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Zinc and Prostate cancer:A short Review
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Abstract

on role of Zinc in the pathogenesis of prostate cancer.
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Zinc is an important trace element essential for normal growth and development of different tissues of our body
and deficiency state leads to impairment of wound healing, multiple ulcerations, diarrhoea, infertility, impaired
immunity, night vision and malformation in infants. Recently multiple research work throughout the world have
showed Zinc association with different cancers particularly prostatic cancers. The present review article focusses

Introduction

Zinc is one of the important micronutrients or trace
elements which is a part of components of oxidative
enzymes performing many vital functions. Zinc
functions as an antioxidant and is involved in many
critical biochemical reactions:2:3, It also protects
DNA from damage and assists in its repair, Zinc is
specially important in prostate and may protect it
from early damage that could lead to cancer. ZIP1 a
transporter of Zinc and a tumor suppressor gene is
responsible for active transport of Zinc into prostate
cell. One important role of zinc is to change the
metabolism of cell in order to produce citrate, an
important component of semen. Prostate cell
sacrifice enormous amount of energy (ATP) to
accomplish this. But when prostate cells become
tumourogenic they utilized the Zinc as source of
energy(ATP) and proliferate. Prostate cancer cells
are generally devoid of Zinc. This allows prostate
cancer cells to save energy not making citrate and
utilize this energy to grow and spread45.6.7.8,9.10,

Source of Zinc

Zinc main source is meat, shell fish, fish, sea fish, whole
grain cereals, legumes, poultry, nuts, eggs and seed.

Daily requirement

Daily requirement is 100 mg/day. Overdose 1-
2gm/day and can cause nausea, diarrhea,
dizziness, drowsiness, hallucination. Deficiency can
lead to Growth retardation, acrodermatitis
enteropathica, anorexia and diarrhea, altered
immune function, impaired night vision, increased
incidence of malformations in infants, Infertility
particularly male infertility, cancer specially in
prostate, breast and Pancreatic cancer42:43,

Zinc and Prostate Cancer association

Prostatic cancer is the most common cancer in men
and second leading cause of death from cancer .It
usually affects men over 50 years of age. Many risk
factors are implicated in its etiopathogenesis like
increased consumption of fats, decreased taking of
antioxidants and lycopene consumption, genetic
predisposition particularly BRCA1 & BRCA 2, Zinc
level, androgen and tumor suppressor gene
inactivation11:12.13,14.15,

The high concentration of Zinc in the prostate
suggests that Zinc may play a role in prostate health.
Association between supplemental Zinc intake and
prostate cancer risk among 46,964 US men from
1996-200 showed 2,901 new cases of prostate
cancer, among which 434 cases were advance
cancer. Supplemental Zinc intake at dose up to
100mg/day was not associated with prostate cancer
risk. However compared to nonusers men who
consumed more than 100mg/day of supplemental
Zinc had a relative risk of advance prostate cancer
of 2.29(95% Cl, p=0.003) and men who took
supplemental Zinc for 10 or more years had a
relative risk of 2.37(95%Cl, p<0.001). It was
concluded from this study that Zinc over supply may
play a role in prostate carcinogenesis?6:17:18:19.20,

Zinc and Transporter Protein

Zinc after absorption is transported by at least 24
Zinc transporter protein synthesized in our body to
all cells through out the body. Among these 24 Zin
ctransporters some move Zinc into the cell, some
carry it around inside the cell and some push Zinc
out of the cell21:22,
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Prostate cancer progression is facilitated by growth
factors that activate signaling cascade and there by
promote prostate cancer cell growth, survival,
migration. Among this insulin like growth factor(IGF)
contribute a major role in which Zinc has an important
role. Zinc decreases the survival of androgen
independent prostate cancer cells by modulating the
expression of IGF system components and its
signaling molecules. Thus Zinc may be qualified as a

potential agent for treatment of prostate
cancer23.24,25,.26,27

The prostate contains highest concentration of Zinc
of all soft tissues, but concentrations decreases
significantly during prostate cancer. High Zinc levels
are essential for prostate health and may limit
prostate cancer development. The possible
mechanisms include effects on Zinc on inhibition of
terminal oxidation, induction of mitochondrial
apoptogenesis and suppression NF-Kappa beta
activity. Zinc also play an important role in DNA
integrity in normal prostate epithelial cells by
modulating DNA repair and damage response to
proteins especially p53.Recent findings also support

