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Project Progress Report
Introduction.

Prostate cancer is most frequently diagnosed form of cancer and the second
leading cause of cancer death in USA men. A better understanding prostate cancer
etiology, with focus on protective and aggravating factors may facilitate preventative or
prospective measures to be taken to reduce morbidity and mortality from this disease.
Three environmental trace elements, zinc (Zn), selenium (Se) and cadmium (Cd), have
been highlighted in the literature in relation to the development of prostate disease (1, 2).
Zinc (Zn) is second in abundance metal in human body that serves as cofactor of more
than 300 enzymes participating in various biochemical reactions. In prostate, Zn is
accumulated up to 10-fold higher levels (~150 pg/g) than in any other organ, and it is
require for a healthy state of the gland (3), whereas several-fold decrease have been
observed in the malignant tissue (4-6). Cadmium (Cd) possesses carcinogenic effect that
is hormonally mediated (7, 8), and is recognized as a risk factor in development of
prostate cancer (2, 9-11). In prostate, cadmium has demonstrated a distinct antagonist
effect with Zn, presumably due to competing for binding sites with the same ligands in
cell (12, 13). Selenium (Se) , a component of several amino acid (selenocysteine) and
proteins (selenoproteins) (14), serves as antioxidant protectors (15) and is involved in
DNA reparation (16). Studies have demonstrated an inverse correlation between
environmental Se levels and prostate cancer mortality (17, 18) and established beneficial
role of Se in reducing risk of cancer, where Se can interfere with carcinogenic activity of
Cd (4, 19-20). The general purpose of the current project is to examine association
between Zn, Se and Cd on the development of prostate cancer that remains unclear or
under-researched.

The current investigation is an extension of our preliminary study (21). Based on
the success of this preliminary work, the current project is aimed at the development of
methodology for the analysis of levels of Zn, Se and Cd in formalin-fixed paraffin-
embedded (FFPE) prostate tissue (objective 1), followed by the analysis of clinically and
histologically well-characterized archival materials for possible correlations of these

metals’ levels with the presence of cancer and its aggressiveness (objective 2).



Description of project accomplishment.

In recent investigations, we demonstrated existence of links and ethnic differences
between elevated Prostate-Specific Antigen (PSA) and Cd, Zn and Se exposure and their
blood levels (Gray et al, (21)). It was found a positive association between blood Cd and
total PSA (p<0.001, r=0.226), which remained significant within multivariate model.
The mean PSA level in low blood Cd level category was 0.85 ng/ml (95% CI 0.12-1.33
ng/ml), in the medium category it was 0.90 ng/ml (95%CI 0.09-1.23 ng/ml) and in the
high category 1.64 ng/ml (95%CI 0.40-2.52 ng/ml). There was a significant difference in
PSA levels between the low and the high blood Cd levels (p<0.001%), but no association
was found between Se and Zn levels and elevated PSA (21).

In current investigation, initial training was performed to master the technique of
high resolution inductively coupled plasma mass-spectrometry analysis (ICP-MS) of
trace metals in materials of different nature including biological tissues. During the
course of training, the samples were prepared for analysis employing a digestion
technique based on the use of microwave-accelerated digestion system (MARS-X and
MARS-5 microwave ovens (CEM Corp., Matthews, NC) using nitric acid and hydroxide
peroxide. The training was performed on ICP-MS machine Thermo Finnigan Element 2
(Thermo Electron Corp., Bremen, Germany).

Our next step was to explored possibility of using FFPE tissue to assess the levels
of Cd, Zn and Se in the original fresh tissue. In this panel, we also included additional
elements, Fe and As, known to participate in prostate cancerogenesis. One of the most
important questions to be answered was if procedure of embedding tissue in paraffin
leads to loss of the metals; therefore, we performed comparison of the metals’ levels
between FFPE tissue and the matching fresh tissue. At first step, we established optimal
experimental conditions for ICP-MS analyses using a number of standard reference
materials representing biological tissues of different origin, NIST Liver-1577b, DOLT-3,
DORM-2 and TORT-3 (purchased from NIST (Gaithersburg, MD) and National
Research Council of Canada (Ottawa, Ontario, Canada)), respectively, with the certified
levels of elements of our interest. The reference materials were analyzed using ~150 mg
of the tissue that is close to the amounts of corresponding tissue specified by the
manufacturers for certification of the metals’ levels. The samples were digested with
nitric acid in standard Teflon vials (MARSXpress™ D, CEM Corp.) in microwave-
accelerated reaction at 180 °C for 30 min and analyzed by a sector-field high resolution
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inductively coupled plasma with mass spectrometry (ICP-MS). In these experiments, we
used yttrium () and "“Se as internal standards and corresponding standard solutions of
Fe, Se, As, Zn and Cd for quantification. In Table 1 are summarized conditions used for
high resolution ICP-MS analysis of Fe, Se, As, Zn and Cd in the samples.

Table 1. Operating conditions for ICP-MS analysis of Fe, Zn, As, Se and Cd.

ICP operating parameters setting | | |
Plasma power 1550 W Lenses High resolution lenses
Auxiliary gas flow 0.8 L min” Extraction (V) -2000 Rotation quad 1 (V) -1.03]
Sample gas flow 1.05 L min™ Focus (V) | -800 Focus quad 1 (V) -2.31]
Additional gas 1 flow 0.14 L min* X-deflection (V) -9.5 Rotation quad 2 (V) -2.8]
Sampler/skimmers cones Nickel | Y-deflection (V) -6.51
Take-up time | 1.5 min Shape (V) 115
Mass-spectrometer aclquisition parameterls setting
Isotope Mass Mass range Magnet Mass | Settling time [Sample TimgSegment [QDetect moqls index |IS nhame |Internal stand
*Fe | 56.9349 [56.932 - 56.938 56.935 0.3 0.01 0.3 Both 7 Y-89
®zn | 65.9255 [65.922 - 65.929 65.925 0.034 0.01 0.3 Both 7 Y-89
"se | 73.9219 [73.918 - 73.926 65.925 0.001 0.01 0.3 Both yes
®As | 74.9211 [74.917 - 74.925 65.925 0.001 0.03 0.9 | Counting 3 Se-74
®se | 75.9187 [75.915 - 75.922 75.919 0.034 0.03 0.9 | counting 3 Se-74
""se | 76.9194 [76.916 - 76.923 75.919 0.001 0.03 0.9 | counting 3 Se-74
9 88.9053 [88.901 - 88.910 88.905 0.036 0.01 0.3 Counting yes
"'cd | 110.9036 [110.898 - 110.909]  110.904 0.041 0.01 0.3 | Counting 7 Y-89
Mass window 100
Samples per peak 30
Search window 60
Integration window 20
Scan type | Escan
Integration type Average
Regression type Linear

Generally, the detection limits (defined as triplicated standard deviation values for
each element) for analysis of blank solutions (containing the same solvent composition
including internal standards) for the above metals were in the range of 0.01-1 pg/L that is
far below the range of physiological levels of these metals in tissues. The detected levels
of the metals in the standard materials were found to be within 10-15% range of the
corresponding certified values and the precision (relative standard deviation of the
measurements) were 0.5-13% that confirmed reliability of the used technique. During
these experiments, we also tested the effect of introducing acetic acid to the solutions
analyzed by ICP-MS. We found that the addition of acetic acid up to 3% is resulted on
an increase of As and Se signals by up to 2.5-fold as reflected by a ~2-fold improvement
on detection limits and higher precision. Thus, in further experiments we used acetic acid

added up to 3% to the digested tissue samples. These results are demonstrated in Table 2.



Table 2. Detection limits (ug/L) and precision (RSD, %) for Fe, Zn, As, Se and Cd determination
in standard materials using ICP-MS. The dried tissue samples (~150 mg), taken in triplicates,
were digested with 70% nitric acid at 180 °C and analyzed by high-resolution ICP-MS as
described within text. In brackets shown values obtained when 3% of acetic acid was added to
each sample.

Fe Zn As Se Cd
Detect. Limit (ug/L) 1.61 (1.25) | 0.64 (0.80) | 0.04 (0.02) | 0.08 (0.04) |0.01 (0.01)

Nist Liver (RSD, %) 03(26) | 1.1(1.5) | 13(115) | 4023) | 1.7 (3.9
DOLT-3 (RSD, %) 1.1(0.9) | 1.021) | 095 | 05(1.4) | 0.8(1.8)
DORM-2 (RSD, %) 283.1) | 4927 | 1.008) | 1.7(09) [27@118)
TORT-2 (RSD, %) 36(3.5) | 195 | 1412 | 1409 | 1.0(.5)

Since the analysis of tissue recovered from paraffin blocks requires using
significantly smaller amounts of the tissue (5-15 mg), we next tested if we were able to
obtain comparable results analyzing the standard materials at such small-scale amounts.
Approximately ~15 mg of the certified materials were digested in Teflon 3-mL Micro
Vessels D (CEM Corp.) under 110 °C, and analyzed by ICP-MS. Under these conditions,
the obtained values of precision and concentrations of the elements of interest were
similar to the corresponding values obtained in former experiments (Table 2), validating
the use of micro-scale technique. The typical result of analysis of one of standard

materials, NIST liver, is shown in Fig. 1A.

