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BACKGROUND

Cadmium (Cd) is aheavy metal that is classified as a human carcinogen
(group 1A), one of the cancers that it can cause being prostate cancer.
The development of prostate cancer on a molecular basis involves
oncogenes such as insuline-like growth factor-1 (IGF-1). Prostate cancer
can be detected in the laboratory through the examination of prostate
specific antigen (PSA). The present study aimed to determine the
relationship of Cd levels with levels of PSA and IGF-1 in exposed and
unexposed workers.

METHODS

The study design was cross sectional. The subjects of the studycame from
two groups of workers, ie. the group of Cd exposed workers who were
welding shop workers and the group of unexposed workers who were
officeworkers. The minimum samplesize was 85 people. Theindependent
variablewasblood Cd level. The dependent variableswere PSA and | GF-
1levels. Blood Cd level swere measured by atomic absorption spectrometry
(AAS), while PSA and IGF-1 were measured using ELISA. Dataanalysis
was performed using the Mann-Whitney test and the Spearman correlation
test.

RESULTS

Mean blood Cd level in the exposed workers was 6.5 ug/L and in the
unexposed workers 2.15 ug/L. There was a relationship between blood
Cd and PSA levels (p<0.05) and between blood Cd levels and IGF-1 (p
<0.05).

CONCLUSIONS

There was arelationship of blood Cd with PSA and IGF-1 levels.among
workers. PSA and | GF-1 could be abiochemical markersof disease control
in cadmium exposed workers.

Keywords: Cadmium, prostate specific antigen, insuline-like growth
factor-1, workers
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INTRODUCTION

Cadmium (Cd) is a heavy metal that has
carcinogenic effectson humans (group 1A)
according to the International Agency of Research
on Cancer (IARC). Cadmiumis carcinogenic in
humans, as has been determined based on studies
in humans and experimental animals. Severa
studiesof Cd exposed workers claim significant
increases in lung cancer, although there is still
controversy about disturbing exposures to other
metal's, such asarsenic or nickel.® In addition to
lung cancer, Cdisalso suspected to cause prostate
cancer in humans, because Cd accumulatesin the
prostate and testes, aswell asin the kidneys and
liver. The study showed increased Cd inthe blood
and prostate of miceinjected with Cd. Theamount
of Cd accumulated in the prostate is
approximately 50% of the total Cd in the body
and islinearly associated with the amount of Cd
accumulated in the liver and testis.® Research
by Guzel et a.® proved the effect of Cd exposure
on prostate cancer, with their results showing
elevated Cd levelsin patientswith prostate cancer.

The development of prostate cancer on a
molecular basisinvolves many gene expressions,
suchas 1024-1g25 (HPC1),1g42-q43(PCAP),
XQg27-g28 (HPCX), 20913 (HPC20), and
mutationsin tumor suppressor genessuch asp53,
PTEN, CDKN1B, MX11, NKX3.1, glutathione
S-transferase gene (GSTP-1) and several
oncogenes such as insulin-like growth factor-1
(IGF-1).® IGF-1 can cause cancer through
inhibition of apoptosis and stimulation of cell
proliferation. Epidemiological studiesreported a
positive correlation of IGF-1 with prostate
cancer.®

Thelaboratory indicator for prostate cancer
isprostate specific antigen (PSA). Cdiscurrently
one of the most extensive occupational and
environmental pollutants. Some studies suggest
arelationship between Cd and PSA. The results
of astudy by de Coster et al.® showed asignificant
correlation between urinary Cd levels of >p90
(1.24 pg/L) and PSA levels in the population
group aged 50-65 yearsliving in nine areaswith
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different levels of air pollution.On the contrary,
the results of a study by Pizent et al.” found no
significant association between blood Cd and PSA
in men with a history of work unexposed to Cd.
This indicates that a relationship will be found
between Cd and PSA at high Cd levelsbut not at
low Cdlevels.

Natural conditions of Cd release into the
environment are due to the weathering of
sedimentsfrom the effects of weather, erosion and
volcanic activity. On the other hand, under
anthropogenic conditions Cd isreleased into the
environment due to human activity. Relations
between Cd and IGF-1 have been investigated by
Chen et a.® The results showed a proportional
relationship between Cd and IGF-1 levels, with
higher Cd levelsat high IGF-1 levels.

