining using formalin-�xed, para�n-embedded samples.

Interestingly, the expression level of miR-146a-5p was 0.18 times less in OC than in IDC (Fig. 3A), which
was a signi�cant difference. In addition, mRNA expression of Bcl-2 was 2.26-fold higher in OC than in
IDC, which was also signi�cant and could further explain the data from immunohistochemical staining,
which showed a higher intensity of Bcl-2 protein (Figs. 3B and C).

Discussion And Conclusions
OC is an extremely rare type of breast cancer, characterized by mitochondrial accumulation. In our
patient's tumor, we demonstrated signi�cant changes in the expression of miR-146a-5p and Bcl-2 in OC
compared to that of IDC, which suggests that miR-146a-5p, by targeting Bcl-2, has a potential therapeutic
effect on OC.

The World Health Organization classi�cation de�nes OC of the breast as a tumor in which more than 70%
of all cells have oncocytic features [2]. The distinctive feature of oncocytes is the enlargement of cells
containing abundant eosinophilic granules in their cytoplasm due to an increase in altered mitochondria
[17]. Morphologically, OC resembles apocrine carcinoma, which also has an abundant eosinophilic
granular cytoplasm [18]. On hematoxylin and eosin staining, it is di�cult to distinguish OC from apocrine
carcinoma based on morphological features. Thus, accurate diagnosis of OC necessitates
immunohistochemical staining for several markers, including mitochondrial markers. In addition, GCDFP-
15, a marker for apocrine differentiation, must be absent for the diagnosis of OC. In our patient, the
morphologic features and use of immunostaining for antimitochondrial markers and GCDFP-15 were
consistent with OC.

The mechanism of oncocytic tumor formation remains to be fully elucidated. Mitochondrial DNA
mutations or mitochondrial genome alterations have been found in OC, which lead to alterations in
mitochondrial metabolism and tumorigenesis [19, 20]. However, these observations have not been
investigated in OC of the breast, and the unique miRNA expression in OC of the breast is poorly described
because of its rarity. In other organs in which OC has been reported, such as the thyroid, kidneys, and
salivary glands, miR-146a-5p expression has not been found. In relation to miR-146a and oncocytes,
Fridman et al. demonstrated a speci�c downregulation of miR-146a in renal oncocytoma in comparison
with other histological types of renal tumors [21]. Other investigators have detected miRNAs in multiple
subcellular compartments, including the mitochondria [22–24]. Regarding the accumulation of
mitochondria as the hallmark of OC, we hypothesized that the expression of mito-miR would be altered in
OC, in contrast to IDC. Indeed, our data showed that the expression of miR-146a-5p, a mito-miR, was
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signi�cantly decreased in OC compared to that in IDC. We found no evidence that the altered expression
of miR-146a-5p is associated with carcinogenesis of oncocytes; however, our results raise the possibility
of a connection between miR-146a-5p dysregulation and mitochondrial abnormality in OC of the breast.

In breast cancer, miR-146a-5p has been shown to be upregulated, promoting proliferation and invasion
and inducing epithelial–mesenchymal transition [25, 26]. Furthermore, upregulation of miR-146a-5p plays
an important role in regulating Bcl-2 proteins via the mitochondrial pathway of apoptosis in aging-related
diseases, including cancer [15]. Bcl-2 proteins exist in the outer membrane of mitochondria and their
overexpression in breast cancer has been shown to increase invasion and migration [27, 28]. The higher
expression of Bcl-2 and lower expression of miR-146a-5p in OC tissues compared to IDC tissues in our
study indicate that miR-146a-5p may contribute to altered expression of Bcl-2 through mitochondria.

Our study has several limitations. First, we investigated only one sample of OC; we could not obtain
multiple OC samples because of its rarity. We acknowledge that our results would be insu�cient to
generalize to all cases of OC; however, providing descriptions of molecular pro�ling in a fresh sample is
important and bene�cial for patients with very rare tumors, from both clinical and translational
standpoints [29]. In addition, although investigations of both tumors and noncancerous samples would
be more desirable, we could not obtain noncancerous fresh samples for experimentation. Finally, we
could not identify the mechanisms underlying the association between miR-146a-5p and Bcl-2 in OC in
this study. Further studies are needed to con�rm these �ndings.

