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Abstract: Phyllodes tumor of the breast is a rare fibroepithelial lesion characterized by a propensity for local recur-
rence and distant metastasis. Its histologic classification, based on morphology, mitotic index and tumor margin, 
includes malignant, borderline, and benign. These tumors show similar cellular morphology, which may contribute 
to difficulty in classifying them histologically and in prediction of their clinical behavior. Thus, the identification of 
new biomarkers detectable also by in situ methods has become indispensable. Paralogous HOX13 genes (HOX A13, 
HOX B13, HOX C13 and HOX D13) play a relevant role in tumor development and progression in particular in breast 
cancer. In this study we analyzed the immunohistochemical expression of paralogous HOX13 homeoproteins on a 
phyllodes tumor case series to validate their usefulness in histologic classification.
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Introduction

Phyllodes tumor (PT) of the breast is a  
rare fibroepithelial neoplasm, accounting  
for 0.3% to 1% of all breast tumors and charac-
terized by a propensity for local recurrence  
and distant metastasis [1]. Morphologically,  
PT is characterized by prominent leaf-like 
fronds, but it may exhibit histological features 
similar to the more common benign fibroade-
noma. Both fibroadenoma and PT are biphasic 
breast tumors harboring both a mesenchymal 
and an epithelial component. During PT tumor 
evolution the loss of stromal-epithelial interde-
pendency, leads to an increase of stromal pro-
liferation/transformation that becomes preva-
lent. The histologic classification of PT proposed 
by the World Health Organization (WHO) [2] 
graded them into malignant (Figure 1A), bor-
derline (Figure 1F), and benign (Figure 1K) 
based on morphology (stromal cellularity, 
nuclear atypia, stromal overgrowth), mitotic 
index and tumor margin. Clinically, benign phyl-

lodes tumors do not show a propensity  
to metastasize, but they may recur locally. 
Borderline tumors show a higher local recur-
rence ability and may rarely metastasize,  
while malignant tumors show higher local 
recurrence and distant metastasis propensity 
[1]. 

Whereas it is fairly easy to distinguish fibroade-
noma from PT, benign, borderline and malig-
nant PTs showed similar cellular morphology 
and a documented genetic heterogeneity, 
which may contribute to difficulty in classifying 
them histologically and in prediction of their 
clinical behavior. In addition, since the diagno-
sis of these lesions is performed in the first 
instance on micro-histologic samples (core 
biopsy) considering only the morphological 
characteristics, the absence of specific bio-
markers makes the differential diagnosis very 
difficult. This led to the production of a series 
of molecular studies for the identification of 
differentially expressed genes. Comparing 
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expression signatures of PT and fibroadeno-
mas revealed several genes that may be 
involved in clonal progression of fibroadenoma 
to PT, in particular overexpression of the tran-
scriptional factor HOXC13 [3]. Moreover, the 
aberrant expression of another member of the 
paralogous 13 HOX genes family, HOXB13, in 
stromal cells of PT has been significantly cor-
related with tumor grade and histologic fea-
tures and can distinguish borderline and 
malignant phyllodes tumors [4].

HOX genes represent key determinants of 
embryonic development and their deregulation 
was associated with structural abnormalities 
and different human diseases, especially can-
cer [5]. Paralogous HOX13 genes (HOXA13, 
HOXB13, HOXC13 and HOXD13) play a relevant 
role in tumor development and progression, in 
particular in breast cancer [6].  

Although the genomic landscapes of PT provid-
ed insights into molecular pathogenesis of PT 
and help to improve diagnostic accuracy, also 
identifying potential drug targets in malignant 
PT, in situ methods are the most accessible in 
the pathology laboratory, and an immunophe-
notypic characterization of PTs would repre-
sent a helpful diagnostic tool.

In this study, we analyzed the immuno- 
histochemical (IHC) expression of HOXA13, 
HOXB13, HOXC13, and HOXD13 homeopro-
teins on a PT case series to validate their use-
fulness in classifying phyllodes tumors. 

From 2005 to 2018, 28 Formalin Fixed Paraffin 
Embedded (FFPE) samples from breast cancer 
patients were retrieved from the athology unit, 
at the National Cancer Institute “Giovanni 
Pascale Foundation” of Naples, Italy. All select-
ed cases were phyllodes breast tumors histo-
logically classified as benign (10 samples), bor-
derline (10 samples), and malignant (8 samples) 
PT tumors. This classification focused on the 
degree of stromal hypercellularity, stromal cell 
atypia, stromal overgrowth, mitotic count, and 
nature of the microscopic borders.