A. Analysis of NIST Liver samples, processed in large B. Analysis of Rat Liver tissue (samplel), fresh and
and small scales FFPE-reprocessed (with Machine or Handling)
1000000 10000000
M Certified ® Large Vials 0O Small Vials - ‘ m Fresh B Repr-M O Repr-H ‘
100000 S 1000000
S >
< 10000 3 100000
e 2 10000 4
< 1000 4 o
? [t 1000
Lt 100 =
£ = 100 -
£ 10 <
2 = 10
c
o [=]
[} 1+ O 14
Fe Zn As Se Cd Fe Zn As Se Cd

Fig. 1. Analyses of selected samples of certified reference material NIST Liver and rat liver
for levels of Fe, Zn, Se, As and Cd. The dried tissue samples (~150 mg) were digested with
70% nitric acid in microwave-accelerated reaction, and analyzed by high-resolution ICP-MS as
described within text. Experiments were performed in triplicates, and the errors are shown in
vertical bars. In panel A, (NIST Liver) in blue are shown the values of metal’s concentrations
and corresponding standard deviations (shown in vertical bars) provided by the manufacturer. In
red and yellow are presented the results for samples digested in the large and small sample size
scales, respectively. In panel B (rat liver), the dried fresh tissue sample is shown in blue, the
sample reprocessed (deparaffinized) using machine-based procedure is marked as Repr-M (shown
in red), and the sample reprocessed with handling is marked as Repr-H (yellow).
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During this study, we also optimized technique for paraffin extraction, assuming
that this process having the same chemistry as embedding step does not affect markedly
the tissue quality. As a model of human tissue, for initial experiments we used rat liver,
based on preliminary data with FFPE mice liver and kidney that indicated good recovery
of elements of the interest (unpublished data). The rat liver tissue samples obtained from
the same and different animals were divided in three sections each, which were analyzed
by ICP-MS, directly (on dry tissue basis) or after standard automated paraffin-embedding
(with tissue processor) and its removal using either an automated (using xylene) or
handling-based (using hexane) extraction. We found that in comparison with fresh tissue,
the recovery of Fe, Zn, Se and Cd from FFPE rat liver occurred at the same high levels
(90-100%), whereas the recovery of As was about 20%. Besides possible leakage of the
metals, the difference in their levels between fresh and FFPE tissue may be explained by
uneven distribution of the elements within the same tissue (as observed for all the metals
in samples taken from the same animal), and also by a change in dry tissue weight due to
extraction of some components (i.e. lipids) during the embedding process. High recovery
of Fe is in good agreement with previous studies of other authors demonstrating about
100% recovery of Fe from FFPE human liver tissue (22). We also found that both
techniques of paraffin removal produce comparable values of the metals’ concentrations,
thus favoring the automated process as a faster and less laborious procedure. The typical
results of analysis of a selected sample are illustrated in Fig. 1B.

Finally, we studied recovery of the metals in FFPE prostate tissue in comparison
with that from matching un-fixed fresh tissue. The tissue specimen was obtained from a
single case of radical prostatectomy performed for prostate cancer, taken distantly from a
localized cancer focus. These specimens were a courtesy of our group’s collaborator Dr.
Andre Kajdacsy-Balla (University of Illinois), who performed the clinical and
morphological evaluation of the tissues. Tissue specimens were received in frozen un-
fixed state, de-identified from the NIH-sponsored Prostate Cancer Tissue Resource
(http://cpctr.cancer.gov) and kept under -80 °C until ready to be analyzed. Seven portions
of the tissue were taken from the area not having an evidence of hypertrophy and
analyzed for the metals’ of interest, directly and after paraffin-embedding and its removal
with automated or handling-based process as discussed above. Both technigques of the
paraffin extraction resulted in detection of similar levels of the metals in the tissue,
validating the data and supporting the use of automated technique as most practical. In

8



comparison with the fresh tissue, the recovery of metals was found to have some
differences. Generally, Fe, Se and As demonstrated good recoveries (92-112%) in the
FFPE tissue. The recovery of Zn and Cd were found to be in less degree, as ~40% and
~60%, respectively. The resulting data are shown in Table 3.

Table 3. Sector-field (high resolution) ICP-MS analysis of fresh and FFPE prostate tissue for Fe,
Se, As, Zn and Cd. Paraffin removal from FFPE tissue was performed with xylene using tissue
processor. Samples were prepared and analyzed in triplicates, the obtained concentration values

are shown for dried tissue.

Sample Tissue Fe (no/kg) Zn (ng/kg) As (ug/kg) Se (ng/kg) Cd (pg/kg)
1 Fresh tissue 88081 +10929 521388 +123510 43 +22 1467 +112 411 +43
FFPE tissue 70703 +5676 233931 +68542 52 +13 1393 +15 289 +47
2 Fresh tissue 88317 +5019 716115 +390266 34 +6 1530 +227 422 +47
FFPE tissue 84965 +37945 230905 +51798 44 +5 1465 +309 289 +71
3 Fresh tissue 108686 +10804 407814 +211319 25 +1 1156 +200 379 +45
FFPE tissue 84220 +18762 326586 +125826 32 £9 1520 +424 216 +18
4 Fresh tissue 85952 +12646 692289 +76831 35 8+ 1302 +81 336 +34
FFPE tissue 98585 +9769 282499 +47506 35 2 1351 +114 205 +4
5 Fresh tissue 107200 +21129 893159 +212493 41 +15 1576 +91 328 +12
FFPE tissue 89245 +9823 413840 +131908 48 +4 1537 +121 215 +30
6 Fresh tissue 107254 +£16244 1211934 +102365 45 £10 1453 +163 271 4
FFPE tissue 118086 £15126 281401 +61235 51 +7 1741 +159 182 +24
7 Fresh tissue 104326 +23330 854812 +271481 73 +15 1348 +146 358 +35
FFPE tissue 84477 +18919 155842 +49950 50 £7 1384 +288 158 +26
Recovery from FFPE tissue 92 +16 (%) 41 +20 (%) 112 +21 (%) 107 +13 (%) 62 +9 (%)

The observed difference in the levels of each metal tested between the fresh and
FFPE tissue samples originating from the same area of the prostate gland may be affected
by errors in analysis, changes in the dry tissue weight occurred due to the embedding
process, and/or uneven distribution of the elements within the gland (introducing a non-
linear factor). This uneven distribution of each metal along the gland is directly seen
from the comparison of corresponding values between different samples of the fresh
tissue.  Furthermore, it was previously demonstrated that concentrations of some
elements can indeed vary significantly within the same gland. For example, for Zn, it
was shown that its concentration may vary with up to 20-fold, and generally, increases

from bladder side of the gland towards its apex and varies within the same horizontal



layers; and is high in fibromuscular stroma (23-26). In turn, Cd concentration increases
from the apex side to bladder and also varies within horizontal levels of the gland with
typical general difference of about 2-fold (27). Up to 2-fold difference in distribution
along the gland was also demonstrated for Se (28; 29). Thus, it is likely that in our
experiment the measured levels of the metals in each given portion of the tissue reflect
their real content at this locus, and not significantly affected by errors during the
measurements.  Altogether, these data demonstrated that paraffin embedding and its
removal from prostate tissue does not significantly affect the levels of Fe, Se and As,
whereas Zn and Cd are subjected to certain leakage from the tissue at ~60% and ~40%,
respectively. Therefore, the corresponding correction factors, 2.5 for Zn and 1.7 for Cd,
should be applied to the determined levels of these metals in FFPE-tissue to assess their
original content in the fresh tissue.

The developed technique allows determining Fe, Zn, Se, As and Cd in FFPE
prostate tissue with high sensitivity and precision, sufficient to analyze physiological
range of concentrations of these elements. With corresponding corrections for the loss of
Zn and Cd during the processing, the levels of these elements in the tissue can be
assessed, or alternatively, the relative content of Zn and Cd between different samples
can be also informative. The technique can be useful in various biomedical studies for
analysis of archival FFPE tissue, especially with well described patient’s history to derive
correlations between development of cancer and other diseases with exposure to above
elements. The methodology developed here provides a basis for fulfilling the next
objective of the project, i. e. analysis of Zn, Se and Cd (and in addition, Fe and As) in
FFPE prostate tissue of patients with different relation to cancerogenesis. A manuscript
describing the results obtained during the first stage of this research project is under

preparation.

Key research accomplishments.

On this investigation, we have developed method for simultaneous analysis of Zn,
Cd, Se, As and Fe in FFPE prostate tissue using sector-field (high-resolution) ICP-MS.
We have shown that in comparison with fresh tissue, Fe, Se and As are retained in FFPE-
tissue about at the original levels, whereas Zn and Cd levels were reduced at a rate of

~40% and ~60%, respectively. Thus, correction factors, 2.5 for Zn and 1.7 for Cd,
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should be applied to the determined levels of these metals in FFPE-tissue to assess their
original content in the fresh tissue.

Reportable outcomes.

Abstracts, presentations and a publication:

1. Todorov, T., Gray, M. A., Sarafanov A.G., Kadjacsy-Balla, A., and Centeno, J. A.
Comparison between the cadmium, zinc, selenium, iron and arsenic content in fresh
and paraffin embedded tissue specimen. European Conference on Plasma
Chemistry, Feb 18-23, 2007, Taormina, Italy.

2. Todorov, T., Gray, M. A., Kadjacsy-Balla, A., Mullick, F. G., and Centeno, J. A.
Cadmium, zinc, selenium and arsenic in fresh and paraffin embedded prostate
tissues, pp 143, Abstract #0-103. 9" International Symposium on Metal lons in
Biology and Medicine, May 21-24, 2006, Lisboa, Portugal.

3.  Gray, M. A., Centeno, J. A., Todorov, T., Slaney, D. P., and Nacey, J. N.
Environmental exposure to cadmium, zinc and selenium and risk of prostate cancer,
pp 61, Abstract #0-21. 9™ International Symposium on Metal lons in Biology and
Medicine, May 21-24, 2006, Lisboa, Portugal.

4.  Gray, M. A, Centeno, J. A, Slaney, D. P., Ejnik, J. W., Todorov, T., and Nacey, J.
N. (2005) Environmental Exposure to Trace Elements and Prostate Cancer in Three
New Zealand Ethnic Groups, Int. J Environ. Res. Public Health 2, 374-384.

Conclusion:

In this investigation we have developed a method for the accurate and precise
determination of Zn, Cd, Se, As, and Fe in formalin-fixed paraffin-embedded prostate
tissue. Our studies demonstrated that in comparison with fresh tissue, Fe, Se and As
remain in FFPE tissue at about original levels. Inturn, Zn and Cd remain in this tissue at
~40% and ~60%, respectively that requires applying of corrections factors 2.5 for Zn, and
1.7 for Cd to assess their original content in the fresh tissue. The technique developed
here provides a basis for fulfilling the next objective of the project, the analysis of the
above elements in FFPE prostate (archival) tissue of patients with different relation to
cancerogenesis. The developed technique can be also useful in various studies for

analysis of FFPE archival tissue for levels of Fe, Se, Zn, As and Cd.
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Comparison between the Cadmium, Zinc, Selenium, Iron and Arsenic Content in
Fresh and Paraffin Embedded Tissue Specimen
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Prostate cancer is a major public health issue worldwide. There is evidence that
prostate tissue Cd levels are markedly elevated in patients with prostate cancer and that
Cd overload is present in the vast majority of patients. There is strong evidence that the
loss of a unique capability to retain high levels of Zn is an important factor in the
development and progression of malignant prostate cells. Research has found a distinct
biological antagonistic effect between Zn and Cd in the human prostate gland and a
decrease in Zn levels in prostate cancer. Increased Fe levels can enhance cancer cell
invasion. On the other hand, studies have shown that men with higher levels of blood Se
have decreased chance of developing prostate cancer.