OC is a rare type of breast cancer. To the best of our knowledge, signi�cant changes in the expression of
miR-146a-5p and Bcl-2 in OC, in comparison with IDC, have not been previously reported. Therefore, our
�ndings could help improve the understanding of this rare tumor.

Abbreviations
mRNA: messenger RNA

OC: oncocytic carcinoma

miRNA: microRNA

IDC: invasive ductal carcinoma

HER2: human epidermal growth factor receptor 2

GCDFP-15: gross cystic disease �uid protein 15

RT-PCR: reverse transcription polymerase chain reaction

mito-miR: mitochondrial miRNA



Page 6/10

Declarations
Ethics approval and consent to participate: This study was approved by the Institutional Review Board of
Hiroshima University Hospital. Written informed consent was obtained from the patients before
enrollment.

Consent for publication: Written informed consent for the publication of the clinical data including photos
and images was obtained from the patients.

Availability of data and materials: All analyzed data is included in this published article.

Competing interests: The authors declare that they have no competing interests.

Funding: This study received no �nancial support from any funding agency in the public, commercial, or
not-for-pro�t sectors.

Authors' contributions: RT provided the clinical data included in the text; YK wrote the manuscript; TS and
KK acquired and interpreted clinical data; YD performed the pathological examination; YY, SF and HT
performed and analyzed the experimental examination; MO revised the manuscript. All authors issued
�nal approval for the version to be submitted.

Acknowledgements: Not applicable.

References
1. Chang A, Harawi SJ. Oncocytes, oncocytosis, and oncocytic tumors. Pathol Annu. 1992;27:263–304

2. Tan PH, Ellis I, Allison K, Brogi E, Fox SB, Lakhani S et al. The 2019 WHO classi�cation of tumours of
the breast. Histopathology. 2020;77:181–5

3. Zaratiegui M, Irvine DV, Martienssen RA. Noncoding RNAs and gene silencing. Cell. 2007;128:763–76

4. Bartel DP. MicroRNAs: target recognition and regulatory functions. Cell. 2009;136:215–33

5. Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and function. Cell. 2004;116:281–97

�. Pasquinelli AE. MicroRNAs and their targets: recognition, regulation and an emerging reciprocal
relationship. Nat Rev Genet. 2012;13:271–82

7. Chen CZ. MicroRNAs as oncogenes and tumor suppressors. N Engl J Med. 2005;353:1768–71

�. Ambros V. MicroRNA pathways in �ies and worms: growth, death, fat, stress, and timing. Cell.
2003;113:673–6

9. Tüfekci KU, Oner MG, Meuwissen RL, Genç S. The role of microRNAs in human diseases.
Methods Mol Biol. 2014;1107:33–50

10. Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D, et al. MicroRNA expression pro�les
classify human cancers. Nature. 2005;435:834–8



Page 7/10

11. Weiland M, Gao XH, Zhou L, Mi QS. Small RNAs have a large impact: circulating microRNAs as
biomarkers for human diseases. RNA Biol. 2012;9:850–9

12. Labbaye C, Testa U. The emerging role of MIR-146A in the control of hematopoiesis, immune
function and cancer. J Hematol Oncol. 2012;5:13

13. Giuliani A, Prattichizzo F, Micolucci L, Ceriello A, Procopio AD, Rippo MR. Mitochondrial (Dys)
function in in�ammaging: do MitomiRs in�uence the energetic, oxidative, and in�ammatory status of
senescent cells? Mediators In�amm. 2017;2017:2309034

14. Jaquenod De Giusti C, Roman B, Das S. The in�uence of microRNAs on mitochondrial calcium.
Front Physiol. 2018;9:1291

15. Rippo MR, Olivieri F, Monsurrò V, Prattichizzo F, Albertini MC, Procopio AD. MitomiRs in human
in�amm-aging: a hypothesis involving miR-181a, miR-34a and miR-146a. Exp Gerontol.
2014;56:154–63

1�. Xu D, Takeshita F, Hino Y, Fukunaga S, Kudo Y, Tamaki A, et al. miR-22 represses cancer progression
by inducing cellular senescence. J Cell Biol. 2011;193:409–24

