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A commentary on

Fasting-Mimicking Diet Reduces HO-1 to Promote T Cell-Mediated Tumor Cytotoxicity
by Di Biase S, Lee C, Brandhorst S, Manes B, Buono R, Cheng CW, et al. Cancer Cell (2016) 30:136–46. 
doi: 10.1016/j.ccell.2016.06.005

Heme oxygenase (HO)-1 is an evolutionarily conserved enzyme expressed in mammalian cells. 
This protein is the first and rate-limiting enzyme in heme catabolism, degrading heme to equimolar 
quantities of carbon monoxide (CO), free iron, and biliverdin; biliverdin later converts to bilirubin, 
while free iron is directly sequestered by ferritin (1). HO-1 is expressed at low levels under basal 
conditions, and it is induced by polyphenols and a variety of stimuli such as inflammation, oxidative 
stress, hyperoxia, and hypoxia (2). Such upregulation represents an intrinsic defense mechanism to 
maintain cellular homeostasis. In cancer cells, HO-1 is considered to play a major role as an essen-
tial survival factor, protecting against chemotherapy-induced reactive oxygen species increase. In 
particular, exposure to CO sensitized prostate cancer cells but not normal cells to chemotherapy (3). 
Similarly, CO treatment results in positive alterations of tumor microenvironment impeding lung 
cancer growth through the modulation of macrophages (4). Interestingly, recent findings showed 
that other mechanisms not related to HO-1 enzymatic activity might be responsible for its antitu-
mor and chemoresistance activities (5, 6). In particular, HO-1 nuclear translocation has been shown 
mediating, at least in part, some of these activities (7). Surprisingly, so far such non-enzymatic 
effects in cancer cells were only described for tumors of epithelial origin and some hematological 
malignancies. We read with great interest the elegant work of Di Biase et al. (8) in which the authors 
showed that fasting-mimicking diet (FMD) significantly reduced HO-1 expression in cancer cells 
(i.e., breast cancer and melanoma), whereas it increased the protein levels in normal cells. The 
authors further showed that this effect resulted in a significant increase in the number of cytotoxic 
CD8+ tumor-infiltrating lymphocytes. Such conclusions are based on the authors’ data showing that 
induction of HO-1 by pharmacological mean (i.e., hemin) or gene overexpression abolished the 
beneficial effect of FMD mediated HO-1 reduction on chemosensitivity. Interestingly, the authors 
stated in their manuscript that such external manipulation of HO-1 resulted only in a partial abol-
ishment of the STS effects. In this respect, we would like to highlight authors’ data (Figure S5E) 
showing abundant HO-1 protein exclusively in the nuclear fraction in untreated control cells, and 
no signal at all upon STS, meaning that expression rather than nuclear translocation is affected. 
These data do suggest that nuclear HO-1 strongly, if not totally, contributes to 4T1 cells fitness, 
and may lead to the hypothesis that hemin may have a role not only in HO-1 upregulation and 
activation but also on its nuclear import. Consistently with this observation, previous published 
data demonstrated that hemin, a strong inducer of HO-1 expression and HO activity, can induce 
nuclear translocation of HO-1 in two different prostate cancer cells (9). Conversely, the authors also 
showed that HO-1 inhibitor ZnPP sensitized breast cancer cells (4T1) to cyclophosphamide under 

http://www.frontiersin.org/Oncology/
http://crossmark.crossref.org/dialog/?doi=10.3389/fonc.2017.00116&domain=pdf&date_stamp=2017-06-02
http://www.frontiersin.org/oncology/archive
http://www.frontiersin.org/Oncology/editorialboard
http://www.frontiersin.org/Oncology/editorialboard
https://doi.org/10.3389/fonc.2017.00116
http://www.frontiersin.org/Oncology/
http://www.frontiersin.org
https://creativecommons.org/licenses/by/4.0/
mailto:livolti@unict.it
https://doi.org/10.3389/fonc.2017.00116
http://www.frontiersin.org/Journal/10.3389/fonc.2017.00116/abstract
http://www.frontiersin.org/Journal/10.3389/fonc.2017.00116/abstract
http://www.frontiersin.org/Journal/10.3389/fonc.2017.00116/abstract
http://loop.frontiersin.org/people/246511
http://loop.frontiersin.org/people/260245
http://loop.frontiersin.org/people/59983
https://doi.org/10.1016/j.ccell.2016.06.005


2

Li Volti et al. Heme Oxygenase and Fasting

Frontiers in Oncology  |  www.frontiersin.org June 2017  |  Volume 7  |  Article 116

normal conditions in vitro (Figure 4G). It should be taken into 
due account that ZnPP is not a specific inhibitor of HO-1 activity 
since it results also in a significant inhibition of the constitutive 
isoform (i.e., HO-2) activity (10). In addition, ZnPP induce a sig-
nificant increase of HO-1 protein expression due to intracellular 
heme overload, thus providing more substrate for the cleavage 
necessary for nuclear compartmentalization. Finally, this work 
further demonstrates the need of appropriate molecular tools to 
dissect the enzymatic function of HO-1 from its non-canonical 
functions.
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