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EDITORIAL
Malignant transformation of prostate epithelial cells is 

associated with metabolic changes, including alteration of copper 
metabolism. Preclinical studies demonstrated that human 
prostate cancer xenografts with increased 64Cu radioactivity 
could be visualized in vivo by positron emission tomography 
after intravenous injection of copper-64 chloride (64CuCl2) as a 
radiotracer. Altered copper metabolism holds potential as an 
imaging biomarker for metabolic imaging and personalized anti-
copper therapy of prostate cancer. 

Prostate cancer is the second most common cause of cancer 
death, after lung cancer, for men in the United States [1]. Malignant 
transformation of prostate epithelial cells is associated with 
change of metabolism, leading to the development of multiple 
radiotracers for positron emission tomography (PET) of prostate 
cancer targeting the altered metabolism [2,3]. These include 
F-18 FDG [4] for PET of glucose metabolism, C-11 choline [5] and 
F-18 choline [6], F-18 Fluoroethylcholine [7] for phospholipids 
synthesis, C-11 acetate [8] for lipid synthesis, F-18 FMAU [9] for 
DNA synthesis, and C-11 methionine [10] for protein synthesis. 
Prostate cancer is a complex, heterogeneous disease [11,12], 
there are continuous efforts to develop new radiotracers for PET 
of other various metabolic changes in prostate cancer. 

Copper is an essential nutrient required for cell proliferation, 
and higher quantities of copper ions were detected in prostate 
cancer tissue compared with those present in normal tissues 
[13,14]. Human prostate cancer xenografts with increased 64Cu 
radioactivity in mice were visualized by PET at 24 hours post 
injection of copper-64 chloride (64CuCl2) as a radiotracer [15]. The 
molecular mechanism of increased copper uptake by PC-3 human 
prostate cancer xenografts remains to be elucidated, which may 
be mediated by influx copper transporter activity of human 
copper transporter 1 (hCtr1) detected by immunohistochemistry 

analysis [15]. Copper is required for normal function of many 
molecules in signal transduction pathway regulating cell 
proliferation, but excess copper is cytotoxic. Increased copper 
uptake by prostate cancer cells may reflex increased demand for 
more copper ions due to oxidative stress related to uncontrolled 
growth of cancer cells. In addition to hCtr1, analysis of changes 
of other copper transporters, chaperons, and other molecules 
related to maintenance of copper homeostasis may provide 
useful information for further investigation of the role of altered 
copper metabolism in oncogenesis of prostate cancer. 

Positron emitting 64Cu radionuclide has a half-life of 12.7 
hours, making it desirable for PET of copper metabolism in vivo. 
Copper-64 chloride (64CuCl2) was used as a tracer for assessment 
of copper metabolism disorders in normal human subjects and 
patients with Wilson’s disease by ex vivo radioactivity assay of 
body fluids or scintiscans [16,17]. Recently, preclinical radiation 
dosimetry of 64CuCl2 using Atp7b -/- knockout mouse model of 
Wilson’s disease provided additional evidence to support use 
of 64CuCl2 as a radiotracer for PET of altered copper metabolism 
in humans [18,19]. It remains to be determined whether PET/
CT using 64CuCl2 as a radiotracer (64CuCl2 –PET/CT) can be used 
for early diagnosis of prostate cancer. It is likely that 64CuCl2 
–PET/CT may be useful for detection of local recurrence and/
or metastasis of prostate cancer if it is found, in future studies, 
that most of recurrent or metastatic prostate cancer are copper 
hypermetabolic and has increased uptake of 64Cu in vivo. Based 
on recent findings that copper may promote invasion of prostate 
cancer cells [20], copper hypermetabolism holds potential as a 
prognostic imaging biomarker for prediction of metastasis in 
the patients diagnosed with prostate cancer. Copper chelators 
were tested for anti-copper therapy of prostate cancer with 
variable response [21,22]. Selection of patients with copper 
hypermetabolic prostate cancer by 64CuCl2-PET/CT may be 
helpful to improve efficacy of anti-copper cancer therapy and 
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realize personalized prostate cancer therapy targeting copper 
metabolism. 

CONCLUSION
Altered copper metabolism holds potential as a metabolic 

imaging biomarker in prostate cancer. 64CuCl2-PET/CT may 
be used for detection of recurrent and/or metastatic prostate 
cancer with increased copper uptake, and selection of patients 
with copper hypermetabolic tumors for personalized anti-copper 
therapy of prostate cancer. 