Workers in alarge variety of occupations,
especially those who are involved in the
manufacture of alloys and batteries, and
nonferrous metal smelting and refining, are
exposed to high levels of cadmium through
inhalation of dust and fumes, and incidental
ingestion of dust from contaminated hands,
cigarettesor foods.® The high levels of blood Cd
are influenced by workplace environmental
factors, foods/beverages and tobacco. The Cd
exposed workers comprise such groupsas police
officers, smelter workers, and workers in metal
casting and welding.In nature, Cd, such as
electroplating, mining, smelting, use of pesticides,
fertilizers, etc.19

Welding shop workers are at risk of
exposure to Cd. Cd sources of exposure among
welding shop workers are from Cd fumes
generated in the welding process. Cd levelsin
the air depend on the workplace environment for
welding filler metals, thewel ding techniques used
and the condition of the workplace. High levels
of environmental Cd lead to highlevelsof Cdin
the blood that can cause prostate cancer. Several
epidemiologic studies investigating the
association between Cd exposure and
susceptibility to prostate cancer have yielded
inconsistent findings. High levels of Cd in
exposed workers was proven by the research of
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Moitra et al.,*» which showed a significant
difference in blood and urine levels of Cd in
jewelry factory workers (5.8 ug/dL) ascompared
with thosein unexposed workers, such asjewelry
sales employees (0.41 pg/dL). The Indonesian
National Standard (SNI) for Cd exposurein the
workplaceis 10 ug/m?for metallic Cd and 2 ug/
mé for Cd in theform of compounds.In men, Cd
was associated with cancers of the lung and
pancreas and with non-Hodgkin lymphoma, but
not with prostate cancer.?

The present study aimed to determine the
relationship of Cd levelswith levelsof PSA and
IGF-1in Cd exposed and unexposedworkers.

METHODS

Research design

This study was an observational analytic
study of cross sectional design. Theresearch was
carried out in 8 months (January to August 2015)
and was located in Purwokerto and Banyumas
City, Banyumas District.

Resear ch subject

The subjects of the research came from two
groups of workers, one group consisting of Cd
exposed workers and the other group consisting
of unexposed workers. The Cd exposure group
were welding workers and the group of workers
unexposed to Cd were officeworkers. Thesample
sizewas determined based on a0.05 significance
level and power of 80%, with correlation of 0.3,
giving a minimum sample size of 85 people.
Sampleswere selected by consecutive sampling
in accordance with theinclusion criteria, which
weremales over 30 years of age and having
worked in the workplace for a minimum of 6
months. The exclusion criteriawasacquiring an
acuteillness (elevated body temperature) during
the last 4 months.

Laboratory analysis

Blood samples were collected from the
median cubital vein.Prior to blood sampling, the
subjects were asked to fast for 10 hoursand not
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to have sexual intercourse during 2x24 hours.
Blood sampling was performed at 7:00 am. to
9:00. Approximately 10 mL of blood wasdrawn
into small purple-top vacutainer tubes. Following
clotting, the blood tube was centrifuged at 2500—
3000 x g for 5 min. The plasma supernatant was
placed in a sterile acid-washed, metal ion—free
microfuge tube, and stored frozen at -20°C until
needed for the assays.®

Cadmium levels were determined using
standard laboratory protocols. In brief,
specimenswere acid digested under high pressure
in a microwave oven and then assayed for
cadmiumin aPerkin EImer 3110 (Waltham, MA,
USA). Weused acalibration curve prepared from
a serially diluted cadmium standard (Merck,
Germany).®®

PSA and | GF-1 levelsweredetermined using
human Elisakit (Sunred Biotechnology Company,
Ltd, Shanghai), based on the principle of the
double-antibody sandwich technique, and assayed
on an Elisa Reader 270 (Biomeureux, France).

Laboratory analysis took place at the
laboratory of the Institute for Research, Faculty
of Medicine, Jenderal Soedirman University,
Purwokerto.

Dataanalysis

Data analysis to determine differences
between groups was by means of the Mann-
Whitney test, because the datawere not normally
distributed. Data analysisto determine whether
there was a correlation, was done using the
Spearman correlation test.

Ethical clearance

This study was approved by the
Commission on Health Research Ethics, Faculty
of Medicine, Jenderal Soedirman University
(Unsoed) with Ref no: 062/K EPK/I11/2014.

