
Conclusions

New molecular targets for overcoming drug resistance in Triple Negative Breast Cancer

Results and discussion

Introduction
Triple negative breast cancer (TNBC) is an aggressive cancer with patient survival rarely exceeding five years. The lack of a targeted therapy and the TNBC heterogeneity highlighted the urgent need to identify novel therapeutic targets and develop effective medicines able to overcome drug resistance also hindering the typical TNBC metastatic pattern (i.e. frequent occurrence of distant metastases, 
mainly localized in lung, central nervous system, and bones) often associated with poor prognosis. In this regard, in the present work we highlighted the effects of a novel medicinal mushroom blend, named “Micotherapy U-care”, on the cerebellum of 4T1 tumour bearing mice. A promising adjuvant in cancer therapy, consisting of a mixture of mycelium and sporophores extracts of five mushrooms 

species (Agaricus blazei 20%, Ophiocordyceps sinensis 20%, Ganoderma lucidum 20%, Grifola frondosa 20%, and Lentinula edodes 20%).

Aim
In this study we investigated the molecular mechanisms underlying the involvement of cellular 

death pathways, in a breast cancer mouse model supplemented with the novel medicinal 
mushrooms blend. In particular, we paying attention to the expression/modification of anti-
and proapoptotic molecules, respectively BCL2 and Bax, as well as the involvement of the 

Apoptosis Inducing Factor (AIF).

Materials and methods
After the acclimatization, 4T1 M. U-care mice (treated, n=16) received a drink made of Micotherapy U-care (A.V.D. Reform s.r.l., Noceto, Parma, Italy) solubilized in water. The remaining mice, named 4T1 (not-treated, n=14), and healthy control mice (n=4), were fed without any diet supplementation. 

Subsequently, the syngeneic tumour-bearing mice were generated by injecting 106 of the 4T1 cells into the nape of the neck of 4T1 M. U-care and 4T1 female BALB/c mice. After 95 days, the cerebella were excised, fixed in 4% parafolmaldehyde and embedded in Paraplast-x-tra (sigma). 
Immunohistochemistry on cerebellar sections were performed to assess the expression of BCL2, Bax and AIF proteins. Immunohistochemical labelling intensity was measured by means of optical density (OD) and cell density analysis (ImageJ 1.46p; NIH, Bathesda, MA USA). p values were calculated 

by one-way ANOVA followed by Bonferroni’s post-hoc test and unpaired Student’s t-test (GraphPad software, Inc). 

In the present study, we demonstrated that “Micotherapy U-care” supplementation significantly affect cells death pathway in metastatic cerebellum of a TNBC mouse model, providing a protective effect on cerebellar neurons, trough the modulation of several apoptotic markers, i.e. B-cell lymphoma 2, 
BCL2 Associated X and Apoptosis Inducing Factor proteins. In particular, this new mycotherapic blend seems to activate cell death mechanisms in the metastatic cells of tumour bearing mice, leading to an increase of cell death phenomena  in these transformated cells, parallelly with an increased 

expression of antiapoptotic molecules, i.e. BCL2, in Purkinje neurons and a reduction in cell death markers expression, i.e. AIF, in the interneurons of supplemented animals. Taken together our results provide a strong evidence that “Micotherapy U-care” supplementation could improve the quality of life 
and reduced the adverse effect of conventional anti-cancer therapies in TBNC patients, as demonstrated in our previous work on TBNC lung metastases. However, further study are need to clarify the involvement of other crucial pathway in these breast cancer model, e.g. activation/modulation of 

inflammatory and oxidative stress pathways, as well as the involvement of the same pathways in other target organs.

Quantitative analysis for BCL2 showed a very significant increase of Purkinje cells optical density 
immunolabelling in 4T1 M. U-care animals (b and c) compared to control mice (a). No difference 

was observed when comparing the Pcs OD of the 4T1animals (d-f) with both control and 4T1 M. U-
care mice (Panel A).

Contrarily, a very significant increase of immunolabeling was measured in the metastases of 4T1 
mice compared to 4T1 M. Ucare (Panel B).
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After immunoreaction for Bax, an extremely significant increase of both OD (Panel A) and 
immunolabelled cell density (Panel B) was observed in the metastases of 4T1 M.Ucare animals (b and c) 

compared to the same cell type of 4T1 mice (d-f).
No immunopositivity was observed in other cell types, either in control animals (a) or in the two groups 

of tumour bearing mice.

The AIF immunoreaction revealed an extremely significant increase of immunolabelled cells density in the molecular layer (ML) of 4T1 mice (d-f), 
compared to both 4T1 M. U-care (b and c) and control mice (a). However, a very significant increase of immunopositive cells density was observed 

in this layer of cerebellar cortex of 4T1 M. U-care mice compared to controls (Panel A).
Densitometric analysis revealed an extremely significant increase of ML interneurons OD in 4T1 animals compared to controls, as well as between 

4T1 M. U-care and control animals. No difference was observed in the OD of this cell type between 4T1 and 4T1 M. U-care mice (Panel B).
Extremely significant was also the increase of PCs OD in 4T1 animals compared to controls, which remains significant even when compared with 

the same neuronal population of 4T1 M.U-care mice. Similarly, very significant was the difference between 4T1 M.Ucare and control animals 
(Panel C). In addition, several immunolabeled micro-metastases scattered in the different layers of the cerebellar cortex was observed only in the 

4T1 animals.
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