Immunohistochemical staining was done on 
slides from formalin-fixed, paraffin embedded 
tissues to evaluate the expression of paralo-
gous 13 HOX genes as previously described 

[7-9] with anti-HOXA13 antibody (Rabbit poly-
clonal, Abcam, dilution 1:200), anti-HOXB13 
antibody (Mouse monoclonal, Abcam, dilution 
1:1200), anti-HOXC13 antibody (Mouse poly-
clonal, Abcam, 1:50), anti-HOXD13 antibody 
(Rabbit polyclonal, Abcam, dilution 1:100). The 
sections were counterstained with hematoxylin 
and mounted and results were interpreted by 
two pathologists (GB and MDB) using a light 
microscope. For each sample, at least five 
fields (inside the tumor and in the peripheral 
areas) and >500 cells were analysed. Using a 
semi-quantitative scoring system microscopi-
cally and referring to each antigen scoring 
method in other studies, each observer evalu-
ated the intensity, extent, and subcellular distri-
bution. For all paralogous 13 HOX genes we 
only considered nuclear staining in the epithe-
lial and stromal cells of the tumor. Staining 
intensity was graded as follow: absent, weak, 
moderate, and intense (0, +/-, + and ++).

In all analyzed cases, HOXA13 IHC expression 
had a similar trend in malignant, borderline, 
(Figure 1G) and benign (Figure 1L) PTs; only an 
upregulation (++) was observed in tumor sto-
mal cells of malignant PTs (Figure 1B). HOXB13 
showed an overexpression (++) in tumor stro-
mal cells of malignant PTs (Figure 1C), a low 
expression (-/+) in borderline PTs (Figure 1H), 
and absence of expression in tumor stromal 
cells of benign PTs (Figure 1M), as previously 
demonstrated [4]. A high HOXC13 protein 
expression was predominantly present only in 
malignant PT (Figure 1D). For HOXA13, 
HOXB13, and HOXC13 markers, weak expres-
sion was present in epithelial cells of all three 
PT types. HOXD13 was silent in all PTs ana-
lyzed (Figure 1E, 1J, 1O). 

These results highlighted an important role  
of the paralogous 13 HOX genes, in parti- 
cular HOXA13, HOXB13, and HOXC13, in  
PT pathogenesis, suggesting the possibility  
of using an immunohistochemical panel (Table 
1) to discriminate mainly malignant from  
borderline PTs. The use of these markers could 
be useful not only to classify phyllodes tumors 
but also to predict the biologic evolution of 
these tumors since their prognostic value is 
amply demonstrated in different solid tumors 
[10]. 
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Table 1. Schematic representation of paralogous 13 HOX proteins’ IHC expression in epithelial and tumor stromal cells of phyllodes tumors
HOXA13 HOXB13 HOXC13 HOXD13

Malignant PT Epithelial cells +
Tumor stromal cells ++

Epithelial cells +
Tumor stromal cells ++

Epithelial cells +
Tumor stromal cells ++

Epithelial cells -
Tumor stromal cells -

Borderline PT Epithelial cells +
Tumor stromal cells +

Epithelial cells +
Tumor stromal cells -/+

Epithelial cells -
Tumor stromal cells -

Epithelial cells -
Tumor stromal cells -

Benign PT Epithelial cells +
Tumor stromal cells +

Epithelial cells +
Tumor stromal cells -

Epithelial cells -
Tumor stromal cells -

Epithelial cells -
Tumor stromal cells -

Figure 1. Phyllodes tumors of the breast: (A) Malignant tumor: H&E staining (20×); (B) HOXA13, (C) HOXB13, (D) HOXC13, and (E) HOXD13 IHC expression (20×); 
(F) Borderline tumor: H&E staining (20×); (G) HOXA13, (H) HOXB13, (I) HOXC13, and (J) HOXD13 IHC expression (20×); (K) Benign tumor: H&E staining (20×); (L) 
HOXA13, (M) HOXB13, (N) HOXC13, and (O) HOXD13 IHC expression (20×). 
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