RESULTS
The study was conducted on 85 subjects,

consisting of 40 Cd exposed workers and 45
unexposed workers. The average age of the Cd
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Table 1.Subject characteristics and difference of blood Cd, PSA and | GF-1 between groups

.. Exposed workers T nexp osed workers
Characieristics * (n=40) @(11:45) P
Be (v 40 43 £ 6. 6% IZ24ET W 0.062
Length of wotk () 1363 £7.95 1120 £6. 4 0.199
Blood Cd(pgl) f.50£1.20 2342076 0.ooo*
Blood P3A (ng'dl)
Iiedian 338 194 0.ooo*
Blood IGF-1 (ngfdl)
Iedian 567 5035 0.280
*Significant 0.05, tested by Mann-Whitney test
exposed workers was higher than that of the DISCUSSION

unexposed workers. There was no significant
difference in age between exposed and
unexposedworkers (p>0.05).The averageof
duration of work of theCd exposed workerswas
longer than that of the unexposed workers. There
was no significant differencein duration of work
between the exposed and unexposedworkers
(p>0.05). There was no difference in
characteristics between exposed and unexposed
workers, as presented in Table 1.

Statistical analysis of blood Cd, PSA and
| GF-1 ofthe groups showed differencesin levels
of blood Cd and PSA between Cd exposed
workers and unexposed workers (p<0.05) but no
differenceinlevel of IGF-1 between Cd exposed
and unexposed workers (p>0.05), as presented
in Table 1.

Therelationship between blood Cd and PSA
was statistically significant (r=0.445; p<0.05),
being weakly positive. Similarly, the relatioship
between blood Cd and IGF-1 was statistically
significant (r=0.218; p<0.05), being al so weakly
positive, aspresented in Table 2. Further analysis
found a statistically significant relationship
between IGF-1 and PSA (r=0.502; p<0.05), the
relationship being moderately positive, as
presented in Table 2.

The present study showed statistically
significant differencesin thelevel sof Cd between
exposed and unexposed workers. Cd levelsin
exposed workerswere higher than those in
unexposedworkers. Theresults of thisstudy was
similar with those of Golbabaei et al.* in Iran,
who found differencesin levelsof urinary Cdin
weldersand controls.

Theresultsof our study on exposed workers
showed that blood Cd concentration was 6.5mg/
L. These resultsare different with those of the
study by Idham @ on weldersin an automotive
plant in Jakarta, with the blood Cd levelsranging
from 1.28 ug/L up to 43.33 ug/L, and mean of
14.29 ug/L. The differencesin these results are
due to the different characteristics of the
workshops. The weldingprocess in Idham’s
research was conducted in aclosed roomwith a
ventilation system, whereasthe welding process
in the present study was conducted in an open
location so that the metal fumes
immediatel yevaporate into the surrounding air.
According Golbabaei et al.* welders working
in an enclosed space with poor ventilation are at
a 150 times higher risk than are weldersin open
space.

Table 2. Correlation between blood Cd, PSA and | GF-1 (n=85)

Variahle

PS4 (ng/dL)

I1GF-1 (ngAlL)

EloodCd (tg/L)
BloodIGF-1 (ng/id)

r=0.045 (0.000%
£ = 0.502 (0.000%)

r=0.21% (0.045%

*Significant p<0.05 (2-tailed), tested by Spearman test
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The mean blood Cd of unexposed workers
was 2.34 ug/L. Sources of Cd exposure in this
group are the environment, cigarettes, foods and
beverages, which contain Cd. A total of 53% of
the subjects were smokers. According to the
National Research Council (US) Subcommittee
on Zinc Cadmium Sulfide, the average cadmium
intake through food varies between countriesand
individuals. Intake of nonindustrial Cd in rural
areas is estimated to be 10-60 ug/day, and in a
polluted areain Japan it was reported to be higher
(500 wng/day). Cd intake from cigarettesis
estimated at 0.1-0.2 ig per cigarette, so it can
be shown that in individuals who smoke 20-40
cigarettes/day, the intake of Cd is 2-8 ig/day.
Theresults of the study by He et al.®® in China
found that mean exposure to Cd was 16.7 ug/
day or 33.8% of thedaily tolerableintake. Foods
and cigarettes are a major source. Cd exposure
from food was 12.8 ug/day, while that from
cigarettes was 3.9 mg/day.

Most of the unexposed workers reside and
work in urban areas. The results of research by
Mohmandet al.*” was that one of the heavy
metals contained in the air is Cd. Cd levelsin
urban areas are higher than in rural areas.
According to the National Research Council
(US) Subcommittee on Zinc Cadmium Sulfide,
in America, peoplewho breathe 20 m® of air per
day and use 10% of their time outside their
homesare estimated to absorb 0.1-0.8 ugCd/day
in urban areas and lessthan 0.02 ug/day in rural
areas.

