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Abstract 

Phosphatase and tensin homolog (PTEN), a potent downregulator of the PI3K-Akt pathway, has been 
shown to mediate the interaction between poly (ADP-ribose) polymerases (PARPs) and the mismatch 
repair (MMR) complex in endometrial and ovarian cancer. Drugs inhibiting PARPs (iPARPs) are 
currently considered promising therapeutic tools in a subset of PTEN-defective tumors. Regrettably, the 
frequency and significance of MMR alterations in breast cancer is debated, and their relationship 
with PTEN status has not been investigated in the breast. Furthermore, many of the studies on the DNA 
damage response and its therapeutic implications in breast cancer focus on inherited syndromes (e.g. 
Lynch syndrome and hereditary breast-ovarian cancer syndrome). 
Aims: We sought to explore the interplay between PTEN and the MMR system and to define whether 
PTEN immunohistochemistry (IHC) is a predictor of MMR proficiency in non-familial breast cancers. 
Methods: 373 cases of non-familial breast cancers, including a representative number of no special 
(n=295) and special types (n=78), carefully characterized from clinical and pathological standpoints, 
were reviewed and used to construct 14 tissue microarrays (TMAs). For each case, a mean of 4.5 
tumor tissue cores (range 3 to 6 cores) was sampled, incorporating distinct topographic areas of the 
tumor, as well as matched non-neoplastic breast tissue. Taken together, 1876 spots were generated. 
Each TMA was subjected to IHC for PTEN and the DNA MMR proteins MLH1, MSH2, MSH6 and 
PMS2. In order to minimize human-related biases, each stained slide was digitalized and two 
pathologists blindly analyzed each tumor spot using a dedicated software able to segment and 
randomize TMA cores. The pattern of expression was therefore annotated manually on a digital 
database using a specific add-on module to reconstruct the original topography. 
Results: According to clinicopathologic surrogate definition of intrinsic subtypes, PTEN protein loss or 
heterogeneous expression was more frequent in estrogen receptor negative cancers. Furthermore, 
100% of the MMR-proficient luminal B-like (HER2+) and triple-negative breast cancers displayed strong 
and diffuse homogeneous PTEN expression, while PTEN-positive status identified MMR-proficient 
luminal A-like and luminal B (HER2-) like tumors with accuracy rates of 89.3% and 92.7%, respectively 
(p=0.001, Fisher's exact test). 
Conclusions: The present study is the first to investigate PTEN protein loss in a large set of non-familial 
breast carcinomas based on their DNA MMR status by IHC. Here, we demonstrated that PTEN strong 
and homogeneous expression by IHC is able to capture the vast majority of MMR-proficient non-familial 
breast cancers. Our findings broaden the understanding of the biology underpinning these tumors, 
suggesting that PTEN is likely play a role in the development of MMR alterations. Given that PTEN-
defective breast cancers have the propensity to develop additional somatic alterations in the MMR 
system, our results suggest that IHC for PTEN and MMR proteins may be emplyed as an ancillary 
study to define new subclasses of sporadic breast cancers potentially eligible for iPARPs therapies. 
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