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PROSTATE CANCER PREVALENCE AND 

MORTALITY 

• 1 in 6 men in the U.S. may develop prostate 
cancer in their lifetime; 1/6=  %18 lifetime risk 

• 29% of all cancer diagnoses  

• 11% of all cancer deaths in men 

• incidence of prostate cancer is increasing, 
mostly due to increased awareness and 
screening. 

• Overalert—dr&population 

• Widespread use PSA = enhance early PCa 







Age-adjusted prostate cancer incidence rate was 35 cases per 100,000 in Turkey 



MPCA - Prognosis 

         

James ND et al. Eur Urol, 2014, http:// dx.doi.org/10.1016/j.eururo.2014.09.032  

STAMPEDE  

917 pts 



Definition; trace elments… 



 Element: An element is a chemical substance that is 
made up of a particular kind of atoms and can not be 
broken down or transformed by a chemical reaction into 
a different element 

 

 Trace element: Those elements which occur or function 
in living tissues in concentrations most conveniently 
expressed in µg/l 

Trace elements in human nutrition, WHO, 1973 

 

Definitions  
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Trace Elements 

 Definition:  

 Trace elements have a concentration of less 

than 0.0001 g/g or 0.1 g/L. 

 Significance: 

 14 elements are essential for bacteria, plants 

and animals (including humans); 

• the transition elements V, Cr, Mn, Fe, Co, Ni, Cu, Mo 

and Zn;  

• the metalloids B, Si Silicon and Se; 

• the halogen elements F Fluoride and I. Iron  

 Why?: 

 There are two main reasons for  their 

measurement in a clinical-nutritional setting:  

• to determine deficiency or toxicity.  



Classification (WHO, 1996)  

 Essential trace elements 

 Iodine, Zinc, Selenium, Copper, Molybdenum, 
Chromium, Cobalt, Iron  

 Trace elements that are probably essential 

 Manganese, Nickel, Silicon, Boron, Vanadium 

 Potentially toxic elements with possible essential 
functions in low doses 

 Fluoride, Lead, Cadmium, Mercury, Arsenic, Lithium, 
Tin, Aluminium 



Elemental Classification 



Overload and Deficiency 

 Metals act as nutrients:  

 Macronutrients (K) and Micronutrients (Mo, Zn etc).  

 Metals act as toxic agents: 

 (Fluoride, Lead, Cadmium, Mercury, Arsenic, Lithium, Tin, Aluminium). 

• The toxicity depends on the concentration and 

the target organism. 

• Toxicity also depends on the chemical form of 

e.g. Cr (III) essential, Cr (VI) toxic. 



Analytical Methods 



Analytical Chemistry to the Rescue 

• Qualitative - identification of trace metals 

• Quantitative – concentration (amount) present 

eg ug/L, mol/L, % 

• Requirements of method –  

• Liquid form required so solid samples have to be 

dissolved or digested using an acid; 

• Specific for the trace metal of interest; 

• Accurate, not affected by other components, in 

agreement with other methods; 

•  Precise, stable over short and long term; 

• Able to detect low concentrations as well as high; 

• Automated and multi-elemental. 



Instrument Detection Limits 



Absorption or Emission ? 

 All spectroscopic techniques depend on the absorption 

or emission of electromagnetic radiation. 

 Absorption or emission arise from quantized energy 

changes within the atom or molecule. 

E = h x f = h x c/l (h Planck constant and c speed of light) 

Atomic Absorption  

Ground State 

High Energy State 

Atomic Emission 

Absorption of 

thermal, radiation 

or electrical energy. 



Atomic Absorption Spectroscopy 

Radiation 

source 

(HCL) 

Atomisation cell 

(flame) Monochromator 

Detector 

(photomultiplier 

tube) 
SAMPLE 

Aspiration 

via nebuliser 

(I0) (I) 

Double Beam 

Instrument 
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Atomic Absorption Spectroscopy  
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Atomic Absorption Spectroscopy  

burner 

Wavelength 

Selection 

detector 

holllow 

cathode 

lamp 

 Hollow cathode lamp – special light source. 

Fe  coated 

~300 V potential in  the lamp causes ionization  of  the fill  gas 

Ne   Ne + + e - 

The  Ne + hits the surface  ( cathodes attract  positive  charge ) 

Fe 0 * ( Excited state  Fe 0 )  is ejected . 

Fe 0 *   Fe 0 +  h n . 

Ne + 

Fe 0 * 

Fe  coated 

~300 V potential in  the lamp causes ionization  of  the fill  gas 

Ne   Ne + + e - 

The  Ne + hits the surface  ( cathodes attract  positive  charge ) 

Fe 0 * ( Excited state  Fe 0 )  is ejected . 

Fe 0 *   Fe 0 +  h n . 