The aim of this study is to compare levels of Cd, Zn, Se and As in both paraffin
embedded tissues and frozen tissue to provide validity for the use of archived paraffin
embedded materials for trace element research. For the study we used liver and kidney
tissues for the initial method validation followed by prostate tissues. The prostate tissue
samples were obtained from the Cooperative Prostate Cancer Tissue Resource prostate
tissue bank. A non-cancerous section of the tissues was divided in two parts: (1) the first
part was digested and analyzed for Cd, Zn, Se and As and (2) the second part was fixed
and embedded in a paraffin block after which tissue was retrieved from the block,
digested and analyzed for Cd, Zn, Se, Fe and As. The quantitative analysis was
performed using a high resolution inductively coupled plasma mass spectrometer. We
will discuss the reliability of Cd, Zn, Se, Fe and As in paraffin embedded tissues for both
liver and kidney specimens as well as for prostate tissues. Results show good correlation
for Fe, Se, Zn and Cd in the various types of tissues under investigation. Therefore, this
study validates the use of paraffin embedded repository materials for research into the
environmental etiology of prostate cancer and other diseases.
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CADMIUM, ZING, SELENIUM AND ARSENIC CONTENT IN FRESH AND
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Background: Prostate cancer is a major. - public = health  issue  ‘worldwide.
Environmental factors, including trace metals have been associated with prostate
cancer.. Exposure to “cadmium: (Cd) and decrease in zinc (Zn)-levels have been
correlated with increased possibility of prostate cancer. Selenium (Se) has also been
chosen as part of this study because of it is cancer preventative properties. The AFIP
has a large number of paraffin-embedded prostate repositery tissues that could be
utilized for prostate cancer studies; however, it is unclear if paraffin embedding
influences trace element levels in tissues. - ' ,
Aims: The aim of this study is to compare levels of Cd, Zn, Se and As in both
paraffin embedded tissues and frozen tissue to provide validity for the use of archived
paraffin embedded materials for trace element research,
Methods: For the study we used prostate tissues from Cooperative Prostate. Cancer
Tissue Resource prostate tissue bank. A non-cancerous section of the tissues was
divided in two parts: (1) the. first part was digested and ‘analyzed for Cd, Zn, Se and
As and (2) the second part was fixed and embedded in a paraffin block after which
* tissue wds retrived from the block, digested and analyzed for Cd, Zn, Se and As. The
analysis was performed -using a high resolution inductively coupled plasma mass
spectrometer. ‘
Results: In this study, we report the comparative analysis of fresh and paraffin
embedded prostate tissues for-Cd, Zn, Se and As. We will discuss the reliability of
Cd, Zn, Se and As in paraffin embedded tissues. ‘ ,
Conclusion:. This study validates the use of paraffin embedded repository ‘materials
for research into the environmental etiology prostate cancer and other discases. v
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ENVIRONMENTAL EXPOSURE TO CADMIUM, ZINC AND SELENIUM AND
RISK-OF PROSTATE CANCER
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Background: Our study examined putative environmental trace elements for prostate
cancer; cadmium (Cd), zinc (Zn) and selenium (Se). Prostate cancer is' the most

-~ common cancer diagnosed and the third most common cause of cancer deaths in New

Zealand (NZ) men; with a significant difference by ethnic group. Through common
occurrence (Cd) or deficit (Se, Zn), Cd, Zn and Se are significant elements within the
NZ environment. The interface of ethnicity and environmental trace elements and
their role in causing different rates of prostate cancer. is still'unknown. Cd may be a
risk factor, whilst Zn and Se may interact with Cd as promising protective agents.
Aim: To explore the role of trace elements in prostate cancer.

Methods: Fourteen hundred subjects were enrolled in a cross-sectional study, tested
for serum Prostate Specific Antigen (PSA) and asked to complete a comprehensive
questionnaire, Within this group, we randomly selected (stratified by ethnicity) 561

subjects and measured blood Cd, Zn and Se levels using Inductively Coupled Plasma

Mass Spectrometry. These trace element -levels wére compared with clinical;
demographic, occupational and dietary data.

Results:-Data. showed differences in exposure to Cd, Zn and Se between ethnic
groups and a positive association between Cd and PSA.

Conclusions: This positive association may indicate that Cd increases the risk of

prostate cancer, and may also need to be considered when interpreting clinical PSA
results.
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Abstract: A stratified random sample of 176 men was taken from a larger community prostate study group of
1405 eligible subjects from three ethnic groups in the Wellington region of New Zealand, in order to examine
ethnic differences in exposure to cadmium (Cd), selenium (Se) and zinc (Zn) and possible associations of blood
levels of Cd, Se and Zn with the prevalence of elevated serum Prostate Specific Antigen (PSA); a marker of
prostate cancer. Maori and Pacific Islands men were found likely to have higher Cd exposure than New Zealand
Europeans through diet, occupation and smoking. However, there was no significant difference between ethnic
groups in mean blood Cd levels. Pacific Islands men had significantly higher levels of blood Se than both New
Zealand European men and Maori men. Maori men had significantly higher levels of blood Zn than both New
Zealand European men and Pacific Islands men. A positive association was found between blood Cd and total
serum PSA. Se and Zn levels were not associated with elevated PSA. Maori and Pacific Islands men have higher
prostate cancer mortality rates than New Zealand European men. Ethnic differences in mortality could be
contributed to by differences in rates of disease progression, influenced by exposure and/or deficiency to trace
elements. However, results did not reflect a consistent ethnic trend and highlight the complexity of the
risk/protective mechanisms conferred by exposure factors. Further research is needed to ascertain whether the
associations found between Cd and PSA levels are biologically important or are merely factors to be considered

when interpreting PSA results clinically.

Keywords: Cadmium, selenium, zinc, serum prostate specific antigen, prostate cancer, ethnicity.

Introduction
Prostate Cancer and Environmental Trace Elements

It is well accepted that genetic variation alone does
not explain the observed differences in incidence of
prostate cancer [1]. A 120-fold difference in rates of
prostate cancer among different countries indicates that
there is substantial variation in occurrence of this disease,
and suggests that environmental factors are of importance
[2]. The Health Research Council of New Zealand [3]
highlights that the role of putative environmental and
dietary factors (such as low soil Se) in causing prostate
cancer is still unknown. Whether such environmental

© 2005 MDPI. All rights reserved.

exposures are associated with increased rates or
progression of prostate cancer remains to be explored.

Within the New Zealand population there is
significant ethnic variation in cancer incidence and
mortality [4]. WHO age-standardized prostate cancer
rates in 1998-1999, showed that at 86.1 per 100,000,
Maori males had the lowest incidence, followed by
Pacific Islands males at 115.2 per 100,000 and other
(chiefly New Zealand European) males the highest
incidence at 118.9 per 100,000 [5]. Conversely, the
prostate cancer WHO age-standardized mortality rates for
Pacific Islands males and Maori males in 1998-1999
(52.3 and 39.3 per 100,000 respectively) were higher than
rates for other males (22.8 per 100,000) [5,6].
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The ethnic disparity between incidence and mortality
is likely to reflect reduced health care utilisation by
Maori and Pacific Islands men, as well as underreporting
in ethnic health data collection in New Zealand [7-9].
Recent research has shown that prostate cancer incidence
for Maori and Pacific Islands men is likely to be at least
as high as that shown for New Zealand European men
[10]. The higher mortality rates shown for Pacific
Islands and Maori men may reflect the health utilisation
issues of later diagnosis and treatment, as well as ethnic
differences in disease progression, influenced by
exposure to risk factors.

Ecological and migrant studies world-wide have
implicated environmental factors as risks for prostate
cancer [11]. Since many environmental factors are
modifiable, they lead to important implications for the
prevention of prostate cancer. Three environmental trace
elements, cadmium (Cd), selenium (Se) and zinc (Zn)
have been highlighted in the literature in relation to
prostate disease [12, 13] and are important elements
within the New Zealand environment [14, 15].

Cd is readily found in New Zealand soil [16, 17].
Certain foods in New Zealand are high in Cd, including
watercress, shellfish and offal meats [15]. Zn is a
nutrient element found in high concentrations in the
prostate gland and is necessary for healthy prostate
function [12]. Cd and Zn compete for binding to protein
ligands in tissues and Zn antagonises the toxicity of Cd
[18]. Both Cd and Zn may affect the amount of both
testosterone and dihydrotestosterone (DHT) in the
prostate, which are essential for the progression of both
benign prostate hyperplasia (BPH) and prostate cancer
[19, 20].

The role of Se as a promising anti-carcinogen for
prostate cancer is being researched internationally in
clinical trials using dietary supplements [12]. Dietary
intakes of Se in New Zealand are low by international
comparisons [14]. The New Zealand specific
characteristics of these three trace elements may mean
that New Zealand males are particularly susceptible to
environmentally induced prostate disease. Furthermore,
there are known ethnic differences in diet, occupation
and smoking levels, which may affect exposure to these
trace elements.

Blood Cd reflects both recent and cumulative
exposures [21]. Therefore, the older the person the
higher the blood Cd level is likely to be. It has also been
suggested that, as populations age, their intake of Se and
Zn decreases due to age-related changes in diet [22]. As
prostate cancer risk increases with age, these changes in
trace element exposure may further increase prostate
cancer risk.

Risk Factor - Cadmium

The human body burden of Cd has increased over the
last 100 years due to an increase in environmental and
industrial pollutants [15]. Environmental Cd pollution
occurs in New Zealand through a combination of land
contamination  (through  fertilisers and  sludge
application) and water contamination (through irrigation
and industry), and is subsequently introduced into the
food chain. In New Zealand, soil Cd levels are
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increasing [16, 17]. Excess consumption of lamb,
kidney, alcohol, grains, and oysters can increase the
body burden and industry can provide direct
occupational exposure [15].

Studies have attempted to find a link between Cd
exposure and prostate cancer with equivocal results. Cd
exposure has been positively associated with elevated
prostate cancer rates in a number of occupational and
laboratory  studies [13, 23-26]. Research into
environmentally exposed populations to Cd, do not
indicate an increased relative risk of cancer [27].
However, biological studies have found evidence of
carcinogenic properties in prostatic cells [28], and that
the carcinogenic effect of Cd can be hormonally
mediated [13, 29].

Protective Factors - Selenium and Zinc

Se is an essential trace element found in varying
concentrations in the soil. Primary sources of Se in the
diet are meats, eggs, dairy products and bread. Kidney,
liver, and seafood are also rich in Se. In these foods, Se
occurs mostly as organic compounds [30].

