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PErsPECtiVE

Zinc, an essential trace element, 
plays a critical role in cell signal-

ing, and defect(s) in zinc homeostasis 
may contribute to adverse physiologi-
cal and pathological conditions, includ-
ing cancer. Zinc is present in healthy 
prostate at a very high concentration, 
where it is required for important pros-
tatic functions. However, zinc levels 
are significantly diminished in cancer-
ous tissue, and intracellular zinc level 
is inversely correlated with prostate 
cancer progression. During neoplas-
tic transformation, zinc-accumulating, 
citrate-producing normal prostate cells 
are metabolically transformed to citrate 
oxidizing cells that lose the ability to 
accumulate zinc. Interestingly, zinc has 
been shown to function as chemopre-
ventive agent against prostate cancer, 
albeit at high doses, which may lead 
to many adverse effects. Therefore, 
novel means to enhance bioaccumula-
tion of sufficient zinc in prostate cells 
via increasing zinc transport could be 
useful against prostate cancer. On the 
basis of available evidence, we present 
a possibility that the grape antioxidant 
resveratrol, when given with zinc, may 
lead to retuning the zinc homeostasis in 
prostate, thereby abolishing or reversing 
malignancy. If experimentally verified 
in in vivo model(s) of prostate cancer, 
such as transgenic mouse models, this 
may lead to novel means toward man-
agement of prostate cancer and other 
conditions with compromised zinc 
homeostasis.

Introduction

Prostate cancer (PCa) is a major cancer 
of males, and it is estimated that 1 in 6 
men will develop PCa during their life-
time in the USA. Although fatality rate 
due to PCa has decreased over the last 
decades, 10% of all cancer-related deaths 
in men were predicted to be due to PCa in 
2013.1 Therefore, there is still a pressing 
need to develop novel means to prevent, 
diagnose, and effectively treat PCa.

Zinc (Zn), the second most abundant 
trace element in the human body, has 
been shown to be essential for ~300 dif-
ferent cellular and physiological processes, 
including immune functions, protein syn-
thesis, wound healing, and cell division as 
catalytic, structural, and regulatory ele-
ment.2,3 A number of studies have shown 
that the loss of Zn from Zn-dependent 
enzymes or, Zn-finger proteins results 
into their compromised functions. Zn is 
an important cofactor of tumor suppressor 
protein p53, which is frequently mutated 
in cancers. Further, Zn supplementa-
tion has been shown to restore p53 active 
conformation to cells with p53 mutations 
and sensitize them to anticancer drugs.4-6 
However, Morita and colleagues have sug-
gested to exploit the use of Zn chelators 
for protecting against radiation-induced 
p53-dependent apoptosis to partially guard 
the damage of normal cells.7 In addition 
to p53, several other transcription factors 
contain Zn finger DNA-binding motifs. 
Zn finger protein 521 (ZNF521), which 
contains 30 Zn fingers, has been shown to 
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be overexpressed in human medulloblas-
tomas and contribute to the clonogenic 
growth, migration, and tumorigenicity 
of medulloblastoma cells.8 Importantly, 
Zn has also been shown to modulate the 
hypoxia-induced gene expression that 
influences tumor cell response to antican-
cer drugs.9

Zn plays a critical role in a number of 
prostatic functions, including citrate pro-
duction and sperm health. In the healthy 
prostate, Zn is required to establish and 
maintain a special metabolic situation, 
which is unique to the prostate gland 
and is characterized by the production 
and secretion of unusually high amounts 
of citrate. In prostate, high Zn concen-
trations inhibit mitochondrial-aconitase 
enzyme, resulting in a truncation of citric 
acid/Krebs cycle at the first step of citrate 
oxidation. This phenomenon leads to high 
citrate levels in the prostatic fluid, which 
is an important constituent of semen.10 
This is an energy inefficient process, and 
prostate cells spend a huge sum of energy 
to achieve this task.10 In malignancy, pros-
tate cells lose the ability to accumulate Zn, 
which allows them to save energy (by not 
making citrate) and utilize it for growth 
and spread of cancerous cells.10-12