the role of Zinc transporters as tumor suppression
gene 28.29,30,

In a study in South Carolina, USA it was found that
high ground water use and low Zinc concentrations
had higher frequency of prostate cancer rate in
AfroAmerican Community. Although the data are
limited but it can be said that low environmental Zinc
exposures and down regulation of prostatic Zinc
transporters protein among the ethnic Afro American
population in South Carolina USA. Early detection of
prostatic cancer is the key to effective treatment of
prostate cancer and exploration of citrate, Zinc,
other electrolyte as prostatic fluid biomarkers are
needed to address this critical prostate cancer issue.

The concentration between Zinc concentration in the
prostates peripheral zone to the onset or presence of
malignant process were studied in a study. This
showed the prostatic carcinoma diagnostic potential
is dependent on local Zinc concentration and there
is indication that the amount of Zinc depletion could
be used as a measure of Gleasons score of the
tumor. it was evident from this study that prostate
tumor progression is dependent on attenuated
MT1/2 whereas Zinc induction of MT1/2 expression
results in cellular Zinc restoration. So MT1/2 is a
potential biomarker for prostate cancer and the

utilization of Zinc in prostate cancer prevention and

Cadmium exposure has been suggested as a risk
factor for prostate cancer. Experimental literature
suggest that the carcinoma effect of cadmium is
modified by the presence of Zinc. This study
revealed a protective effect of Zinc intake on
cadmium induced prostate injury and ultimate
prostatic cancer progression.

Normal prostatic glandular epithelium has the unique
function of accumulating high levels of Zinc. In
prostate cancer this capability is lost as an early
event in the development of the malignant cells.It
was previously reported that ZIP1 is an important
zinc uptake transporter in prostate cells and is
down regulated in the malignant cells insitu along
with depletion of Zinc levels. Two other ZIP family

ZIP2/ZIP3 also important along with ZIP1 involved in
unique ability of prostate cells to accumulate high
cellular Zinc levels.ZIP1 is important for extraction of
Zinc from circulation, ZIP2/ZIP3 are important for
retention of Zinc inside the cell. The down regulation
of all three transporters in the malignant cells is
consistent with the loss of Zinc accumulation in the
cells. Since Zinc imposes tumor suppressor effects
the silencing of these transporters are required for
the manifestations of the malignant cells and
supports the concept of ZIP1/ZIP2/Zip3 as tumor

suppressor genes and Zinc as a tumor suppressor
agent36.37.38,39,

Zinc and metallothioneins

The metallothioneins(MT) are a family of small
molecular weight trace metal and free radical
scavenging proteins well established to play a role
in the resistance to chemo and radiotherapy in
human cancers. MT gene expression is upregulated
in response to presence of metal ions as Zinc.
Because prostatic tissue has the greatest
concentration of Zinc in human body this study
showed that treatment of prostatic carcinoma with
Zinc causes an increase in MT expression, which is
significantly associated with resistance to chemo and
radiotherapy.