ACKNOWLEDGEMENTS 
This study was supported partially by Department of 

Radiology, Advanced Imaging Research Center, and the Harold 
C. Simmons Comprehensive Cancer Center, University of Texas 
Southwestern Medical Center, Dallas, Texas, USA. 

REFERENCES
1. Siegel R, Naishadham D, Jemal A. Cancer statistics 2012. CA Cancer J 

Clin. 2012; 62: 10-29. 

2. Schöder H, Larson SM. Positron emission tomography for prostate, 
bladder, and renal cancer. Semin Nucl Med. 2004; 34: 274-292.

3. Jana S, Blaufox MD. Nuclear medicine studies of the prostate, testes, 
and bladder. Semin Nucl Med. 2006; 36: 51-72.

4. Som P, Atkins HL, Bandoypadhyay D, Fowler JS, MacGregor RR, Matsui 
K, et al. A fluorinated glucose analog, 2-fluoro-2-deoxy-D-glucose (F-
18): nontoxic tracer for rapid tumor detection. J Nucl Med. 1980; 21: 
670-675.

5. Hara T, Kosaka N, Kishi H. PET imaging of prostate cancer using 
carbon-11-choline. J Nucl Med. 1998; 39: 990-995.

6. DeGrado TR, Coleman RE, Wang S, Baldwin SW, Orr MD, Robertson CN, 
et al. Synthesis and evaluation of 18F-labeled choline as an oncologic 
tracer for positron emission tomography: initial findings in prostate 
cancer. Cancer Res. 2001; 61: 110-117.

7. Hara T, Kosaka N, Kishi H. Development of (18)F-fluoroethylcholine 
for cancer imaging with PET: synthesis, biochemistry, and prostate 
cancer imaging. J Nucl Med. 2002; 43: 187-199.

8. Oyama N, Akino H, Kanamaru H, Suzuki Y, Muramoto S, Yonekura Y, 
et al. 11C-acetate PET imaging of prostate cancer. J Nucl Med. 2002; 
43: 181-186.

9. Sun H, Sloan A, Mangner TJ, Vaishampayan U, Muzik O, Collins JM, et 
al. Imaging DNA synthesis with [18F]FMAU and positron emission 
tomography in patients with cancer. Eur J Nucl Med Mol Imaging. 

2005; 32: 15-22.

10. Tóth G, Lengyel Z, Balkay L, Salah MA, Trón L, Tóth C. Detection of 
prostate cancer with 11C-methionine positron emission tomography. 
J Urol. 2005; 173: 66-69.

11. Berger MF, Lawrence MS, Demichelis F, Drier Y, Cibulskis K, Sivachenko 
AY, et al. The genomic complexity of primary human prostate cancer. 
Nature. 2011; 470: 214-220.

12. Boyd LK, Mao X, Lu YJ. The complexity of prostate cancer: genomic 
alterations and heterogeneity. Nat Rev Urol. 2012; 9: 652-664.

13. Wiederanders RE, Evans GW. The copper concentration of hyperplastic 
and cancerous prostates. Invest Urol. 1969; 6: 531-533.

14. Margalioth EJ, Schenker JG, Chevion M. Copper and zinc levels in 
normal and malignant tissues. Cancer. 1983; 52: 868-872.

15. Peng F, Lu X, Janisse J, Muzik O, Shields AF. PET of human prostate 
cancer xenografts in mice with increased uptake of 64CuCl2. J Nucl 
Med. 2006; 47: 1649-1652.

16. Bush JA, Mahoney JP, Markowitz H, Gubler CJ, Cartwright GA, Wintrobe 
MM. Studies on copper metabolism. XIV. Radioactive copper studies in 
normal subjects and in patients with hepatolenticular degeneration. J 
Clin Invest. 1955; 34: 1766-1778.

17. Osborn SB, Szaz KF, Walshe JM. Studies with radioactive copper (64Cu 
and 67Cu): abdominal scintiscans in patients with Wilson’s disease. Q 
J Med. 1969; 38: 467-474.

18. Peng F, Lutsenko S, Sun X, Muzik O. Positron emission tomography 
of copper metabolism in the Atp7b -/- knock-out mouse model of 
Wilson’s disease. Mol Imaging Biol. 2012; 14: 70-8. 

19. Peng F, Lutsenko S, Sun X, Muzik O. Imaging copper metabolism 
imbalance in Atp7b -/- knock-out mouse model of Wilson’s disease 
with PET-CT and orally administered 64CuCl2 , Mol Imaging Biol. 
2012; 14(5): 600-7. 