Ecologic studies have established an inverse
correlation between soil Se levels and prostate cancer
mortality [31, 32]. The Nutritional Prevention of Cancer
Study found that men taking Se supplements for five
years had a 65% reduction in the incidence of prostate
cancer [14]. However, another large study (the Alpha-
tocopherol, Beta-Carotene Cancer Prevention Study)
found no association between baseline Se and prostate
cancer during nine years of follow-up [33]. Though
clinical studies have focused on Se supplementation as a
protective factor in reducing prostate cancer incidence
[34, 35], the effect of low Se on potentially increasing
prostate cancer risk has not been addressed.

A case-control study on 9345 Japanese-American
men found an inverse association between blood Se
levels and prostate cancer incidence [36]. This Japanese
study showed that subjects had less chance of prostate
cancer if baseline blood Se was greater than 147pg/L.
The association was mainly present in current or past
cigarette smokers [36]. This lends support to the
possibility that Se may help to combat the toxic effect of
cigarette compounds, such as Cd [12]. A smaller (3059
men) USA case/control study's results were consistent
with this finding and reported a steady reduction in
prostate cancer risk with serum Se >135pg/L [37].

Because Se concentrations in food depend on local
soil conditions, intakes vary geographically. Some
populations, living in parts of the world that depend on
domestic food production, ingest very little Se and are at
risk of Se deficiency [37]. New Zealand is low in soil
Se, particularly in some areas of the South Island and
this is reflected in low Se levels in some foods that are
domestically grown [14].

A report by Thomson and Robinson [38] concluded
that the Se status of New Zealanders had improved since
the first reports in the early 1970s. This improved Se
status was attributed to the importation of Australian
wheat and cereal because of its higher Se content, as well
as an increased consumption of fish and poultry [38].
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However, both the 1997/98 New Zealand Total Diet
Survey and the 1997 National Nutrition Survey found
that the dietary intakes of Se were well below the
recommended daily allowances in other countries [39].
Intake estimates from the 1997 National Nutrition
Survey were only two-thirds the Australian
recommended daily intake. More recent studies in
younger New Zealand adults still indicate an insufficient
Se intake for full expression of glutathione peroxidase
(GPx) and do not confirm the earlier findings of 1996
[22].

Furthermore, in the South Island, 100% New Zealand
grown wheat is used in bread making, whereas in the
North Island, between 50 and 100% imported wheat is
used [22]. As older people are prone to low Se status and
because intakes of Se are strongly correlated with those
of total energy and protein [40], de Jong et al. [22]
conclude that this places the elderly living in the South
Island of New Zealand at particular risk.

Zn is a homeostatically regulated essential mineral,
present in red meat, poultry, grains, dairy, legumes and
vegetables. It is a component of numerous
metalloenzymes and is important for cell growth and
replication, osteogenesis and immunity. Zn may also act
as an antioxidant by stabilizing membranes in some cell
types. Some studies have found an association of lower
Zn intakes in patients with certain cancers, whilst others
have observed no association [12].

Zn is regarded as a 'cellular growth protector' for the
prostate.  Normal human prostate accumulates the
highest levels of Zn of any soft tissue in the body [41].
In contrast, the Zn level in prostate cancer cells is
markedly decreased from the level detected in non-
prostate tissues [42]. Studies have found evidence that
Zn inhibits human prostate cancer cell growth; possibly
due to induction of cell cycle arrest and apoptosis [42].
It is thought that the loss of a unique capability to retain
high levels of Zn is an important factor in the
development and progression of malignant prostate cells
[42]. In-vitro Zn helps to maintain intra-prostatic
balance of testosterone and DHT [41].

Based on these cellular activities, it could be
expected that Zn levels would be inversely associated
with prostate cancer. However, epidemiologic findings
for Zn and prostate cancer incidence and mortality have
not been consistent. At this time the evidence for a
beneficial effect of Zn on prostate cancer incidence is
insufficient to warrant undertaking randomized
chemoprevention trials [12].

Reduction in red meat and an increase in cereals in
the diet may compromise the intake and bioavailability
of Zn in New Zealanders diet [43]. Both dietary and
biochemical data suggest that current 'Western' diets of
the elderly may induce a considerable risk of Zn
deficiency. The detrimental effect of a marginal Se
status on immune function may be further aggravated by
inadequate Zn intake [43].

A study by Feustel et al. [44] found a distinct
biological antagonistic effect between Zn and Cd in the
human prostate gland. They found an increasing amount
of Zn in cases of benign prostatic hyperplasia (BPH) but
a decrease in prostate cancer. In contrast, they found a
lower Cd concentration in the normal prostate compared
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to prostate cancer. Studies in the late 1980s confirmed
that elevated total PSA (>4.0ng/mL) could be used to
identify patients with prostate cancer [45]. A recent
study has found a relationship between Zn in prostate
tissue and PSA levels in blood [46].

Ethnic differences in prostate cancer mortality could
be contributed to by differences in rates of disease
progression, influenced by exposure to trace elements.
The aim of this study was to examine ethnic differences
in exposure to Cd, Se and Zn and possible associations
of blood levels of these trace elements with the
prevalence of elevated PSA in three ethnic groups.

Materials and Methods

From January 2000 to February 2002, a total of 1617
males were recruited into the Wellington Regional
Community Prostate Study (WRCPS) co-ordinated
through the Wellington School of Medicine and Health
Sciences of the University of Otago. In order to ensure an
adequate representation of Maori and Pacific Islands men,
participants were enrolled by two separate procedures.
Initially subjects were identified in census area units
containing at least 5% Maori and 5% Pacific Islands
populations. Males aged between 40 and 69 years were
invited to attend a local clinic where a blood sample was
taken and a detailed questionnaire was completed (Phase
1). The total number recruited into Phase 1 was 698.

The second mode of recruitment was through the
identification of individuals who had been screened as
part of the Wellington hepatitis and diabetes-screening
programme for Maori and Pacific Islands populations.
After ethics approval, blood samples were retrieved from
the Hepatitis Foundation of New Zealand and subjects
were contacted and asked to complete the study
questionnaire (Phase 2). The total number recruited into
Phase 2 was 919.

A 10ml tube of blood was collected, and centrifuged
within 4 hours of sampling. Serum was stored at -70C
until assayed. Sera from each subject were tested for
total PSA, complexed PSA (cPSA) and free PSA (fPSA).
Laboratory blood analysis for PSA and free PSA was
carried out using an Elecsys 2010 (Roche Diagnostics,
Mannheim, Germany) assay [47]. Assays were
performed according to manufacturer's specifications.

Questionnaires were self-administered and covered
occupation, education, medical history and diet. Most
dietary information was obtained via a subset of
questions from a food frequency questionnaire (FFQ)
previously validated in another New Zealand study [48].

Ethnicity was determined on a self-identification
basis [49]. Subjects also completed an International
Prostate Symptom Score Sheet (IPSS) [50] and declared
if they have ever had any evidence of prostate disease.
Subjects with total PSA levels of >4.0ng/mL were
referred back to their general practitioner for further
evaluation and exclusion of prostatic malignancy.

In order to ensure subjects were affiliated to the three
ethnic groups in question and aged between 40-69, age
and ethnicity selection criteria were applied to the
combined Phase 1 and Phase 2 group (1617). Subjects
were also excluded on the basis of suspected prostate
cancer (through PSA testing, GP diagnosis or prostate
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biopsy). A stratified random sample was taken from the
remaining 1405 eligible subjects.

Sampling was undertaken as follows; 150 randomly
chosen New Zealand European, Maori and Pacific
Islands men (50 from each group), plus all 26 men who
screened positive for elevated PSA (total PSA
>4.0ng/mL) were selected to be tested for Cd, Se and Zn.
Due to some results being below the detection limits,
data were only available for 157 subjects; 51 New
Zealand European, 60 Maori and 46 Pacific Islands men.

Laboratory Analyses

Several methods have been used for the analysis of Zn,
Cd and Se in biological samples and environmental
samples including flame and graphite furnace atomic
absorption (FAA and GFAA), Inductively Coupled
Plasma Emission Spectrometry (ICP-OES) as well as
Inductively Coupled Plasma Mass Spectrometry (ICP-
MS) [51]. ICP-MS and GFAA are most commonly used
for the clinical application. The levels for Cd and Se in
blood are in pg/L, whereas for Zn the levels are in mg/L
(or pg/mL) of blood [52]. The detection limits for both
techniques for all three elements are below these levels (low
pg/L for GFAA and ng/L for ICP-MS) [51]. However,
GFAA suffers from short dynamic range and each analyte
requires a separate analysis [51]. The advantages of ICP-
MS are short analysis time, multi-element capability and
linear response over several orders of magnitude (from low
ng/L to mg/L within the same run) for each of the elements
studied [51, 53]. For these reasons ICP-MS was the
selected method for the current study.

Cd, Se and Zn measurements were carried out using
ICP-MS at the Division of Biophysical Toxicology
Pathology, U.S. Armed Forces Institute of Pathology in
Washington DC [54]. We used open vessel microwave
digestion (MDS 2000, CEM Corporation, Mathews, NC,
USA) for the New Zealand blood samples, using internal
standards for all three elements ("*Se, ®Zn and '°°Cad).
Finally, the samples were dissolved in concentrated
nitric acid and diluted accordingly for ICP-MS
measurement and analysis [54]. The analysis was
performed on Perkin Elmer Sciex Elan 6100 DRC
instrument (Perkin Elmer, Norwalk, CT, USA).

Certified reference materials (National Institute of
Standards and Technology, Gaithersburg, MD) of the same
matrix, at known concentrations, were used as quality
controls and these were used at intervals of every batch of
10-15 samples per analysis. This method provided percent
recoveries for each of the analytes between 95-105%.

Statistical Analyses

Statistical analyses were performed with SPSS
version 10.1. Two separate sets of analyses were
performed; first to examine the ethnic-specific levels of
Cd, Se and Zn, second to investigate the relationship
between these trace elements and PSA.

Ethnic Differences in Trace Elements

As blood levels of Cd, Se and Zn are associated with
age, a standard multivariate regression model was used to
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estimate the age-adjusted mean levels in pg/L (or pg/mL
for Zn) of the trace elements for each ethnic group.

Occupational data were sorted into two categories;
those who currently work in high Cd exposure risk jobs
and those who do not. Linear regression analyses were
undertaken to examine the relationship between the
blood trace element values, diet, high Cd exposure risk
occupation (such as metal work) and smoking data.
Ethnic differences in consumption of foods were
investigated [55]. Life in New Zealand (LINZ) Activity
and Health Unit [56] results were used to assess likely
sources of trace elements from food.