It is conceivable that the progression 
of PCa may be halted if appropriate con-
centrations of Zn are available to prostatic 
tissue. However, a faulty transport of Zn 
into prostate cells leads to a dysregulated 
Zn homeostasis. The reason for this mis-
regulation of Zn homeostasis in PCa is 
believed to be a malfunctioning of Zn 
transporter proteins. Being hydrophilic in 
nature, Zn ions are impermeable for cell 
membranes, and, therefore, shuttling of 
Zn across cellular membranes is achieved 
by Zn transporter proteins. The Zn trans-
porter ZIP1 was the first member of this 
family to be connected with PCa progres-
sion and may be the major regulator of 
Zn transport in this organ.13 However, 
recent studies have also suggested involve-
ment of ZIP2, ZIP3, and ZIP4 in prostate 
malignancy.14,15 Interestingly, the grape 
antioxidant resveratrol has been shown to 
facilitate the accumulation of Zn in human 
prostate epithelial cells.16 Therefore, it is 
conceivable that resveratrol may be useful 
in maintaining Zn homeostasis. In this 
perspective article, on the basis of available 

epidemiological and experimental studies, 
we are presenting evidence that resvera-
trol when given with Zn supplementation, 
could maintain and/or correct Zn homeo-
stasis in prostate, thereby abolishing or 
reversing malignancy.

Zn in PCa Management: 
Promising Evidences from 
Epidemiological Data and  

In Vitro and In Vivo Studies

As discussed above, a high concentra-
tion of Zn is required for several prostatic 
functions, and the prostatic tissue con-
tains more Zn than any other soft tissue 
in human body.2 Interestingly, in the can-
cerous prostatic tissue, the Zn level is sig-
nificantly diminished (~85% vs. normal 
tissue).11,12 Further, intracellular Zn levels 
have a strong inverse correlation with PCa 
progression.10 A very interesting recent 
study has suggested an inverse associa-
tion between soil Zn concentrations and 
PCa rates in the state of South Carolina.17 
Recently, Costello and Franklin suggested 
that the decrease in Zn uptake as well as 
downregulation of ZIP1 transporter are 
required events for prostate malignancy.18 
Furthermore, depleted prostatic Zn level 
due to compromised Zn transporters 
function as a PCa hallmark characteristics 
(reviewed in ref. 19).

The idea of targeting tissue Zn concen-
tration to delay/reverse PCa progression 
seems obvious and has been pursued for 
many years using a variety of approaches. 
A number of epidemiological studies have 
assessed the relationship between Zn 
intake and the risk for PCa development in 
humans. Interestingly, while some studies 
have shown an association between high 
Zn intake an reduced PCa mortality,20,21 
others found a contrary scenario, where 
Zn supplementation had either no effect 
or even led to higher risk for PCa.22,23 It 
is possible that these discrepancies in out-
comes are due to variable Zn content in 
food and/or differences in study design; 
for example, some studies focused on 
Zn intake from diet or supplementation 
alone, whereas others assessed the effect 
of Zn intake from a combination of diet 
and supplementation. Costello and col-
leagues suggested that proclamations 

of an association of dietary/supplemen-
tal Zn and increased PCa are based on 
inconclusive and uncorroborated reports, 
and are in contrast to established clini-
cal and experimental evidences that show 
the association of reduced Zn accumula-
tion with PCa progression.24 Further, the 
observed differences may also be due to 
compromised status of different Zn trans-
porters at different stages of PCa progres-
sion and/or because of the different ethnic 
backgrounds of subjects under investiga-
tion.19,25 It will be important to mention 
here that the recommended daily allow-
ance (RDA) for Zn is 11 mg/day for males 
and 8 mg/day for females.26,27

Similarly, a plethora of in vitro studies 
has suggested anti-proliferative efficacy 
of Zn in PCa cells. In one of the earliest 
in vitro studies evaluating the effect of 
Zn supplementation on PCa cells, Liang 
et al. found that Zn inhibited cell growth 
and induced cell cycle arrest and apop-
tosis in LNCaP and PC3 cells.28 These 
findings were supported by studies from 
other laboratories. Uzzo and colleagues 
demonstrated that Zn inhibited NF-κB 
activation and sensitized PCa cells to 
cytotoxic agents.29 Interestingly, Wong 
and Abubakar found that a continuous 
exposure of LNCaP cells to Zn resulted 
in an overexpression of certain cancer-
promoting genes.30