17. Asa SL. My approach to oncocytic tumours of the thyroid. J Clin Pathol. 2004;57:225–32

1�. Durham JR, Fechner RE. The histologic spectrum of apocrine lesions of the breast. Am J Clin Pathol.
2000;113(suppl_1):S3-18

19. Gasparre G, Romeo G, Rugolo M, Porcelli AM. Learning from oncocytic tumors: why choose
ine�cient mitochondria? Biochim biophys acta. 2011;1807:633–42

20. Tallini G, Ladanyi M, Rosai J, Jhanwar SC. Analysis of nuclear and mitochondrial DNA alterations in
thyroid and renal oncocytic tumors. Cytogenet Cell Genet. 1994;66:253–9

21. Fridman E, Dotan Z, Barshack I, et al. Accurate molecular classi�cation of renal tumors using
microRNA expression. J Mol Diagn. 2010;12):687–96

22. Barrey E, Saint-Auret G, Bonnamy B, Damas D, Boyer O, Gidrol X. Pre-microRNA and mature microRNA
in human mitochondria. PLOS ONE. 2011;6:e20220

23. O’Brien J, Hayder H, Zayed Y, Peng C. Overview of microRNA biogenesis, mechanisms of actions, and
circulation. Front Endocrinol. 2018;9:402

24. Leung AKL. The whereabouts of microRNA actions: cytoplasm and beyond. Trends Cell Biol.
2015;25:601–10

25. Gao W, Hua J, Jia Z, Ding J, Han Z, Dong Y, et al. Expression of miR-146a-5p in breast cancer and its
role in proliferation of breast cancer cells. Oncol Lett. 2018;15:9884–8

2�. Wang X, Lu H, Li T, Yu L, Liu G, Peng X, et al. Krüppel-like factor 8 promotes tumorigenic mammary
stem cell induction by targeting miR-146a. Am J Cancer Res. 2013;3:356–73

27. An J, Lv J, Li A, Qiao J, Fang L, Li Z, et al. Constitutive expression of Bcl-2 induces epithelial-
Mesenchymal transition in mammary epithelial cells. BMC Cancer. 2015;15:476

2�. Certo M, Del Gaizo Moore V, Nishino M, Wei G, Korsmeyer S, Armstrong SA, et al. Mitochondria
primed by death signals determine cellular addiction to antiapoptotic BCL-2 family members. Cancer



Page 8/10

Cell. 2006;9:351–65

29. Nissen T, Wynn R. The clinical case report: a review of its merits and limitations. BMC Res Notes.
2014;7:264

Figures

Figure 1

Preoperative imaging studies A, Gross appearance of the left breast. B, Ultrasonographic view of a mass
with uncircumscribed margin, showing a complex cystic and solid echo pattern. C, Magnetic resonance
image of a partially enhanced, heterogeneous mass indicating invasion into the skin and pectoralis major
muscle. D and E, Views on positron emission tomography–computed tomography, showing 18-F
�uorodeoxyglucose uptake values of 10.2 for the breast tumor (D) and 8.0 for the axial lymph node (E).
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Figure 2

Pathological �ndings in the surgical specimen from the left breast A, Macroscopic appearance. B, A slice
of the specimen showing involvement of the skin and pectoralis major muscle. C, Hematoxylin and eosin
staining showing tumor cells with abundant acidophilic granular cytoplasm (400×). D and E,
Immunohistochemical staining showing positive antimitochondrial antibody and negative gross cystic
disease �uid protein 15 (400×).
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Figure 3

Differential expression of miR-146a-5p and Bcl-2 in oncocytic carcinoma (OC) and invasive ductal
carcinoma (IDC) A and B, The relative expression level of miR-146a-5p (A) and Bcl-2 messenger RNA (B)
in IDC and OC, which was examined with reverse transcription polymerase chain reaction (p < 0.01). C,
immunohistochemical staining of Bcl-2 in IDC (upper) and OC (lower). The intensity of staining was
stronger in OC than in IDC (400×). GAPDH, glyceraldehyde 3-phosphate dehydrogenase; mRNA,
messenger RNA; miRNA, microRNA.
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