Ne + 

Fe 0 * 

Hollow cathode 
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Atomic Emission Spectroscopy 
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 Flame emission is the oldest spectroscopic technique 

 In contrast to AAS where specificity is generated by 

HCL this is not the case in FES 

 Spectral interferences cannot be resolved by monochromator 

 Flame photometry only applicable to specific elements 

in simple matrices.  Group I and Group II 

 Uses cooler flame (air-propane/butane/natural gas) 

 No other metals are excited so monochromator is not 

needed. An Interference filter is used 

 Cheap 

Atomic Emission Spectroscopy 
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Flame (Emission) Photometry   

Corning 410 
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Inductively Coupled Plasma 

ICP-OES Plasma Cross Section of  Plasma 

• Use a hotter flame eg ICP Temperature is between 

7000 and 10 000 K (same temp. as surface of sun).  

• Can do multi-elemental analysis 
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ICP-OES or ICP-AES  
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ICP-OES vs ICP-MS 

Comparison of 

(a) ICP-optical 

spectrum for 100 

ppm cerium and  

 

(b) ICP-MS 

spectrum for 

10ppm cerium. 
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Detection Limits 





Introduction 

 There is no information of mecanism 
       Banas 2010 

 

 Selenium is known to be both an essential 

and toxic element.  
• Selenoproteins ---- defense mechanism 

      

           Goldhaber 2003 

 Toxicity= Selenosis ! 
 

 Daily dose 0.005 mg/kg-day (USEPA) 
       



Selenium  
 

 It is present in all body tissues except fat.  

Sources : Meat, fish, nuts and eggs are good 
sources. vegetarians and vegans may be at risk 
of deficiency. 

 Functions :  

Selenium is an integral part of over 30 
selenoproteins; the most important of which are 
glutathione peroxidases and iodothyronine 
deiodinases.  

 







Vinceti et al; 2015 May 22. 

 No convincing evidence suggests that 

selenium supplements can prevent cancer 

in humans. 



Ni & PCa 

 Not clear whether nickel-containing 

enzymes have the same functions in 

human mechanism as like plants and 

animals 

 capability of promoting tumor: 
 induction of DNA aberration,  

 deletion, inhibition of intercellular transmission 

mechanism,  

 Formation ofDNA–protein crosslink,  

 inhibition of the maintenance of nucleotide excision, 

oxidative deformation,  

 Methylation of DNA 

 

 



Ca & PCa 

 Dairy calcium may increase total prostate 

cancer risk 

 Supplemental calcium was associated with 

increased risk of fatal prostate cancer 
                       Am J Clin Nutr, 2015 Jan;101(1):87-117 

 

 Calcium may not have a strong 

independent effect on prostate cancer risk 
                Am J Clin Nutr. 2015 Jan;101(1):173-83 



Materials 

 PCa tissue from RRP              50 pts 

 BPH tissue from TUR-P          50 pts 

 TEs analysed at ICP-OES and ICP-MS  

 

 



M&M 

 relationships between analyte 

concentrations and  

 preoperative PSA levels,  

 histopathological neurovascular 

invasion,  

 extracapsular extension,  

 seminal vesicle invasion,  

 positive surgical margins,  

 PSA relapse after radical prostatectomy 

 total Gleason scores 



Results 



 Se – Gleason Score pos 

correlation 

 

 There was no statistically 

meaningful relationship 

between selenium levels and 

other  clinical parameters.   

Se; in BPH >PCa 



Ni; in BPH > PCa 

 There is no other statistically meaningful 

relationship observed between nickel 

concentration and the other parameters. 



Ca; in BPH > PCa 

 Mean calcium concentration was found to 

be significantly lower in patients with 

neurovascular invasion. 



Conclusions 

 Se level was found to be significantly higher in 

patients with Gleason≥7 in cancerous group 

 Correlation between selenium and preoperative 

PSA levels was observed (p>) 

 no independent prognostic relationship 

observed between PSA relapse and TE 

 little is known about the role of these elements 

in initiation and/or progression for different 

cancer types including prostate cancer. 

 





Thank you… 

Prostate Fighters 
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Inductively Coupled Plasma 

Cool and Plasma

tangential gas

flows

Sample

aerosol

Load Coil

Quartz glass tubes

Magnetic field

Annular Plasma
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Atomic Mass Spectrometry 



• At the end of this lecture you should: 

• Appreciate the function and effect of 

trace elements 

• Understand the basic concepts behind 

their measurement 

• Appreciate the different types of atomic 

spectrocopy: AAS, FES, ICP-OES and 

ICP-MS 

• Understand the main interferences 

associated with each technique 

Learning Outcomes 



• Thursday 20th November 2014 

• Meet in SAS Trace Element Lab, 15 Frederick 

Sanger Road, Surrey Research Park 

• Directions on the research park website 

http://www.surrey-research-park.com/location/ 

• Practical sheets will be handed out 

• The practical involves a tour of the lab, a 

demonstration of ICP-MS and ICP-OES, 

followed by some problems to be solved. 

Practical Session 