Zn and Se results were compared with other available
New Zealand studies [22, 57, 58] and major overseas
studies [36, 37, 59, 60]. No comparable studies were
available for Cd.

PSA Levels and Trace Element Associations

Because Cd was significantly associated with total
PSA levels, weighting by WRCPS group proportions of
elevated PSA was undertaken in order to standardize for
differences in the structure of elevated PSA prevalence
between the sample group and the larger WRCPS group.

Cd levels were -categorized according to the
percentile blood Cd results of a large sample of subjects
>20 years old (4207) in the US NHANES between 1999
and 2000 [21]. Three categories were developed for the
New Zealand population; low = <LOD-0.60 pg/L,
medium=0.60-1.00 pg/L and high >1.00 pg/L. These Cd
categories were used to determine the extent of PSA
increase with increased levels of blood Cd.

Linear models were undertaken to estimate the effect
of all the trace elements on total PSA, complexed PSA
(cPSA), free PSA (fPSA) and the ratio of free to total
PSA (%fPSA). Because PSA, cPSA, fPSA, Cd, Se and
Zn were found to be log-normally distributed, the
logarithm of all biomarkers was used in analyses. A
logistic regression model was developed to test whether
the prevalence of elevated PSA varied significantly by
levels of Cd, Se and Zn.

To test for possible bias in the stratified sampling
method, a comparison of p-values in regression models
was undertaken after the removal of all men with
elevated PSA (>4.0ng/mL). Backwards Stepwise
Regression models were developed to examine if the
association between trace elements, initially found to
correlate to PSA (and its various molecular derivatives)
on a bivariate level, was due to confounding alone [61].

Potential confounding factors for elevated PSA such as
age, smoking, body mass index, lower urinary tract
symptoms, selected dietary factors and occupation were
controlled for within the models. Due to the non-random
sampling method in the WRCPS, the potential for selection
bias was investigated and partially controlled for by
including factors within the model likely to be associated
with participation, such as Phase of recruitment.

Results
Statistical tests for potential confounding and

selection bias were undertaken. There was no change in
the significance of p-values after the removal of men with
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elevated PSA (>4.0ng/mL) indicating that the stratified
sampling method (of including all men who had elevated
PSA levels) was not likely to bias the results.

Standardization of mean blood Cd levels by weighting
by population proportions of elevated PSA was undertaken.
Results indicated that the actual blood Cd mean was 1.03
and weighted mean was 1.04 (with overlapping 95%CI).
As the standardized rate did not differ greatly from the
crude rate, the confounding effect of differences in the
structure of elevated PSA prevalence between the sample
group and the larger group was small [62].

Int. J. Environ. Res. Public Health 2005, 2(3)
Ethnic Differences in Exposure to Trace Elements

Tables 1 and 2 show that, in mean blood Cd levels,
there was no significant differences between the ethnic
groups. Pacific Islands men have significantly higher
levels of blood Se (164.14pg/L) than both New Zealand
European men (p<0.001, 117.87ug/L) and Maori men
(p<0.001, 122.30pg/L). Zinc levels were significantly
higher in Maori men (6.94pg/mL) than both New
Zealand European (p=0.002, 6.38ug/mL) and Pacific
Islands men (p=0.003, 6.36pg/mL).

Table 1: Age-adjusted mean blood level for total study group and each ethnic group.

Trace New Zealand . .
Element Total European Men Maori Men Pacific Islands Men

Cd woll 1.04" 1.03 0.93 1.04 1.15

He (0.86-22)  (0.50-.08) (0.79-1.08) (0.90-1.21) (0.98-1.36)
Se pg/L 131.72 117.87 122.30 164.14%*

(129.71-133.73) (109.07-127.38)  (113.71-131.53) (151.02-178.40)

—— 6.58 6.38 6.94% 6.36

HE (1.98-8.57) (6.13-6.63) (6.69-7.20) (6.10-6.64)

. 7.57 7.98 7.62 7.04

Zn/Cd Ratio (6.82-8.31) (6.66-9.29) (6.41-8.84) (5.65-8.42)

" Mean Cd standardized for prevalence of elevated PSA.
95% CI are shown in brackets.

Table 2: Difference in blood trace element mean level between the three ethnic groups (p-value)

New Zealand

New Zealand

Trace European European M‘cj;)rz
Element Vs Vs Pacific Islands
Maori Pacific Islands
Cd 0.261 0.055 0.363
Se 0.495 <0.001** <0.001**
Zn 0.002* 0.956 0.003%*
Zn/Cd ratio 0.699 0.334 0.932

All least significant differences are reported and significant differences (p-values) determined using

the Holm multiple comparison procedure [pl = 0.05 / (n-i+1)].
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Table 3 shows that New Zealand European and Maori
men had blood Se levels lower than those shown for the
three ethnic groups in the USA (all between 132-140ug/L)
[36, 37]. Pacific Islands men have comparable blood Se
levels (within the 95%CI) to the highest shown for
American Europeans (140pg/L, 95%CI 85-195ug/L) [37].
Results were significantly higher than found in a Finnish
population in 1990 (62.2ug/L, 95%CI 33.1-91.3ug/L)
[60]. Mean Se results were generally higher than other
New Zealand studies. However, results for New Zealand
Europeans and Maori were within the 95%CI of the
results reported for Otago women (114ug/L, 95%CI 66-
162pg/L) and Otago women > 70 years old (97pg/L,
95%CI 49-145ng/L) [22]. Pacific Islands men's mean
blood Se results were significantly higher than results
reported for Otago women >70 years old.
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Table 4 shows that all three ethnic groups had blood
Zn levels significantly lower than those shown for the
US NHANES (8.56ug/L, 95%CI 8.55-8.57ug/L) [56].
All three ethnic groups were comparable to a Spanish
study, which found adjusted mean blood Zn levels to be
6.95ug/mL (95%CI 5.87-8.03ug/mL) [63]. Mean results
were shown to be generally higher than other New
Zealand studies, although total mean blood Zn levels
(6.58pg/mL, 95%CI 1.98-8.87pg/mL) were within the
95%CI (1.05-1.65pg/mL) of the study on Otago women
[43]. Some Se and Zn study comparisons are not based
on analyses of the same blood derivatives therefore may
be indicative of differences rather than precise
comparisons (see tables for study blood derivative
details).

Table 3: Blood Se level by ethnicity of the WRCPS, compared with other community-based studies.

Robinson et

Nomura et Knekt et al.

c* d* e*
Study WRCPS al. [57] de Jong et al. [22] Voght et al. [37] al [36] [60] €
New
New New New Zealand
Ethnic . Pacific Zealand African  American Japanese .
All Zealand Maori Zealand (Otago . . Finland
group Islands (Otago American European American
European (Otago) Women
Women)
>70 yrs)
Not
n 157 51 60 46 146 . 103 112 121 9345 39,268
published
S¢ 13t 118 1229 164 54 114" 97" 134 140 132 62.2

ng/L

“ These are age-adjusted values.

" Values have been converted from umol/L to ug/L by the formula ug/L = (umol/L x 1000)/8.90

* Se levels have been determined on whole blood: ©

* .
¢ Se levels have been determined on serum.

" Se levels have been determined on plasma.

Table 4: Blood Zn level by ethnicity of the WRCPS, compared with other community-based studies.

o* . s+ Gibsonetal  delJongetal. Hotzetal Moreno et

Study WRCPS McKenzie [58] [43] ¢ 22] ¢ [59] al [63]
Ethnic New . Pacific = New Zealand New Zealand = New Zealand USA .

o All  Zealand Maori Islands (Otago Women) (Otago Women (Otago Women NHANES Spanish
group European & >70 yrs) >70yrs)

n 157 51 60 46 49 330 103 14,770 82

Z0 65 638" 694 636" 2.09 1.35 1.39 8.56 6.95

pug/mL

" These are age-adjusted values.
b*

* Zn levels have been determined on whole blood.
4* Zn levels have been determined on serum.

values have been converted from umol/L to pg/mL by the formula pg/L = umol/L/8.90
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Exposures - Diet, Smoking and Occupation

Ethnic differences in consumption of foods were
investigated [55]. The most significant difference in
dietary practice was between New Zealand European and
Pacific Islands men. The age group studied (40-69
years) probably influenced the magnitude of this
difference. Other studies have shown that this
generation of Pacific Islands people have traditional
diets, eating more taro, shellfish and fresh vegetables,
and drinking less alcohol than New Zealand Europeans
[64]. The dietary pattern of Maori found in the WRCPS
more closely resembled that of New Zealand European
men, which may be because Maori now live a more
'Westernised' rather than traditional lifestyle [65].

Blood Cd was significantly positively associated with
shellfish intake (p=0.039) when adjusting for smoking
status. As discussed later in this section, Pacific Islands
and Maori men have significantly higher intakes of
shellfish than New Zealand European men.

More Maori and Pacific Islands men (31% and 31%
respectively) were current smokers than New Zealand
European men (17%). Current smokers had significantly
higher blood Cd levels (1.77ug/L, 95%CI 1.58-
1.96pg/L) than former smokers (p<0.001, 0.977ug/L,
95%CI 0.817-1.14ug/L) and never smokers (p<0.001,
0.886ug/L, 95%CI 0.707-1.07pg/L).

More (39.4%) Pacific Islands men currently work in
occupations deemed within the literature to be high Cd
exposure risk than New Zealand European (17.6%) and
Maori men (20%). 83.4% of those who currently
worked in high Cd exposure risk occupations had been in
this work for more than 2 years. For these men, the
average amount of time spent working in these
occupations was 17 years. However, blood Cd levels
were not associated with working in a high Cd exposure
risk occupation (p=0.161).

Pacific Islands males had significantly higher intakes
of combined fish/shellfish than Maori and New Zealand
European men (p<0.001), and Maori higher intakes of
combined fish/shellfish than New Zealand European
(p<0.001).  Pacific Islands and Maori males had
significantly higher intakes of pork, lamb and vegetables
than New Zealand Europeans (p<0.001).

PSA Levels and Trace Element Associations

A positive association was found between blood Cd
and total PSA (p<0.001, r=0.226), which remained
significant within the multivariate model. This
association also remained significant after removal of
men with elevated PSA.

A positive association was found between being in
the elevated PSA group and blood Cd levels. For
example, having a blood Cd level <1.00pg/L was
associated with an 83% reduction in elevated PSA risk
(OR 0.17, 95%CI 0-1.68, p=0.024). No association was
found between Se and Zn levels and elevated PSA.