Promyelocytic leukaemia Zinc finger (PLZF) protein,
a transcriptional repressor and negative regulator of
the cell cycle, has been characterized as a prostatic
- androgen responsive gene. Androgen independent
cell line DU145 cells lack PLZF gene expression
resulting in upregulation of Pbx1 and HoxC8
expression.The Pbx1 and HoxC8 heterocomplex
may lead to androgen independent growth in
prostatic cancer.
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Mutations in mitochondrial DNA are frequent in
cancer and the accompanying mitochondrial
dysfunction might contribute to or signal tumor
pathogenesis. The glandular epithelial cells of
peripheral zone of human prostate accumulate high
concentrations of Zinc which inhibits the activity of
m-aconitase,an enzyme involved in citrate
metabolism through Krebs cycle. This causes krebs
cycle truncation and accumulation of high
concentrations of citrate to be secreted in prostatic
fluid.The accumulation of Zinc also anhibits terminal
oxidation therefore these cells exhibit inefficient
energy production.ln contrast malignant cells of
prostate is associated with an early metabolic switch
leading to decreased accumulation of Zinc and
increased citrate oxidation. The efficient energy
production of these transformed cells implies
increased electron transport chain activity, increased
oxygen consumption, and perhaps excessive
reactive oxygen species (ROS) production compared
to normal prostatic epithelial cells. Because ROS
have deleterious effects on DNA, proteins, lipids, the
altered intermediary metabolism may be linked with
ROS production and accelerated mitochondrial DNA
mutations in prostate cancer. Early stages of
prostate tumorogenesis based on analysis of
models based on the homeodomain protein Nkx3
and Zinc finger protein Egr1 suggests that these
transcription factors play distinct role in the initiation
and progression of precursor prostatic intraepithelial
neoplasia (PIN) lesion.Nkx3 is a candidate prostate
tumor suppressor gene that demonstrates
haploinsufficiency. The Zinc fingerprint protein Egr1
is over expressed in human and mouse prostate
tumors and PIN lesions and regulates the expression
of several genes implicated in prostate tumor
progression including platelet derived growth factor
and insulin like growth factor. The distribution of Zinc
homeostasis featured with a significant decrease of
cellular Zinc level was well documented to associate
with the development and progression of human
prostatic malignancy. Zinc treatment induces
prostate malignant cell apoptosis through
mitochondrial pathway. Metallothionein(MT) is a
major receptor/donar of Zinc in the cells.

There are two distinct phases of prostate cancer
development. In its early stages, prostate cancer is
hormone dependent, requiring the male hormone
androgen to grow. As the cancer progresses, it
becomes androgen independent, no longer requiring
androgens to grow. Due to the two distinct phases of
prostate cancer, one study used both early- and
late-stage human prostate cancer cell lines. In

addition, it examined benign prostate hyperplasia
cells. Although these cells are not necessarily pre-
cancerous cells, they represent a stage of increased
growth. They compared the cancer and hyperplasia
cells to normal prostate cells. These four cell types
helped to determine at what stage of carcinogenesis
zinc would be most beneficial and how zinc levels
affect prostate cancer development. They treated
late-stage androgen-independent prostate cancer
cells, early-stage androgen-dependent prostate
cancer cells, and benign prostate hyperplasia cells
with doses of zinc ranging over five-fold
concentrations. They then examined the growth and
viability of these cells. Surprisingly, zinc had little
effect on the viability of the prostate cancer cells, but
even low zinc treatments resulted in a marked
decrease in cell viability of the benign prostate
hyperplasia cells. A similar response pattern was
seen when cell growth was examined after zinc
treatment.

Zinc and other cancer association

Postmenopausal and obese women are at high risk
of developing breast carcinoma, but studies had
shown that breast cancer cells have high levels of
Zinc in comparison to non cancerous breast cells
implicating a role of Zinc in the genesis of breast
cancer. Zinc is also implicated in the genesis of
Pancreatic cancer. Too much ZIP4, a molecule that
enables the transport of Zinc into cells, promote
growth and spread of Pancreatic cancer cells.

Although the increase in risk of developing breast,
ovarian, and prostate cancer in BRCA1 and BRCA 2
mutation carriers have been studied its impact on
mortality is not well qualified. It is evident that there
is significant association between BRCA1/2 mutation
and increased non cancer mortality. It is assumed
that there may be unknown effects of BRCA1/2
mutation on non neoplastic disease that cause death
at older age. BRCA2 deficient human cells are
deficient in the repair of double starnd breaks and
DNA cross links through  homologous
recombination44:45, Elevated expression of Ki67 is
associated with aggressive prostate cancers and
with high Gleasons score. But this does not
differentiate prostate cancer occurring against a
BRCA1/2 mutation or sporadic cases without
BRCA1/2 mutations46,

