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SUMMARY 

•  Common themes for chronic diseases 

•  Zinc functions: from a common role to a very specific anti-cancer 
role  



Common themes for chronic diseases 



Roy AM Haast et al., 2012 

A first common theme for chronic diseases (1) 



Mostafalou & Abdollahi, 
2013 

A second common theme for chronic diseases 



A third common theme for chronic diseases (1) 

Johnson Sc et al., 2012 	  	  



A third common theme for chronic diseases (2) 

Johnson Sc et al., 2012 	  	  



Linking common themes: 
the essential micronutrient zinc (1) 

Dietary sources. 
 
Mainly…   Meat 

    Fish 
 
But also… 

    Legumes 
    Seeds 
    Dried fruits 
    Dark chocolate 

 
And less in…   Dairy products 

Tissue localization. 
 
Mainly…  muscles and bones (85%) 
 
But also…  skin and liver (11%) 

     
And less in…  all remaining tissues (4%) 
 
 
…. in male mammals prostate is a 
key reservoir for reproductive 
functions 

Chasapis CT et al., 2012 
INRAN databases 

A. Carracci – Il mangiatore di fagioli 



Functions of the essential micronutrient zinc 

Zinc role: catalyst, structural, and regulatory ion. 
 

Essential for growth and development (mainly muscle and bones, but also skin, liver and 
reproductive tissues). 
 

Critical effect in homeostasis, in immune function, in oxidative stress, in 
apoptosis, and in aging,	  and significant disorders of  great public health interest are 
associated with zinc deficiency. 
 

In many chronic diseases, including atherosclerosis, several malignancies, neurological 
disorders (i.e. depression and Alzheimer disease), autoimmune diseases, diabetes, aging, age-
related degenerative diseases, and Wilson's disease, the concurrent zinc deficiency 
may complicate the clinical features, affect adversely immunological status, increase 
oxidative stress, and lead to the generation of  inflammatory cytokines. 
 

In these diseases, oxidative stress and chronic inflammation may play important 
causative roles. It is therefore important that status of  zinc is assessed in any case and zinc 
deficiency is corrected, since the unique properties of  zinc may have significant therapeutic 
benefits in these diseases. 

Chasapis CT et al., 2012 



Mostafalou & Abdollahi, 
2013 

Zinc functions overlap many endocrine and/or age-related disease 



Zinc functions: 
from a common role to a very specific anti-cancer role 



The concept of genetic/metabolic development of malignant cells 
& 

The concept of the role of Zn2+ and altered citrate metabolism in the 
development of prostate malignancy 

Costello LC, Franklin RB, 2012 



The metabolic pathway and bioenergetics of net citrate production in 
prostate cells 

Zn2+ 

citrate 
PSA/KLK3 
other KLKs 

LNCaP 

Costello LC, Franklin RB, 2012 

Lorenzetti et al., 2011 



The pathways of citrate in mammalian cells	  

  Pathway of  citrate synthesis common to all cells (black arrows). 

  Pathway of  citrate oxidation via the Krebs cycle (blue arrows). 

  Pathway of  citrate export and utilization for lipogenesis/cholesterogenesis (red arrows). 

  Pathway of  citrate secretion that occurs only in normal prostate cells (green arrow). 

Costello LC, Franklin RB, 2012 



Comparison of zinc levels in normal, benign, and cancer tissue.	  

Each	  point	  represents	  a	  sample	  from	  a	  different	  subject	  

Costello LC, Franklin RB, 2012 



Normal patients 
(blood level range) 

PROSTATITIS BPH PCa 

Zn2+ 80-112 µg/100ml ↑ (160-165) ↑↑↑ (165-180) ↓↓↓ (55-65) 

PSA 0.6-4.2 ng/ml ↔	  (3.2-6.2) ↑	  (1.6-8.6) ↑	  (6.8-35.0) 

Conclusions and discussion: 
Linking Zn2+ to PSA in prostate diseases’ screening 

Goel T, Sankhwar SN., 2006 



  Human prostate glandular epithelial cells have the unique capability of accumulating high 
levels of zinc.	  This is essential to inhibit m-aconitase activity so that citrate can 
accumulate for secretion into prostatic fluid,	  which is a major function of  the prostate 
gland. As a result, the Krebs cycle is truncated with the consequence of  the lost ATP 
production that would result from citrate oxidation. 

  The cellular accumulation of zinc also inhibits mitochondrial terminal oxidation and 
respiration. In addition to these metabolic effects, zinc accumulation exhibits anti-
proliferative effects via its induction of mitochondrial apoptogenesis. Zinc 
accumulation also inhibits the invasive/migration activities in malignant prostate 
cells. The anti-proliferative effects and the effects on invasion and migration occur through zinc 
activation of specific intracellular signaling pathways. Consequently, these effects impose 
anti-tumor actions by zinc. 

  The ability of  prostate cells to accumulate zinc is due to the expression and activity of  the zinc 
uptake transporter, ZIP1. To avoid the anti-tumor effects of zinc, in prostate 
cancer the malignant prostate cells exhibit a silencing of ZIP1 gene expression 
accompanied by a depletion of cellular zinc. Therefore we regard ZIP1 as a tumor 
suppressor gene in prostate cancer. 

  In addition to prostate cells, similar tumor suppressor effects of zinc have been 
identified in several other types of tumors. 

Prostate cancer: a lesson for others.	  
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Prostate cancer: a lesson for others: 
but how?	  

Dual effects of zinc 
in Bax-associated induction 

of mitochondrial apoptogenesis 
in malignant prostate cells.  

  Pathway 1 represents an effect of  zinc on Bax expression that increases the cellular level of  Bax 
(TF=transcription factor) 

  Pathway 2 represents the effect of  zinc on the mitochondrial insertion and oligomerization of  Bax 
that leads to pore formation for the release of  cytochrome c 



TERAPIE	  ANTI-‐TUMORALI	  «in	  corso	  di	  valutazione»	  

«NATURAL»	  DRUGS	   SYNTHETIC	  DRUGS	  

Soy	  isoflavones	   SERMs:	  
tamoxifen	  and	  raloxifene	  

Lycopene	  (tomatoes)	  	   5α-‐reductase	  inhibitors:	  
finasteride	  and	  dutasteride	  

Resveratrol	  
(grapes	  and	  red	  wine	  &	  fruits)	  	  

Aromatase	  inhibitors:	  
anastrozole	  and	  exemestane	  

Omega‑3‑faXy	  acids	  (fish	  oil)	   	  	   MeYormin	  

Pomegranate	  	   	  	  	  	  	  	  	  Aspirin	  (off-‐label) 	  	  
Curcumin	  

Primary prevention vs pharmacological treatment 
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  5 (O 6) PORZIONI AL GIORNO DI FRUTTA E VERDURA 
DA ALTERNARE IN BASE AL COLORE E QUINDI 
IN BASE AL CONTENUTO DELLE DIVERSE CLASSI DI COMPOSTI BIOATTIVI 

Plant bioactive compounds 