The mean PSA level in the low blood Cd level
category was 0.85ng/mL (95%CI 0.12-1.33 ng/mL),
medium category was 0.90ng/mL (95%CI 0.09-1.23
ng/mL) and high blood Cd level category was
1.64ng/mL (95%CI 0.40-2.52 ng/mL). There was a
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significant difference in PSA levels between the low and
high blood Cd level (p<0.001).

Discussion
Ethnic Differences in Exposure to Trace Elements

There was no significant difference in blood Cd
levels between the three ethnic groups. However, a
difference in Cd levels was expected, as Maori and
Pacific Islands men both have higher exposure to factors
significantly associated with increased blood Cd levels
(such as diet, occupation and smoking).

Shellfish in New Zealand are high in Cd [15], and
our data indicated that shellfish intake was significantly
higher in Maori and Pacific Islands men than New
Zealand European men. Blood Cd was found to be
significantly associated with shellfish intake. In
addition, more (39.4%) Pacific Islands men currently
work in high Cd exposure risk occupations, and more
Maori and Pacific Islands men are current smokers (both
31%). Nevertheless, these factors did not result in a
significant difference in blood Cd levels between the
three ethnic groups.

Luoma et al. [66] found that the Cd concentration of
smokers was three times that of non-smokers (1.85 pg/L
vs. 5.5ug/L). Even though differences in blood Cd
according to smoking status were smaller than found in
Luoma et al.'s [66] study, our results showed that current
smokers (at 1.77pg/L) had 1.9 times the blood Cd level
of former smokers (0.977ug/L) and twice the level of
never smokers (0.886ug/L).

It is possible that ethnic difference in Cd did not

reach a significant level because New Zealand European
men are exposed to other sources of Cd (not accounted
for within this research), and/or because there is an
ethnic difference in metabolizing this metal and/or
interactions between trace elements.
Whether blood Cd at the levels reported in this study is a
cause for health concern is not known. Finding a
measurable amount of Cd in the blood does not
automatically lead to an adverse health effect.
Occupational Safety and Health organisations world-
wide, have developed (or adopted) criteria for evaluating
occupational chronic workplace exposures. In the USA
the blood Cd criterion is >5.00pg/L [21]. This cut-off
provides an upper occupational limit in which to assess
this study group from. There were no men in this study
whose blood Cd level reached this limit, with the 95
percentile being 2.42pg/L.

A Belgian study tested blood Cd levels from both
low and high environmental exposure areas [67]. Cd
levels found in blood (0.96ug/L vs. 1.24ug/L
respectively) were significantly (p<0.001) raised in the
two high exposure areas compared with the two low
exposure areas (p<0.001) [67]. This indicates that,
despite levels in this study not being high enough to be
deemed chronic occupational exposure, there may be
higher environmental exposure in the Pacific Islands
group at 1.15ug/L (0.98-1.36) (Table 1).

There is no reason to suspect that environmental Cd
is significantly higher in the Wellington region than any
other large urban area in New Zealand, therefore the data
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presented here provide a reference range that could help
to determine whether people are exposed to higher levels
of Cd than what could be considered normal for New
Zealand.

Data showed that Pacific Islands men have
significantly higher levels of blood Se than both New
Zealand European men and Maori men (Tables 1 & 2).
Tinned fish was positively associated with blood Se
levels. The LINZ Activity and Health Unit (1999)
reported that the top contributor to Se intake in 45-74
year old New Zealand males is fish/seafood (32%). As
intake of tinned fish was shown to be significantly higher
in Pacific Islands men, it is possible that their
significantly higher blood Se levels were contributed to
by their high consumption of tinned fish, as well as other
seafood.

It is acknowledged that there are limitations in
directly comparing this current study with the trace
element results of other studies, because of the
previously discussed possibility of different Se and Zn
intakes due to geographical location and/or age. Women
may also have different intakes of Se and Zn than men.
Regardless, comparisons provide an important indication
of trace element status in New Zealand.

With regards to Se, New Zealand European and
Maori men had blood Se levels lower than those shown
for the three ethnic groups in the USA (Table 3) [36, 37].
However, results were higher than found in a Finnish
population in 1990 [60]. In comparison with other
countries, Finland is known to be a low Se region, likely
due to geological conditions [68].

Mean Se results for this current study were generally
higher than other New Zealand studies compared,
especially for Pacific Islands men. Pacific Islands men's
mean blood Se results were significantly higher than
results reported for Otago women >70 years old and
Pacific Islands men have comparable blood Se levels to
the highest shown for American Europeans (Table 3)
[37].

A comparison of the 1997 New Zealand National
Nutrition Survey [56] with the US 1988-1994 NHANES
found that the dietary intake of Zn for the New Zealand
population was higher than that for the US, however,
seniors (>7lyears old) in both surveys had the lowest Zn
intakes [69].

Mean Zn results for this current study were generally
higher than the other New Zealand studies compared.
Data show that all three ethnic groups had blood Zn
levels comparable to a Spanish study [63] and, contrary
to the findings of the dietary intake estimate study [69],
significantly lower than those shown for the US
NHANES (Table 4) [59].

Zn levels were significantly higher in Maori men
than both New Zealand European and Pacific Islands
men (Tables 1 & 2). This may in part be due to their
higher intake of pork, lamb and vegetables, which are the
next highest contributors of Zn (approx. 15% total) after
beef, bread and milk for 45-74 year old New Zealand
males [56]. Despite these differences in blood Zn levels,
it appears that blood Zn levels found in this current
study, for all ethnic groups, are suggestive of adequate
Zn levels for general health. For example, Pilch and
Senti [70] suggest that serum levels <10.7umol/L (or
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1.2pg/mL) indicate Zn deficiency. No men in this study
were below this level (Table 4), however, it is unclear if
the levels reported in this study are adequate for prostate
health.

PSA Levels and Trace Element Associations

In New Zealand, more Pacific Islands and Maori men
die from prostate cancer than New Zealand European
men [5]. It is presently unknown whether the ethnic
difference in mortality is influenced by exposure to trace
elements. This aspect of the study aimed to explore
whether ethnic differences in blood levels of Cd, Se and
Zn and a marker of prostate cancer, PSA, might explain
differences in prostate cancer mortality.

In our study, a positive association was found
between blood Cd and total PSA, and an association was
found between having an elevated PSA and increased
blood Cd levels. The effect of Cd on PSA levels could
be due to direct prostate cellular changes towards cancer
[13, 29] or via hormonal pathways involving androgens.
PSA expression is differentially regulated by androgens
acting on prostate cells [45] and androgenic activity has
been shown to be influenced by Cd [71]. For example, a
study that treated human prostate cancer cells with Cd
stimulated cell growth, found that Cd decreased the
concentration of the androgen receptor protein and
mRNA (80 and 60% respectively) and increased the
expression of PSA (6-fold). Cd blocked the binding of
androgen to the receptor but did not alter its affinity,
suggesting that the metal is an inhibitor of hormone
binding [71].

Regardless of the mechanism, if elevated PSA
indicates higher risk for prostate cancer, the increased
odds of being in the elevated PSA group with higher
levels of blood Cd could indicate that Cd exposure is a
risk factor for prostate cancer. This finding highlights
that the potentially high level of Cd exposure of New
Zealand men, in general, may be reflected in the high
rate of prostate cancer in New Zealand by world
standards.  Ethnic differences in Cd exposure may
influence New Zealand ethnic differences in prostate
cancer rates.

Despite other studies describing a potential protective
relationship between Se and Zn and prostate cancer [31,
32, 37, 72], this current study found no association
between blood Se levels and PSA. Perhaps, Se and Zn
protect prostate cells against cancer, without influencing
the expression of PSA in normal prostate tissue, because
these trace elements have a direct cellular (rather than
humoral) effect.

It is possible that an ethnic difference in genetics
influences the toxicology of trace elements and in turn,
the degree of protection offered by these trace elements.
For example, a study that compared prostate cancer
tissue from African American men with American
European men (for the ability to express two major
human Zn transporters, hZIP1 and hZIP2) found that the
degree of Zn expression was higher in the American
European men than the African men. The study also
found a significant downregulation of Zn transporters in
normal prostate tissues from African American men
[73]. Rishi et al. [73] suggest that because Africa is
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mineral-rich and Zn levels in the water and diets are high,
Africans have genetically downgraded Zn absorption
capacity in order to avoid possible Zn toxicity.
Furthermore, important interactions of Se and Zn with other
trace elements, such as Cd, may influence prostate cancer
rates, as with Wasowicz et al. [74], who found an inverse
linear correlation between blood Se and Cd concentrations
in workers exposed to Cd (p<0.001; 7= -0.449).

In New Zealand ethnic prostate cancer incidence rates
are inaccurate because of under-reporting in health data for
Maori and Pacific Islands men. There are ethnic differences
in mortality rates, with Pacific Islands and Maori men
shown to have higher rates than New Zealand Europeans
[6]. Under-utilisation of the health system is a likely
influence in the increased mortality rates for Pacific Islands
and Maori males [7]; however, ethnic differences in disease
progression may also contribute. Given the probable
inaccuracy of the incidence rates, it appears important to
examine mortality as an indication of increased disease
burden for Pacific Islands and Maori men.

A large proportion of Pacific Islands men blood Se
levels were over the level reported to be protective for
prostate cancer. Even though Maori men had a high blood
Zn status, no studies have indicated a threshold blood Zn
level that may be protective of prostate cancer. This high
Se and Zn status in Pacific Islands men and Maori men
respectively appears to be inconsistent with their higher
mortality rates in comparison to New Zealand Europeans.

The strength of this study was the recruitment of a large
number of Maori and Pacific Islands men, allowing for
insight to be gained into differing dietary and occupational
patterns, and blood levels of Cd, Se and Zn.
Standardization of mean blood Cd levels resulted in similar
mean levels (Table 1). Therefore, results gained through
the stratified random sample were not expected to differ
markedly from those from a simple random sample. There
were limitations, including the potential inaccuracy
involved with dietary assessment. In this case, through the
brief FFQ which did not cover total dietary intake; thus, it
was not possible to control for other dietary factors.
However, it is reassuring that the dietary patterns found in
this study were generally consistent with those found in the
1997 New Zealand National Nutrition Survey [64].
Furthermore, there was consistency between the blood
results and dietary intake estimates, which provides
reassurance about the validity of blood Se and Zn measures
as an indication of regular intakes of the trace elements.