Zn has also been shown to inhibit PCa 
growth in vivo. Prasad and colleagues 
recently conducted a study to determine 
the effect of Zn supplementation on PCa 
development and progression in a trans-
genic adenocarcinoma of mouse pros-
tate model (TRAMP mice).31 Results 
from this study suggested that optimal 
Zn concentration is important in pros-
tate carcinogenesis. The authors found 
that Zn-deficient diet (no Zn) as well as 
high-Zn (150 ppm Zn) diet enhances PCa 
tumor growth in TRAMP mice, whereas 
normal Zn diet (at 30 ppm Zn) was found 
to have a protective role.31 This study con-
cluded that optimal Zn concentration 
may have a protective role against PCa.

In another interesting study, in order 
to avoid the bioavailability issue, Shah 
et al. determined the effect of direct 
intra-tumoral injection of Zn into pros-
tate tumors in an immunocompromised 
mouse model. The authors found that Zn 



©
20

14
 L

an
de

s 
B

io
sc

ie
nc

e.
 D

o 
no

t d
is

tri
bu

te
.

www.landesbioscience.com Cell Cycle 1869

treatments halted the growth of the pros-
tate tumors and extended the survival of 
the animals.32 This study provides a ratio-
nale that an appropriate amount of Zn 
bioavailable in prostatic tissue may be use-
ful in PCa management.

Zn Transporter Proteins:  
The Control Panel of Zn 

Homeostasis

Maintaining an optimal intracellu-
lar Zn concentration is crucial for many 
cellular functions, especially because Zn 
serves as a catalytic or structural cofac-
tor for a variety of different proteins. 
Although, a number of proteins may be 
involved in regulating cellular Zn homeo-
stasis, the most prominent are 2 protein 
families of Zn transporters, solute carrier 
family 39 (SLC39) and solute carrier fam-
ily 30 (SLC30), which work in opposite 
directions33 (Tables 1 and 2).

The SLC39 family, also called ZIP 
transporter proteins, consists of 14 mem-
bers, functions as endogenous Zn uptake 
transporter, and is responsible for Zn 
import into the cytoplasm, either through 
the plasma membrane or out of intracellu-
lar organelles.34,35 Their counterparts, the 
10 members SLC30 family, also known as 
ZnT transporter proteins, reduce the cyto-
plasmic Zn concentration by transporting 
it out of the cell or into organelles, thus 
preventing Zn toxicity. They are located 
in the cell membrane as well as in mem-
branes of endoplasmic reticulum, mito-
chondria, Golgi, and vesicle.36

Downregulation of ZIP1 has been 
shown as one reason for the reduced Zn 
bioaccumulation in prostatic tissue and is 
believed to be an early event during pros-
tate carcinogenesis.13,37 Studies have also 
shown downregulation of ZIP2, ZIP3, 
and ZIP4 in malignant prostate cells.14,15 
The status and role of ZIP5–ZIP14 are 
established in other organs or disease 
conditions (Table 1).37-51 However, their 
expression status and/or functional sig-
nificance are not known in PCa. Similarly, 
limited information is available regard-
ing the role of ZnT transporters in PCa. 
Modulations in ZnT1–ZnT4 and ZnT7 
have been reported during prostate car-
cinogenesis; however, the role of ZnT5, 

ZnT6, and ZnT8–ZnT10 are not known 
(Table 2).52-62 The investigation on Zn 
transporters and Zn homeostasis during 
prostate carcinogenesis is still in infancy, 
and the possible involvement of other ZIPs 
and ZnTs in PCa development and/or pro-
gression cannot be ruled out. Further, an 
important biological question that needs 
to be answered is: how do ZIPs and ZnTs 
coordinate with each other to maintain Zn 
homeostasis in healthy prostate vs. PCa? It 
is not clear if the different forms of ZIPs 
and ZnTs have any functional redundancy?