Conclusions

It is evident from the above literatures reviewed that
Zinc as a trace element has important role to play in
maintaining normal prostatic epithelial cell population
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for its production of citrate as a component of normal
semen. It also utilizes lot of energy and production
of ATP. Normal prostate epithelial cells are high in
Zinc content. But when a prostate cell becomes
transformed to tumor cells it is low of Zinc and
utilised all energy in tumor proliferation and
progression. Zinc is transported through 24 zinc
transporter protein. Some of which also acts as
tumor suppression gene like Zip1, Zip2, Zip3 and
these are also down regulated when there is tumor
progression. Some mutation in mitochondrial DNA,
immediate early gene Egr1 over expression,
suppression of Metallotheonein (MT) a major
receptor/donar of Zinc in the cells are responsible for
tumorogenesis in prostate cancer. Zinc supplement
has improved and halted progression to
tumorogenesis in some studies but not in other
studies. So more elaborate scientific research should
be carried out to conclude the exact role of Zinc in
tumor specially Prostate cancer.

Figer 4: Zinc molecular structure. Zinc binding is mediated by
two histadine and two aspartic acid residues mimic size and
shape of a DNA molecule.

@ V3B B i uh

=
»

[t
sore®

L
L« SERX
<
:
g

References

1. Banudevi S, Senthilkumar K, Sharmila G, Arunkumar
R, Vijayababu MR, Arunakaran J. Effect of Zinc on
regulation of insulin-like growth factor signaling in
human. Clin Chim Acta. 2010 Feb; 411(3-4): 172-8.

2. Ho E, Song Y. Zinc and prostate cancer. Curr Opin Clin
Nutr Metab Care. 2009 Nov; 12(6): 640-5.

3. Cortesi M, Chechik R, Breskin A, Vartsky D, Ramon K,
Raviv G, Volkov A, Fridman E. Evaluating the cancer
detection and grading potential of prostate-Zinc
imaging: a simulation study. Phys Med Biol. 2009 Feb
7;54(3): Epub 2009 Jan 9.

4. Kumar V, Hassan MI, Singth AK, Dey S, Singth TP,
Yadav S. Strategy for sensitive and specific detection
of molecular forms of PSA based on 2DE and kinetic
analysis : a step towards diagnosis of prostate cancer.
Clin Chim Acta. 2009 May; 403(1-2): 17-22. Epub
2008 Dec 3.

5. Wagner SE, Burch JB, Hussey J, Temples T, Bolik-
Aldrich S, Mosley-Broughton C, Liu Y, Herbert JR. Soil
Zinc Content, groundwater use, prostate cancer
incidence in south Carolina. Cancer Causes Control.
2009 Apr; 20(3): 345-53. Epub 2008 Oct 24.

6. Costello LC, Franklin RB. Prostatic fluid electrolyte
composition for screening of prostate cancer. a
potential solution to a major problem. Prostate cancer
prostatic dis. 2009; 12(1): 17-24. Epub 2008 Jul 1.

. Cortesi M, Fridman E, Volcov A, Shilstein SSh, Chechik
R, Breskin A, Vartsky D, kleinman N, Kogan G, Moriel
E, Gladysh V, Huszar M, Raman J, Raviv G. Clinical
assessment of the cancer diagnostic value of prostatic
Zinc: a comprehensive needlebiopsy study. Prostate.
2008 Jun 15; 68(9): 994-1006.

8. Kristal Ar, Arnold KB, Schenk JM, Neuhouser ML,
Goodman P, Penson DF, Thompson IM. Dietary
patterns, supplyment use, and the riks of symptomatic
benign hyperplasia: results from the prostate cancer
prevention trial. Am J Epidemial. 2008 Apr 15; 167(8):
925-34. Epub 2008 Feb 7.

9. Wei H, Desouki MM, Lin S, Xiao D, Franklin RB, Feng
P. Differential expression of metallothioneins (MTs) 1,
2, and 3 in response to Zinc treatment in human
prostae normal and malignant cells and tissues. Mol
Cancer. 2008 Jan 21, 7:7.

10. Van Wijngaarden E, Singer EA, Palapattu GS.
Prostate-specific antigen values in relation to
cadmium exposure and Zinc intake: results from the
2001-2002 National Health and nutrition Examination
Survey. Prostate. 2008 Feb 1; 68(2): 122-8.

