
The determination of copper oxidation state in 

breast tumour tissue using XANES 

M.J.Farquharson1, A. Al-Ebraheem2 

1 Department of Medical Physics and Applied Radiation Sciences, McMaster University, 1280 Main St. 
W, L8S 4L8, Ontario, Canada.  

 2 Department of Radiography, City Community and Health Sciences, City University,  
London, EC1V 0HB, UK.   

 
Introduction:  
Copper takes part in many biological functions such as electron transfer and catalysis. Cu is the main 
component of redox active metalloenzymes, such as Zn-Cu SOD. The antioxidant function of SOD 
requires a cyclic reduction and reoxidation of Cu (II) and Cu (I), respectively for each SOD molecule. 
SOD enzyme is encoded by SOD1 gene which is coordinated with one Zn and one Cu. Thus any 
changes Cu or Zn binding may result in alteration of the antioxidant function of SOD or mutation of 
SOD1 gene. However Cu is potentially toxic to biological systems as it is related to the induction of 
oxidative stress. The Fe (III)/Fe(II) and Cu(II)/Cu(I) redox are the main components of Fenton reaction 
(Toyokuni 1996), in which Reactive Oxygen Species (ROS) are produced. Generation of (ROS) is a 
main contributor to DNA damage and the subsequent carcinogenesis process. Moreover, Cu is required 
for the formation of new blood vessels (angiogenesis) which is a critical step of tumour progression. 
Excessive accumulation of Cu in breast cancer has been reported (Geraki et al 2004). The aim of this 
study is to identify the oxidation state of Cu in normal and tumour breast samples in order to correlate 
the oxidation sate of this element to the carcinogenesis process (Farquharson et al 2008). The result 
obtained from this study may help in establishing the basis for selecting appropriate anticancer agents 
for the patients. Antitum or approach based on the administration of Cu chelator to prevent angiogenesis 
has been developed. 
 
Method:  
The data was collected at Hasylab, beamline L (Hamburg, Germany).  The bending magnet source 
produces a beam monochromated by a Si (111) double crystal. The bandwidth of the incoming beam is 
? E/E ~10- 4, therefore the typical count rate of Cu signal is reduced by a factor of 30.The beam size on 
the sample was approximately 15µm diameter. A 45 ° geometry was used between the incident 
radiation beam and the sample, and a 90°  geometry between the incident beam and the detector. The 
samples are formalin fixed paraffin embedded tissue of human primary invasive breast cancer. The 
samples were in the form of tissue micro arrays consisting of 1.0mm diameter sect ions of tissue. Two 
slices were cut from the paraffin block, one being 10µm thick the other being 5µm thick and cut 
adjacent to the 10µm slice. The 10µm thick slice was mounted on 4µm ultralene XRF film. The 5µm 
thick slice was mounted on a standard glass slide and then stained using H & E dyes . Micro-mapping 
analysis Cu distribution in breast samples was performed prior to the XANES analysis to identify 
tumour and normal ROIs. XANES measurements were taken over the selected points in the breast 
samples at the Cu k-edge 8979eV regions, with variable energy steps. The oxidation states of these 
elements were determined by comparing the XANES spectra from each element with standard 
chemical compounds. The standards include a Cu foil, CuI and Cu2SO4 compounds for Cu, Cu (I) and 
Cu (II) oxidation state respectively. The data were measured in fluorescence mode for the biological 
samples. The intensity of the incident beam (Io) was measured using an ionization chamber and the 
intensity of fluorescent x-rays, If, was recorded using an energy dispersive Si drift detector .The 
experimental absorption coefficient (µ), for a given element, was obtained by taking the ratio (If /Io). 
XANES Dactloscope software was used for data analysis. For all  spectra, a pre-edge background was 
subtracted to set a zero level. The spectra  were normalized by the edge jump height, which represents 
the difference between the lowest and highest points in each spectrum. The absorption edge is located 
at the half height of the jump. 
 
Result: 
Different features of XANES spectra as well as the first derivative of XANES spectra can be used to 
determine and characterise the oxidation state of Cu. Cu (I) spectrum is characterised by a single well 



defined peak at 8983–8984 eV, which is due to the 1s -4p electronic transitions and a  lower intensity 
white line at 8990eV. While the main characteristic features of Cu(II) are  a weak absorption at about 
8976–8979 eV, due to the dipole-forbidden, quadrupole allowed 1s-3d electronic transition (Deutsch et 
al. 2004) a shoulder at 8987–8989 eV can be attributed to 1s-4p transitions, and an intense white line at 
8994eV. However, the peak at 8976-8979eV was not used for the qualitative analysis.  
 

Figure 1 below shows averaged spectra of all normal, tumour and the reference materials. 
XANES features of normal and tumour lie within the Cu (II) region. An intense white line is observed 
at 8995eV. XANES features of the spectra suggest the possibility of containing mixtures of copper ions 
in different oxidation states. Compared to Cu (I), a strong decrease in 1s-4p peak intensity is observed, 
together with an energy shift (8983? 8984) eV, while the position of the edge and the white beam in 
the XANES spectrum is still toward Cu (II) spectra. The shift of the edge in the tumour spectrum 
towards Cu (I) spectra may indicate that a fraction of the Cu (II) ions have been reduced to Cu (I).  

 

 
Figure 1: Comparison of the Cu K-edge XANES spectra obtained for average normal, average tumour 

and for the reference materials 
 
Conclusion: 
The main problem encountered in this experiment was the low signal to noise ratio which may result 
from the low concentration of Cu. The XANES spectra suggest that both tumour and normal samples 
contain a mixture of Cu (I) and Cu (II). Zn/Cu SOD is a predominant Cu (II) binding protein while 
mitochondria and transport proteins are Cu (I) binding protein. Zn/Cu SOD enzyme was suggested as a 
major target for chelation therapy. However, in order to estimate the best target for therapy we will 
need to collect more data in order to provide more about the relative ration of Cu (II) /Cu (I) and their 
distribution at subcellular level.  
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