Other Important Zn-Influencing 
Regulators: An Ongoing 

Investigation

Limited research has been done to 
identify the factors, other than Zn trans-
porters, which influence the homeostasis 
and bioavailability of Zn in tissues and 
organs. The expression of ZIP1 has been 
shown to be influenced by the Zn fin-
ger transcription factor Ras responsive 
element binding protein-1 (RREB1). It 
is known that binding of RREB1 to the 
ZIP1 promoter inhibits its transcrip-
tion and expression.63,64 RREB1 is acti-
vated by the RAS-RAF-MEK-ERK 
pathway, which is hyperactive in PCa. 
Overexpression of RREB1 contributes to 
the loss of ZIP1 expression and, thereby, 
depletion of intracellular Zn in PCa.64,65 
Other Zn-influencing proteins are the 
4 isoforms of metallothioneins (MT). 
Among these, MT1 and MT2 are ubiqui-
tously expressed, whereas MT3 and MT4 
are mainly found in the central nervous 
system. They function as major intracel-
lular Zn-binding proteins, thereby regu-
lating the available Zn content inside the 
cell.66 Wei and colleagues67 demonstrated: 
(1) a significant downregulation of endog-
enous levels of MT1/2 in PC3 cells (95% 
reduction compared with the normal pros-
tate cells) and in human adenocarcinoma 
tissues (73% MT1/2 negative) and (2) a 
moderate reduction of MT1/2 in BPH. 
Interestingly, in this study, Zn treatment 
was found to induce MT1/2 expression in 
PC3 and BPH cells, which corresponded 
with the restored cellular Zn level.67 This 
study suggested the potential of MT1/2 
as a candidate biomarker for PCa and the 

possible usefulness of Zn in PCa manage-
ment.67 Further, matrix metalloprotein-
ases (MMPs), a large family of at least 20 
Zn-dependent neutral endo-peptidases, 
have the ability to degrade all known com-
ponents of extracellular matrix (ECM). 
Indeed, a critical characteristic that meta-
static cancer cells acquire, is the ability to 
dissolve basement membranes and ECM. 
This degrading process is mediated largely 
by MMPs and modulations in one or more 
MMPs, and their influence on cancer 
prognosis has been reported in most can-
cers, including PCa.68,69

In an interesting recent study, Makhov 
and colleagues assessed the involvement 
of epigenetic processes in the disruption 
of Zn homeostasis in PCa.70 In this study, 
the authors found an increase in ZIP1 and 
ZIP3 expression and Zn uptake by DU145 
and LNCaP cells in response to 5-aza-
2’-deoxycytidine.70 This effect was attrib-
uted to demethylation of the promoter 
region of the activator protein (AP)-2α 
protein. The authors also found higher 
AP-2α promoter methylation in clinical 
samples of early-stage prostate adenocar-
cinoma when equated with adjacent non-
malignant prostate tissue.70

Resveratrol and PCa

Molecules derived from nature, 
including antioxidant agents that are eas-
ily accessible to human population via 

Figure  1. a schematic representation show-
ing plausible scenario of resveratrol-Zn com-
binatorial action for PCa management.
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dietary means, have been highly valued 
by biomedical researchers. It may not be 
wrong to say that the naturally occur-
ring dietary agents are somewhat opti-
mized via evolution. Considering the 
vastness of nature, it is not unrealistic to 
think that the naturally occurring agents 
may interact with each other to influ-
ence their effectiveness. One such agent 
that received tremendous attention from 
biomedical researchers in the recent past 
is the grape ingredient trans-resveratrol 
(chemically known as trans-3,5,4’-trihy-
droxystilbene).71 Resveratrol is a natu-
rally occurring polyphenolic antioxidant 
compound present in grapes, berries, 
peanuts, and red wine and has shown to 
protect against various diseases, including 
cancer.71,72 Resveratrol has been shown to 
affect numerous cell-signaling molecules, 