Theresults of ourstudy showed differences
in PSA levels between exposed and unexposed
workers. The results of the analysis of the
correlation between blood Cd and PSA were
found to be statistically significant. The results
of our study are similar to those of Zeng et al.(*®
in China, who found that subjectswith apositive
digital rectal examination and PSA blood levels
above normal limits, have blood Cd levelsabove
normal. The mechanism of the effect of Cd on
PSA levelsisto date still unclear. Thereissome
conjecture about the mechanism of the effect of
Cd on plasma PSA.
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Severa studieshave strongly suggested that
the effect of Cd on the occurrence of prostate
cancer is through changes in the expression of
apoptosis regulator cells and inhibition of cell
apoptosis. Barriers to apoptosis of cells are
characterized by decreased expression of the
caspase 3 gene, p53 oncogenes, decreased
RAD51 andincreased gadd45 oncogenes and the
growth factors c-jun and igf1rb.(19

Prostate cell proliferation caused by
exposure to Cd increases the PSA synthesisin
prostate cells. The prostate is the main source
of PSA production. An increase in serum PSA
indicates prostate pathol ogy. Results of research
by Mok et al.? in Korean males found a
relationship of increased risk of prostate cancer
with PSA. Therisk of prostate cancer increased
by 7% for each increase of 1 ng/mL PSA.

The results of our study differ from those
of Wu et a.®» who found that PSA levels are
inversely associated with blood cadmium (BCd)
and urinary cadmium (UCd) levels.Multivariate
logistic regression analysis showed that men with
PSA >4.0 ng/mL had an odds ratio (OR=0.4;
95% CI=0.1-0.9) to have BCd of >0.49 ug/ L.

The present study showed a weakly
significant association between blood Cd levels
and IGF-1. These results support the study of
Chen et a.® who found increased level s of |GF-
1inthe liver cells of zebra fish that had been
exposed to Cd and under observation for 12 and
24 hours.

The present study showed a moderately
significant association between | GF-1 and PSA.
According to research by Saikali et al.?? IGF-1
significantly increased the invasive capacity of
DU145 prostate cancer cellsin vitro. The data
indicates a regulatory role of IGF-1 signalling
viaboth the phosphatidylinositol-3 kinase (PI 3-
K) and the mitogen activated protein kinase
(MAPK) pathways in DU145 prostate
carcinoma cells. Phosphorylation of the key
elements of these pathways, Akt and the MAPK,
following IGF-1 treatment, confirmed the role
of the PI3-K and MAPK pathways in IGF-1
signalling and correlated with invasive capacity.
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A meta-analysis by Rowlands et a.® confirms
that raised circulating IGF-1 is positively
associated with prostate cancer risk.

These resultswere different from those of
Borugian et al.®» who observed no association
of prostate cancer risk with prediagnostic |GF-
land a positive association with prediagnostic
IGFBP-3 and prostate cancer, but only for the
subgroup of black males and only in the third
quartile. Theinteraction between |GF-1 and | GF-
IR is regulated by the IGF-binding proteins
(IGFBPs), IGFBP-3 being the most abundant.
Attissuelevel, IGFBP-3regulatesthe mitogenic
activity and inhibits the anti-apoptotic effect of
IGF-1 and has been linked to induction of
apoptosis. In prostate cancer patients with
undetectable PSA levels, their IGFBP-3 levels
are expected to be higher, since IGFBP-3 is a
substrate of PSA and is proteolytically cleaved
by it. Theinverse correlation between PSA and
IGFBP-3 could make IGFBP-3 a possible
biochemical marker of disease control in prostate
cancer patients.®

The present study has limitations such as
not performing measurements on | GFBP-3 and
not doing more clinical examinations, such asa
digital rectalexaminations for confirmation of
any abnormality in the prostate of subjectswith
PSA levelsabove 4 ng/L.

The clinical implication of thisresearchis
that |GF-1 may be used as biomarker of prostate
cancer. To achievethese objectives moreresearch
is needed that examines the sensitivity and
specificity of IGF-1 for the early detection of
prostate cancer. Research is also needed to
determine other biomarkers of prostate
carcinogenesis caused by Cd exposure by aless
expensive and equally valid method for
prevention of occupational diseases. Prevention
can be done through controls to ensure that
welding done in a confined space is provided
good ventilation, through measurement of Cdin
the working environment, through education of
workersin healthy practicesin hygiene, through
periodical medical checksand the use of personal
protective equipment.
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CONCLUSIONS

The present study showed an association
of blood Cd with PSA and IGF-1. PSA and IGF-
1 can be used for screening of occupational
diseasesin workers exposed to Cd.
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