It is acknowledged that Se consumed in food exists in a
number of different organic and inorganic forms including
selenomethionine, selenocysteine, selenate and selenite.
Studies have established that the bioavailability and body
distribution of Se depends upon the chemical form. For
example, selenomethionine is retained in tissue proteins to a
greater extent than selenocysteine and other inorganic
forms. A number of other factors may influence Se
bioavailability, including other dietary components;
therefore, Se speciation along with the measurement of GPx
activity is important considerations in further research [38].

Conclusions

Ethnic differences in mortality could be contributed
to by differences in rates of disease progression,
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influenced by exposure to the trace elements examined.
The discovery of a significant ethnic difference in levels in
Se and Zn warrants further investigation. However, results
did not reflect a consistent ethnic trend and highlight the
complexity of the risk/protective mechanisms conferred by
exposure factors. The body burden of Cd is likely to
increase with age and the intake of Se and Zn decrease. As
prostate cancer risk increases as men get older, these age-
related changes in trace element exposure may be an
important factor to consider in prostate cancer risk. Further
research is needed to ascertain whether the associations
found between Cd and PSA levels are biologically
important or are merely factors to be considered when
interpreting PSA results clinically.

Acknowledgements: The project was supported by
funds from Otago University, the Wellington School of
Medicine Surgical Research Trust, the Wellington
Medical Research Foundation and The Community Trust
of Wellington.

References

1. Thomas, J. A.: Diet, micronutrients, and the prostate
gland. Nutr. Rev. 1999, 57, 95-103.

2. Giovanucci, E.; Ascherio, A.; Rimm, E.; Stampfer,
M. J.; Colditz, G. A.: Intake of carotenoids and
retinol in relation to risk of prostate cancer. J. Natl.
Cancer Inst. 1995, 87, 1767-1776.

3. Health Research Council of New Zealand.
Indicative Research Portfolio (IRP) 9: Non-
Communicable Diseases. Draft Strategic Analysis
for the Year 2000. HRC: Wellington, 1999.

4. NZHIS (New Zealand Health Information Service).
Cancer: New Registrations and Deaths 1997.
Wellington: Ministry of Health, 2001.

5. NZHIS (New Zealand Health Information Service).
Prostate Cancer Registrations between 1997 and
1999. Unpublished data, 2002.

6. NZHIS (New Zealand Health Information Service).
Mortality and Demographic Data 1997. Wellington:
Ministry of Health, 2000.

7. New Zealand Ministry of Health. Taking the Pulse:
The 1996/97 New Zealand Health Survey.
Wellington: Ministry of Health, 1999a.

8. Tukuitonga, C. F.; Solomon, N.; Stewart, A.:
Incidence of cancer among Pacific Island people in
New Zealand. NZMJ. 1992, 105, 463-465.

9. Sporle, A.; Pearce, N.; Davis, P.: Social class
mortality differences in Maori and non-Maori men
aged 15-64 during the last two decades. NZMJ.
2002,7/15,127-131.

10. Gray, M. A.; Borman, B.; Crampton, P.; Weinstein,
P.; Wright, C. S.; Nacey, J. N.: Elevated PSA levels
in three New Zealand ethnic groups: What are the
Public Health Implications? NZMJ. In Press.

11. Kirby, R. S.; Kirby, M. G.: Impact of prostatic
disease on men's health. In: Men's Health. Kirby, R.
S.; Kirby, M.G.; Farah, R.N. (eds.). ISIS Medical
Media: Oxford, 1999; pp.11-25.

12. Platz, E. A.; Helzlsouer, K. JI.: Selenium, zinc, and
prostate cancer. Epidemiologic Reviews. 2001, 23,
93-101.



Int. J. Environ. Res. Public Health 2005, 2(3)

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Waalkes, M. P.; Rehm, S.: Cadmium and prostate
cancer. J. Toxicol Environ Health. 1994, 43,251-269.
Clark, L. C.; Combs, G. F.; Turnbull, B. W.: Effects
of selenium supplementations for cancer prevention
in patients with carcinoma of the skin. JAMA. 1996,
276, 1957-1963.

Thrush, J.: Cadmium in the New Zealand Ecosystem.
Dissertation. Otago University: Dunedin, New
Zealand, 2000.

Roberts, A. H.; Longhurst, R. D.; Brown, M. W.:
Cadmium status of soils, plants and grazing animals
in New Zealand. NZ J. Ag. Res. 1994, 37, 119-129.
Rothbaum, H. P.; Goguel, R. L.; Johnston, A. E.;
Mattingly, G. E.: Cadmium accumulation in soils
from long-continued application of superphosphate.
J. Soil Science. 1986, 37, 99-107.

Ogunlewe, J. O.; Osegbe, D. N.: Zinc and cadmium
concentrations in indigenous black with normal,
hypertrophic and malignant prostates. Cancer, 1989,
63, 1388-1392.

Habib, F. K.; Hammond, G. L.; Lee, 1. R.; Dawson,
J. B.; Mason, M. K.; Smith, P. H.; Stitch, S. R.:
Metal-androgen interrelationships in carcinoma and
hyperplasia of the human prostate. J. Endocrinol.
1976, 71, 133-141.

Lahtonen, R.: Zinc and cadmium concentrations in
whole tissue and in separated epithelium and stroma
from human benign prostatic hypertrophic glands.
Prostate. 1985, 6, 177-183.

Centres for Disease Control. Second National
Report on Human Exposure to Environmental
Chemicals (CAS No. 7440-43-9). Centres for
Disease Control: USA, 2003.

de Jong, N.; Gibson, R. S.; Thomson, C. D,
Ferguson, E. L.; McKenzie, J. E.; Green, T. J;
Howarth, C. C.: Selenium and zinc status are
suboptomal in a sample of older New Zealand
women in a community-based study. J. Nutr. 2001,
131,2677-2684.

Brys, M.; Nawrocka, A. D.; Miekos, E.; Zydek, C.;
Fokinski, M.; Barecki, A.; Krajewska, W. M.: Zinc
and cadmium analysis in human prostate neoplasms.
Biol Trace Elem Res. 1998, 59, 145-152.
Garcia-Sanchez, A.; Antona, J. F.; Urrutia, M.:
Geochemical prospection of cadmium in a high
incidence area of prostate cancer, Sierra de Gata,
Salamanca, Spain. Sci. Total Environ. 1992, 116,
243-251.

Isbir, M.; Sevuk, M.; Vucel, G. Zn, Cd, and sialic
acid concentrations in normal, hypertrophic and
malignant prostate tissues. FEur. J. Cancer, 1991,
27, s47.

Verougstraete, V.; Lison, D.; Hotz, P. Cadmium,
lung and prostate cancer: A systematic review of
recent epidemiological data. J. Toxicol. Environ.
Health Part B: Critical Reviews. 2003, 6, 227-255.
Parent, M. E., Siemiatycki, J. Occupation and
prostate cancer. Epidemiologic Reviews, 2001, 23,
138-143.

Achanzar, W. E.; Diwan, B. A.; Liu, J.; Quader, S.
T.; Weber, M. M.; Waalkes, M. P.: Cadmium-
induced malignant transformation of human prostate
epithelial cells. Cancer. Res. 2001, 61, 455-458.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

383

Waalkes, M. P.: Cadmium carcinogenesis in review.
J. Inorg. Biochem. 2000, 79, 241-244.

Combs, G. F. Jr.; Combs, S. B.: The nutritional
biochemistry of selenium. Ann. Rev. Nutr. 1984, 4,
257-280.

Clark, L. C.; Cantor, K.; Allaway, W. H. 1991.
Selenium in forage crops and cancer mortality in US
countries. Arch. Environ. Health. 1991, 46, 37-42.
Fleet, J. C.: Dietary selenium repletion may reduce
cancer incidence in people at high risk who live in
areas with low soil selenium. Nutr. Rev. 1997, 55,
277-279.

Hartman, T. J.; Albanes, D.; Pietinen, P.; Hartman, A.
M.; Rautalahti, M.; Tangrea, J. A.; Taylor, P. R. The
association between baseline vitamin E, selenium,
and prostate cancer in the Alpha-tocopherol, Beta-
carotene Cancer Prevention Study. Cancer Epidemiol
Biomarkers Prev. 1998, 7, 335-340.

Brawley, O.W.; Barnes, S.T. Reviews prostate
cancer: Potential agents for prostate cancer
chemoprevention. Epidemiol. Reviews, 2001, 23,
168-172.

Nelson, M. A.; Porterfield, B. W.; Jacobs, E. T.;
Clark, L.C. Selenium and prostate cancer
prevention. Semin. Urol. Oncol. 1999, 17, 91-96.
Nomura, A. M. Y.; Lee, J.; Stemmermann, G. N.;
Combs, G. F. J.: Serum selenium and subsequent
risk of prostate cancer. Cancer Epidem. Biomarkers
Prev. 2000, 9, 883-887.

Vogt, T. M.; Ziegler, R. G.; Graubard, B. I;
Swanson, C. A.; Greenberg, R. S.; Schoenberg, J. B.;
Swanson, M. G.; Hayes, R. B.; Mayne, S. T.: Serum
selenium and risk of prostate cancer in US blacks and
whites. Int. J. Cancer. 2003, 103, 664-670.

Thomson, C. D.; Robinson, M. F.: The changing
selenium status of New Zealand residents. Eur. J.
Clin. Nutr. 1996, 50, 107-114.

Vannoort, R.; Cressey, P.; Silvers, K. 1997/98 New
Zealand Total Diet Survey. Part 2: Elements.
Institute  of  Environmental  Science  and
Research/Ministry of Health, New Zealand, 2000.
Duffield, A. J.; Thomson, C. D.: A comparison of
methods of assessment of dietary selenium intakes in
Otago, New Zealand. Br. J. Nutr. 1999, 82, 131-138.
Costello, L. C.; Franklin, R. B.: Novel role of zinc in
the regulation of prostate citrate metabolism and its
implications in prostate cancer. Prostate, 1998, 35,
285-296.

Liang, J. Y.; Liu, Y. Y.; Zou, J.; Franklin, R. B.;
Costello, L. C.; Feng, P.: Inhibitory effect of zinc on
human prostatic carcinoma cell growth. Prostate,
1999, 40, 200-207.

Gibson, R. S.; Heath, A. L.; Limbaga, M. L.; Prosser,
N.; Skeaff, C. M.: Are changes in food consumption
patterns associated with lower biochemical zinc status
among women from Dunedin, New Zealand? Br. J.
Nutr. 2001, 86, 71-80.