and therefore is viewed as a multi-targeted 
agent for age-associated diseases, includ-
ing aging.73,74 A number of in vitro and in 
vivo studies have suggested the anti-pro-
liferative effect of resveratrol against PCa 
(reviewed in ref. 75). Previously we have 
demonstrated that (1) resveratrol imparts 
growth-inhibitory and pro-apoptotic 
effects against human PCa cells without 
affecting the normal prostate epithelial 
cells; and (2) the anti-proliferative effects 
of resveratrol against PCa cells are medi-
ated via modulation of the PI3K/Akt 
pathway and Bcl-2 family of proteins.76 
Baptista and colleagues have shown that 
the resveratrol-mediated activation of 
SIRT1 leads to an abrupt decrease in 
histone variant H2A.Z, which plays a 
critical role in several biological processes 
as well as in prostate carcinogenesis.77 

Epidemiologic studies and laboratory 
observations suggest that excessive gen-
eration of reactive oxygen species impart 
oxidative damage to key regulatory bio-
molecules that affects the normal cellular 
functioning, leading to development and/
or progression of cancers, including PCa. 
Yilmaz and colleagues have shown that 
the malondialdehyde levels were increased 
and the antioxidant activity and Zn levels 
decreased in PCa patients.78 Resveratrol 
has been shown to inhibit PCa progres-
sion in transgenic mouse79 and rat80 mod-
els of PCa. These studies suggest that 
antioxidant resveratrol could be an excel-
lent natural agent for the management of 
PCa. Thus, resveratrol-based combinato-
rial strategies with other agents are being 
increasingly appreciated for cancer man-
agement.81 In this perspective article, we 

Table 1. Details about Zn transporter solute carrier family 39 (sLC39)

Gene Protein Known information Status in PCa References

sLC39a1 ZiP1 the encoded protein is localized to the cell membrane and 
important for the extraction of Zn from circulation as the primary 

source of cellular Zn.

Downregulated 13, 37

sLC39a2 ZiP2 ZiP2 and ZiP3 transporter proteins are localized predominantly at 
the apical cell membrane and important for retention of the Zn in 

the cellular compartment.

Downregulated 14

sLC39a3 ZiP3 Downregulated 14

sLC39a4 ZiP4 ZiP4 is expressed along the gastrointestinal tract and acts as a 
major processor of dietary Zn for loading into enterocytes from 
the apical membrane. ZiP4 has been shown confer resistance to 

Zn-deficiency induced apoptosis in pancreatic cancer.38

Downregulated 15, 38, 39

sLC39a5 ZiP5 ZiP5 localizes specifically to the basolateral membrane of 
polarized cells and carry out serosal-to-mucosal Zn transport.

Not known 40

sLC39a6 ZiP6 ZiP6 overexpression has been noticed in breast cancer which plays 
a tumor-constraining role.

Not known 41

sLC39a7 ZiP7 ZiP7 transports Zn from the Golgi and endoplasmic reticulum to 
the cytoplasm.

Not known 42, 43

sLC39a8 ZiP8 ZiP8 is glycosylated and found in the plasma membrane and 
mitochondria, and functions in the cellular import of Zn at the 
onset of inflammation. in addition, it can also transport iron, 

manganese and cadmium.

Not known 44, 45

sLC39a9 ZiP9 ZiP9 regulates cytosolic Zn level, thereby enhances akt and Erk 
phosphorrylation in B-cell receptor signaling pathway.

Not known 46

sLC39a10 ZiP10 ZiP10 higher expression has been noticed in breast cancer clinical 
samples.

Not known 47

sLC39a11 ZiP11 ZiP11 is a Zn importer, and its expression is regulated by Zn via 
metal-responsive transcription factor-1 (hMtF-1) binding to metal 

response element sequences (MrEs) of the ZiP11 promoter.

Not known 48

sLC39a12 ZiP12 ZiP12 highly expresses in the human brain where it is required for 
neurulation and neurite extension.

Not known 49

sLC39a13 ZiP13 ZiP13 plays an important role in Zn homeostasis by controlling 
vesicular Zn storage.