11. Desouki MM, Geradts J, Milton B, Franklin RB,
Costello LC. hZip2 and hZip3 Zinc transporters are
down regulated in human prostate
adenocarcinomatous glands. Mol Cancer. 2007Jun
5:6:37.

~

Bangladesh J Pathol 26 (1) : 2011



Md.Tahminur Rahman, Mahbuba Ashrafi Mumu, Yearul Kabir

Banglash J Pathol 26 (1) : 30

12. Franklin RB, Costello LC .Zinc as an anti-tumor agent
in prostate cancer and in other cancers. Arch
Biochem Biophy. 2007 Jul 15;463(2): Epub 2007 Mar
16.

13. Kikugawa T, Kinugasa Y, Shiraishi K, Nanba D,
Nakashiro K, Tanji N, Yokoyama M, Higashiyama S.
PLZF regulates pbx1 transcription and pbx1-HoxC8
complex leads to androgen-independent prostate
cancer proliferation.Prostate.2006 Jul 1; 66 (10):1092-
9.

14. Singth KK, Desouki MM, Franklin RB, Costello
L.C.Mitochondrial aconitase and citrate metabolism in
malignant and nonmalignant human tissues. Mol
Cancer. 2006 Apr 4:5:14.

15. Dakubo GD, Parr RL, Costello LC, Franklin RB,
Thayer RE. Altered metabolism and mitochondrial
genome in prostate cancer.J Clin Pathol. 2006 Jan;
59(1):10-6.

16. Abdulkadir SA. Mechanisms of prostate tumorgenesis;
roles for transcription factors Nkx3.1 and Egri. Ann N
Y Acad Sci.2005 Nov; 1059:33-40.

17. http:// en.wikipedia. org/wiki/Zinc-deficiency.
18. http//www.healthvitaminsguide.com/minerals/zinc.htm.

19. Emily Ho, Michelle Yan .Zinc and prostate.
www.Nutritional-Supplements-Heath-Guide.com.

20. http://www.sciencedaily.com/releases/2007/11/07 11
12172150 .htm.

21. Gabe Mirkin. Zinc causes prostate cancer?www. Dr
Mirkin. com.

22. Leitzmann MF, Stamppfer MJ, Wu K, Colditz GA,
Willett WC. Giovannucci EL. Zinc supplement use and
risk of prostate cancer.J Natl Cancer Inst.2003 Jul
2;95(13):1004-7.

23. http://www.physorg.com/news 183658288.html.
Studying Zinc increases understanding of obesity,
breast cancer.

24. Vredeveld LC, Rowland BD, Douma S. Bernards R,
Peeper DS. Funtional identification of LRF as an
oncogene that bypasses RASV12-induced
senescence via upregulation of CYCLIN
E.Carcinogenesis. 2010 Feb;31(2):201-7.Epub 2009
Nov 25.

25. Ding WQ, Lind SE. Metal ionophores- an emerging
class of anticancer drugs. IUBMB Life. 2009
Nov;61(11):1013-8.

26. Kong D, Li Y, Wang Z, Banerjee S, Ahmed A, Kim HR,
Sarker FH. Mir-200 regulates PDGF-D -mediated
epithelial-mesenchymal transition, adhetion, and
invation of prostate cancer cells. Stem cells. 2009
Aug; 27(8): 1712-21.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Jenal M, Trinh E, Britschgi C, Britschgi A, Roh V,
Vorburger SA, Tobler A, Leprince D, Fey MF, Helin K,
Tschan MP. The tumor suppressor gene
hypermethylated in cancer 1 is transcriptionally
regulated by E2F1. Mol Cancer Res. 2009 Jun;7
(6):916-22. Epub 2009 Jun 2.

Manzoor K, Johny S, Thomas D, Setua S, Menon D,
Nair S.Bio conjugated luminescent quantum dots of
doped ZnS: a cyto-friendly system for targeted cancer
imaging. Nanotechnology. 2009 Feb 11;20(6): Epub
2009 Jan 14.

Furukawa T, Komatsu M, lkeda R, Tsujikawa K,
Akiyama S. Copper transport systems are involved in
multidrug resistance and drug transport. Curr Med
chem..2008;15(30):3268-78.