Feustel, A.; Wennrich, R.; Steiniger, D.; Klauss, P.
Zinc and cadmium concentration in prostatic
carcinoma of different histological grading in
comparison to normal prostate tissue and
adenofibromyomatosis (BPH). Urol. Res. 1982, 10,
301-303.



384

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Catalona, W. J.; Smith, D. S.; Ornstein, D. K.: Prostate
cancer detection in men with serum PSA
concentrations of 2.6 to 4.0 ng/ml and benign prostate
examination: Enhancement of specificity with free
PSA measurements. JAMA. 1997, 277, 1452-1455.
Vartsky, D.; Shilstein, S.; Bercovich, A.; Huszar, M.;
Breskin, A.; Chechik, R.; Korotinsky, S.; Malnick,
S.D.; Moriel, E.: Prostatic zinc and prostate specific
antigen: an experimental evaluation of their combined
diagnostic value. J. Urol. 2003, 170, 2258-2262.

Gray, M. A.; Cooke, R. R.; Weinstein, P.; Nacey, J.
N.: Comparability of serum prostate-specific antigen
measurement between the Elecsys 2010 (Roche
Diagnostics) and the Architect i2000 (Abbott) assay.
Ann. Clin. Biochem. 2004, 41, 207-12.

Norrish, A.; Jackson, R.; Sharpe, S.; Skeaff, C.:
Prostate cancer and dietary carotenoids. Am. J.
Epidemiol. 2000, 151, 119-123.

Statistics New Zealand. Supermap. Statistics NZ - 1996
census: Wellington. http://www.stats.govt.nz/ 1996.
Barry, M. J; Fowler, Jr, F. J; O'Leary, M. P;
Bruskewitz, R. C.; Holtgrewe, H. L.; Mebust, W.K;
Cockett, A. T.: The American Urological Association
symptom index for benign prostatic hyperplasia: The
Measurement Committee of the American Urological
Association. J. Urol. 1992, 148, 1549-1557.

Cullen, M.: Atomic Spectroscopy in Elemental
Analysis. CRC Press: Boca Raton, FL, USA a*
ed.), 2004.

Caroli, S.; Alimonti, A.; Conti, E.; Petrucci, F.;
Senofonte, O.; Violante, N.: The assessment of
reference values for elements in human and
biological tissues and fluids: a systematic review.
Crit. Rev. Anal. Chem. 1994, 24, 363.

Becker, J. S.; Dietze, H. J.: Precise and accurate
isotope ratio measurements by ICP-MS. Fresenius J.
Anal. Chem. 2000, 368, 23-30.

Armed Forces Institute of Pathology. Standard
Operating Procedure: Inductively Coupled Plasma-
Mass Spectrometry — Cd, Zn and Se. Division of
Biophysical Toxicology: Washington DC, 2004.
Harris, A.; Gray, M. A.; Slaney, D. P.; Turley, M.;
Fowles, J. R.; Weinstein, P.: Ethnic differences in
diet and associations with surrogate markers of
prostate disease in New Zealand. Anticancer Res.
2004, 24,2551-2556.

Life in New Zealand (LINZ) Activity and Health
Research Unit. 71997 National Nutrition Survey,
LINZ Tables: Dietary Sources of Nutrients.
University of Otago: Dunedin, 1999.

Robinson, M. F.; Godfrey, P. J.; Thomson, C. D.;
Rea, H. M.; van Rij, A. M.: Blood selenium and
glutathione peroxidase activity in normal subjects and
in surgical patients with and without cancer in New
Zealand. Am. J. Clin. Nutr. 1979, 32, 1477-1485.
McKenzie, J. M.: Content of zinc in serum, urine,

hair and toenails of New Zealand adults. Am. J. f

Clinl Nutri. 1979, 32, 570-579.

Hotz, C.; Peerson, J. M.; Brown, K. H.: Suggested
lower cut-off of serum zinc concentrations for
assessing zinc status: reanalysis of the second National
Health and Nutrition Examination Survey data (1976-
1980). Am. J. Clin. Nutr. 2003, 78, 756-764.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Int. J. Environ. Res. Public Health 2005, 2(3)

Knekt, P.; Aromaa, A.; Maatela, J.; Alfthan, G.;
Aaran, R. K.; Hakama, M.; Hakulinen, T.; Peto, R.;
Teppo, L.: Serum selenium and subsequent risk of
cancer among Finnish men and women. J. Natl.
Cancer Inst. 1990, 82, 864-868.3

Kleinbaum, D. G.; Kupper, L. L. Applied
Regression Analysis and other Multivariate
Methods. Massachusetts: Duxbury Press, 1978.
Clayton, D.; Hills, M.: Statistical Models in
Epidemiology. New York: Oxford Science, 1993.
Moreno, M. A.; Marin, C.; Vinagre, F.; Ostapczuk,
P.: Trace element levels in whole blood samples
from residents of the city Badajoz, Spain. Sci.
Total Environ. 1999, 229, 209-215.

New Zealand Ministry of Health. NZ Food: NZ
People. Key results of the 1997 National Nutrition
Survey. Wellington: Ministry of Health, 1999b.
Davis, P.: Health patterns in New Zealand: Class,
ethnicity and the impact of economic development.
Soc. Sci. Med. 1984, 18, 919-925.

Luoma, P. V., Nayha, S.; Pyy, L.; Hassi, J.
Association of blood cadmium to the area of
residence and hypertensive disease in arctic Finland.
Sci. Total Environ. 1995, 160/161, 571-575.
Staessen, J.; Amery, A; Bernard, A.; Bruax, P.;
Buchet, J. P.; Bulpitt, C.J.; Claeys, F.; De Paen, P.;
Ducoffre, G.; Fagard, R. Blood pressure, the
prevalence of cardiovascular diseases, and exposure
to cadmium: A population study. Am. J. Epidemiol.
1991, 134, 257-267.

Lahermo, P.; Alfthan, G.; Wang, D. Selenium and
arsenic in the environment in Finland. Environ.
Pathol. Toxicol. Oncol. 1998, 17, 205-216.

Gibson, R. S.; McKenzie, J. E.; Ferguson, E. L.;
Parnell, W. R.; Wilson, N. C.; Russell, D.G. The
risk of inadequate zinc intake in United States and
New Zealand adults. Nutr. Today. 2003, 38, 63-70.
Pilch, S. M.; Senti, F. R.: Assessment of the zinc
nutritional status of the US population based on
data collected in the second National Health and
Nutrition Examination Survey 1976-1980. Canters
for Disease Control and Prevention: USA, 1984.
Martin, M. B.; Voeller, H. J.; Gelmann, E. P.; Lu,
J.; Stoica, E. G.; Hebert, E. J.; Reiter, R.; Singh,
B.; Danielsen, M.; Pentecost, E.; Stoica, A. Role of
cadmium in the regulation of AR gene expression
and activity. Endocrinology. 2002, 143, 261-275.
Leitzmann, M. F.; Stampfer, M. J.; Wu, K.; Colditz,
G. A.; Willett, W. C.; Giovannucci, E. L.: Zinc
supplement use and risk of prostate cancer. J. Natl.
Cancer Inst. 2003, 95, 1004-1007.

Rishi, I.; Baidouri, H.; Abbasi, J. A.; Bullard-Dillard,
R.; Kajdacsy-Ballard, A.; Pestaner, J. P.; Skacel, M.;
Tubbs, R.; Bagasra, O. Prostate cancer in African
American men is associated with downregulation of
zinc transporters. Appl.  Immunohistochem Mol.
Morphol. 2003, 11,253-260.

Wasowicz, W.; Gromadzinska, J.; Rydzynski, K.:
Blood concentration of essential trace elements and
heavy metals in workers exposed to lead and
cadmium. Int. J. Occup. Med. Environ. Health.
2001, /4,223-229.



	Gray-2005 (IntEnvResPubHealth).pdf
	Received: 12 December 2005 / Accepted: 04 April 2005 / Published: 30 December 2005
	Total
	New Zealand
	European
	vs
	Maori
	Study
	Study




2007 European Conference on Plasma Spectrochemistry,
Taormina, Italy, Feb18-23, 2007

Comparison between the Cadmium, Zinc, Selenium, Iron and Arsenic Content in
Fresh and Paraffin Embedded Tissue Specimen

Todorov, T.I.1, Gray, M.A.2, Sarafanov, A.°, Kadjacsy-Balla, A.* and Centeno, J.A.2

! Crustal Imaging and Characterization Team, United States Geological Survey, Denver,
CO, USA; 2School of Public Health, Tropical Medicine and Rehabilitation Sciences,
James Cook University, Townsville, Australia; *Department of Environmental and
Toxicologic Pathology, Division of Biophysical Toxicology, Armed Forces Institute of
Pathology, Washington, DC, USA; “Department of Anatomic Pathology, University of
Illinois at Chicago, Chicago, IL, USA; Email: ttodorov@usgs.gov

Prostate cancer is a major public health issue worldwide. There is evidence that
prostate tissue Cd levels are markedly elevated in patients with prostate cancer and that
Cd overload is present in the vast majority of patients. There is strong evidence that the
loss of a unique capability to retain high levels of Zn is an important factor in the
development and progression of malignant prostate cells. Research has found a distinct
biological antagonistic effect between Zn and Cd in the human prostate gland and a
decrease in Zn levels in prostate cancer. Increased Fe levels can enhance cancer cell
invasion. On the other hand, studies have shown that men with higher levels of blood Se
have decreased chance of developing prostate cancer.

The aim of this study is to compare levels of Cd, Zn, Se and As in both paraffin
embedded tissues and frozen tissue to provide validity for the use of archived paraffin
embedded materials for trace element research. For the study we used liver and kidney
tissues for the initial method validation followed by prostate tissues. The prostate tissue
samples were obtained from the Cooperative Prostate Cancer Tissue Resource prostate
tissue bank. A non-cancerous section of the tissues was divided in two parts: (1) the first
part was digested and analyzed for Cd, Zn, Se and As and (2) the second part was fixed
and embedded in a paraffin block after which tissue was retrieved from the block,
digested and analyzed for Cd, Zn, Se, Fe and As. The quantitative analysis was
performed using a high resolution inductively coupled plasma mass spectrometer. We
will discuss the reliability of Cd, Zn, Se, Fe and As in paraffin embedded tissues for both
liver and kidney specimens as well as for prostate tissues. Results show good correlation
for Fe, Se, Zn and Cd in the various types of tissues under investigation. Therefore, this
study validates the use of paraffin embedded repository materials for research into the
environmental etiology of prostate cancer and other diseases.