Not known 50

sLC39a14 ZiP14 Like ZiP8, ZiP14 is also broad scope metal transporter which 
mediate the cellular uptake of nutritionally important 

metals as well as the toxic heavy metal cadmium. ZiP14 
downregulation has been noticed in Hepatocellular cancer.

Not known 45, 51
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are presenting a case for combining res-
veratrol with Zn for the management of 
PCa.

Retuning of Zn Homeostasis by 
Resveratrol: A Novel Concept for 

Prostate Cancer Management

Resveratrol is a powerful antioxidant 
and anti-inflammatory agent that has been 
shown to have promise against a variety of 
cancers, including PCa. In addition to its 
cancer chemopreventive potential, resve-
ratrol has also been shown to increase life 
span by improving cardiovascular health 
and protection against metabolic disor-
ders. Recent investigations are exploring 
the possibility of resveratrol in conjunc-
tion with existing therapeutic modalities 
to enhance their response and limit their 
toxicity. We have recently reviewed the 
available scientific literature suggesting 
that resveratrol may be very useful when 

given in combination with other drugs or 
natural products, for chemoprevention as 
well as cancer treatment.81

In a very interesting study, Zhang and 
colleagues determined the effect of resve-
ratrol and Zn on the intracellular Zn sta-
tus in normal human prostate epithelial 
cells. This study found that resveratrol 
and Zn co-treatment increases total cel-
lular Zn and intracellular free labile Zn in 
normal human prostate epithelial cells.16 
In another study, an increase in plasma 
Zn level was reported in healthy adult 
rats administered with resveratrol.82 These 
studies suggest that resveratrol supple-
mentation may influence Zn homeosta-
sis, possibly via enhancing intracellular 
Zn accumulation. Additionally, another 
recent study has also suggested that resve-
ratrol can improve Zn’s antioxidant capac-
ity.83 Here, it’s important to point out that 
recent evidences, including clinical trials, 
suggest that resveratrol is safe up to a daily 
dose of 1 g, and it has been shown to reach 

tissues remote from the site of absorp-
tion.84 Thus, based on available scientific 
literature, we are proposing that resvera-
trol when given with Zn supplementation 
would maintain and/or correct Zn homeo-
stasis in prostate, thereby abolishing or 
reversing malignancy. A schematic repre-
sentation of this perspective is provided 
in Figure 1. In this scenario, resveratrol is 
expected to amend the circumstances that 
(1) trigger favorable modulations in Zn 
transporters (such as ZIPs and/or ZnTs) 
in the prostate, and/or (2) modulate the 
upstream effectors of Zn transporters 
such as RREB1, whose overexpression is 
known to contribute ZIP1 loss,64,65 and/or 
(3) correct epigenetic disruption of AP2α 
that leads to downregulation of ZIP1 and 
ZIP3,70 and/or (4) modulate metallo-
thioneins.67 Thus, it is possible that res-
veratrol, when given with Zn, should be 
able to enhance its bioaccumulation in 
prostate to reduce PCa growth in vivo. If 
validated, it is conceivable that therapeutic 

Table 2. Details about Zn transporter solute carrier family 30 (sLC30)

Gene Protein Known information Status in PCa References

sLC30a1 Znt1 Znt1 play a key role in the regulation of free Zn 
levels and thereby confers cellular resistance 

from Zn toxicity.

Lower levels of Znt1 has been noticed in 
human PCa compare with hyperplastic 

tissues

52, 53

sLC30a2 Znt2 Both Zn concentrations and Znt2 expression in 
the prostate dorsolateral lobes are substantially 

higher than in the ventral lobes.

Znt2 is reported to be correlative to Zn 
level in the dorsolateral lobe.

54

sLC30a3 Znt3 Znt3 has been associated with alzheimer 
disease, airway diseases and diabetes.

Znt3 presence has been reported 
in various cells including PCa, and is 

regulated by age, hormones, fatty acids, 
etc.

55

sLC30a4 Znt4 Like other Znts, Znt4 also transports Zn out of 
the cytoplasm.

Decreased level of Znt4 has been shown 
in benign prostatic hyperplasia and PCa.