Eisermann K, Tandon S, Bazarov A, Brett A, Fraizer G,
Piontkivska H. Evolutionary conservation of zinc finger
transcription factor binding sites in promoters of genes
co-expressed with Wt1 in prostate cancer. BMC
Genomics. 2008 Jul 16;9:337.

Winum JY, Scozzafava a, Montero JL, Supuran CT.
Design of zinc binding functions for carbonic
anhydrase inhibitors. Curr Pharm Des. 2008;
14(7):615-21.

Fang J, Nakamura H, lyer AK. Tumor-targeted
induction of oxystress for cancer therapy. J Drug
Target . 2007 Aug-Sep; 15 (7-8):475-86.

Nichols M. The fight against tamoxifen resistance in
breast cancer therapy: a new target in the battle? Mol
Inteev. 2007 Feb; 7 (1):13-6.

Verma RP, Hansch C. Matrix metalloproteinases
(MMPs): chemical-biological functions and (Q) SARs.
Bioorg Med Chem. 2007 Mar 15;(6):2223-68. Epub
2007 Jan 17.

Jacobsen FE, Lewis JA, Cohen SM. The design of
inhibitors for medicinally relevant
metalloproteins.ChemMedChem. 2007 Feb; 2(2):152-71.

36.Trost LB, Bergfeld WF, Calogeras E. The diagnosis and

treatment of iron deficiency and its potential
relationship to hair loss.J Am Acad Dermatol. 2006
May;54(5):824-44.

37.Torrano V, Navascues J, Docquier F, Zhang R, Bruke

LJ, Chernukhin |, Farrar D, Leon J, Berciano MT,
Renkawitz R, Klenova E, Lafarga M., Delgado
MD.Targeting of CTCF to the nucleolus inhibits
nucleolar transcription through a poly(ADP-
ribosyl)ation_depend mechanism.J Cell Sci.2006 May
1;,119(Pt 9):1746-59.

38. Steinmaus C,Carrigan k, Kalman D, Atallah R, Yuan Y,

Smith AH.Dietary intake and arsenic methylation in a
U.S population. Environ Health Perpect.2005 Sep;
113(9):1153-9.

Bangladesh J Pathol 26 (1) : 2011



Md.Tahminur Rahman, Mahbuba Ashrafi Mumu, Yearul Kabir

Banglash J Pathol 26 (1) : 31

39. Iham Amir Al Juboori, Rafi Al Rawi, Hueeein Kadhem a
Hakeim.Estimation of serum copper,Manganese,
Selenium, and Zinc in Hypothyroidism Patients.lUFS
joumal of Biology Short Communication121IUFS j
BIOL 2009, 68(2):121-126

40. Robbins and Cotran.Pathologic Basis of
Disease.Editors Kumar V,Abbas AK, Fausto
N.7th edition2004,Publisher Elsevier India:461

41. Rahman MT,Charu HAT,Sajani TT,Sarali TT.A Short
Text Book Of Pathology,1st edition 2009,Publisher
Rahman MT,Dhaka:84

42. httpp//:www.biology ed ac uk/Research/Institutes

43, hitpp//:www.wikepedia/Zinc and Cancer prostate

44,

45.

46.

Mitra AV,Jameson C,Barbachano Y,Sodha N,Kote-
Jarai Z,Javed A,Bancroft E,Fletcher A, Cooper
C,Peock S.Elevated expression of Ki-67 identifies
aggressive prostatic cancer but does not distinguish
BRCA1 or BRCA 2 mutation carriers.Oncol Rep.2010
Feb;23(2):299-305

James E,Waldron-Lynch MG,Saif MW>Prolonged
survival in a patient with BRCA2 associated
pancreatic cancer after exposure to camptothecin; a
case report and review of literature.Anticancer
drugs.2009 Aug;20(7):634-8

Mail PL, Chaterjee N,Hartge P, Tucker M,Brody
L,Struewing JP, Wacholder JF.Potential excess
mortality in BRCA1/2 mutation carriers beyond
breast,ovarian, prostate and pancreatic cancers.PLos
One.2009 Mar ;4(3):e4812