56

sLC30a5 Znt5 Znt5 play a key role in the absorption of dietary 
Zn. Methylation of Znt5 promoter region 

contributes to reduction in Znt5 expression and 
thereby age-related decline in Zn status.

Not known 57

sLC30a6 Znt6 Znt6 function in transporting the cytoplasmic Zn 
into the Golgi apparatus as well as the vesicular 

compartment.

Not known 58

sLC30a7 Znt7 Znt7 localizes on the Golgi membrane and 
mainly expresses in the intestinal tract, lung, and 

prostate.

a null-mutation of the Znt7 accelerates 
formation of prostate tumor in traMP 

mice.

59

sLC30a8 Znt8 Znt8 is highly expressed in the pancreas, 
particularly in islets of Langerhans, and involved 
in the accumulation of Zn in intracellular vesicles.

Not known 60

sLC30a9 Znt9 Znt9 is shown to be expressed at low levels in 
leukocytes.

Not known 61

sLC30a10 Znt10 Znt10 functions in efflux direction and 
shows differential expression pattern 
in human tissue with highest levels in 

small intestine, liver and brain.

Not known 62
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approaches based on retuning of Zn could 
be developed for the management of PCa 
and other similar conditions with com-
promised Zn homeostasis. Additionally, 
continuous supplementation of more 
bioavailable Zn would be efficacious in 
maintaining a normal serum Zn level, 
and thereby easy uptake for prostate tis-
sues. Tompkins and colleagues has shown 
better bioavailability of Zn from organic 
Zn yeast supplements than Zn gluconate 
salt in healthy volunteers.85 Although bio-
availability in prostate has not been tested, 
it is quite possible that an elevated serum 
Zn level could result in an enhanced Zn 
uptake by the malignant cells.

Summary and Conclusions

PCa is an age associated malignancy, 
and aging itself is related with low-grade 
inflammation and mild Zn deficiency. 
Further, inflammation believed to play a 
role in PCa progression. Kahmann and 
colleagues have described that moderate 
Zn supplementation balances immune 
response in the elderly by reducing sponta-
neous inflammatory cytokine release and 
by restoring T-cell functions.86 Potential 
of Zn for PCa management is evident 
from epidemiological observations as well 
as in vitro and in vivo studies. Studies sug-
gest that Zn depletion is a hallmark char-
acteristic of metabolic transformation of 
healthy prostate to prostate malignancy, 
and Zn supplementation could abort pros-
tate malignancy if able to reach the pros-
tate. The clinical effects of Zn will not be 
seen without sufficient bioavailable Zn in 
prostatic tissues.18,87 Therefore, retuning 
of Zn homeostasis using resveratrol could 
be a novel strategy for PCa management. 
In this direction certain other dietary 
agents may also be helpful in enhanc-
ing the bioavailability of Zn in prostatic 
tissue. These include: (1) curcumin, an 
active ingredient of the Indian spice tur-
meric; (2) epigallocatechin- 3-gallate 
(EGCG), a polyphenolic antioxidant 
present in green tea; and (3) antioxidants 
present in grape seeds. Malhotra and col-
leagues have shown that combined supple-
mentation of curcumin and resveratrol 
increases intra-tumoral Zn levels and 
controls inflammation by cox-2 and cell 

cycle arrest by p21 during lung carcino-
genesis in mice.88 Similalry, Quesada and 
colleagues have found that EGCG as well 
as grape-seed procyanidin extract (GSPE) 
enhance expression of Zn transporters 
ZIP1 and ZIP4 and inhibit the expression 
of Zn-binding metallothioneins and Zn 
exporter ZnT1 in hepatocarcinoma cell 
line HepG2.89 Further, Sreenivasulu and 
colleagues have demonstrated that poly-
phenol-rich beverages such as red wine, 
red grape juice, and green tea or specific 
polyphenols enhance Zn uptake as well 
as metallothionein expression in Caco-2 
cells.90 Although none of the studies are 
performed in in vivo models of PCa, it 
is possible that these natural compounds 
may have abilities to influence Zn homeo-
stasis and could be useful in combination 
with Zn for PCa management.
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