20. Parr-Sturgess CA, Tinker CL, Hart CA, Brown MD, Clarke NW, Parkin 
ET. Copper modulates zinc metalloproteinase-dependent ectodomain 
shedding of key signaling and adhesion proteins and promotes the 
invasion of prostate cancer epithelial cells. Mol Cancer Res. 2012; 10: 
1282-1293.

21. Brewer GJ, Dick RD, Grover DK, LeClaire V, Tseng M, Wicha M, et 
al. Treatment of metastatic cancer with tetrathiomolybdate, an 
anticopper, antiangiogenic agent: Phase I study. Clin Cancer Res. 
2000; 6: 1-10.

22. Henry NL, Dunn R, Merjaver S, Pan Q, Pienta KJ, Brewer G, et al. 
Phase II trial of copper depletion with tetrathiomolybdate as an 
antiangiogenesis strategy in patients with hormone-refractory 
prostate cancer. Oncology. 2006; 71: 168-175.

http://onlinelibrary.wiley.com/doi/10.3322/caac.20138/full
http://onlinelibrary.wiley.com/doi/10.3322/caac.20138/full
http://www.ncbi.nlm.nih.gov/pubmed/15493005
http://www.ncbi.nlm.nih.gov/pubmed/15493005
http://www.ncbi.nlm.nih.gov/pubmed/16356796
http://www.ncbi.nlm.nih.gov/pubmed/16356796
http://www.ncbi.nlm.nih.gov/pubmed/7391842
http://www.ncbi.nlm.nih.gov/pubmed/7391842
http://www.ncbi.nlm.nih.gov/pubmed/7391842
http://www.ncbi.nlm.nih.gov/pubmed/7391842
http://www.ncbi.nlm.nih.gov/pubmed/9627331
http://www.ncbi.nlm.nih.gov/pubmed/9627331
http://www.ncbi.nlm.nih.gov/pubmed/11196147
http://www.ncbi.nlm.nih.gov/pubmed/11196147
http://www.ncbi.nlm.nih.gov/pubmed/11196147
http://www.ncbi.nlm.nih.gov/pubmed/11196147
http://www.ncbi.nlm.nih.gov/pubmed/11850483
http://www.ncbi.nlm.nih.gov/pubmed/11850483
http://www.ncbi.nlm.nih.gov/pubmed/11850483
http://www.ncbi.nlm.nih.gov/pubmed/11850482
http://www.ncbi.nlm.nih.gov/pubmed/11850482
http://www.ncbi.nlm.nih.gov/pubmed/11850482
http://www.ncbi.nlm.nih.gov/pubmed/15586282
http://www.ncbi.nlm.nih.gov/pubmed/15586282
http://www.ncbi.nlm.nih.gov/pubmed/15586282
http://www.ncbi.nlm.nih.gov/pubmed/15586282
http://www.ncbi.nlm.nih.gov/pubmed/15592030
http://www.ncbi.nlm.nih.gov/pubmed/15592030
http://www.ncbi.nlm.nih.gov/pubmed/15592030
http://www.ncbi.nlm.nih.gov/pubmed/21307934
http://www.ncbi.nlm.nih.gov/pubmed/21307934
http://www.ncbi.nlm.nih.gov/pubmed/21307934
http://www.ncbi.nlm.nih.gov/pubmed/23132303
http://www.ncbi.nlm.nih.gov/pubmed/23132303
http://www.ncbi.nlm.nih.gov/pubmed/4180465
http://www.ncbi.nlm.nih.gov/pubmed/4180465
http://www.ncbi.nlm.nih.gov/pubmed/6871828
http://www.ncbi.nlm.nih.gov/pubmed/6871828
http://www.ncbi.nlm.nih.gov/pubmed/17015901
http://www.ncbi.nlm.nih.gov/pubmed/17015901
http://www.ncbi.nlm.nih.gov/pubmed/17015901
http://www.ncbi.nlm.nih.gov/pubmed/13271562
http://www.ncbi.nlm.nih.gov/pubmed/13271562
http://www.ncbi.nlm.nih.gov/pubmed/13271562
http://www.ncbi.nlm.nih.gov/pubmed/13271562
http://www.ncbi.nlm.nih.gov/pubmed/5355538
http://www.ncbi.nlm.nih.gov/pubmed/5355538
http://www.ncbi.nlm.nih.gov/pubmed/5355538
http://www.ncbi.nlm.nih.gov/pubmed/22936788
http://www.ncbi.nlm.nih.gov/pubmed/22936788
http://www.ncbi.nlm.nih.gov/pubmed/22936788
http://www.ncbi.nlm.nih.gov/pubmed/22936788
http://www.ncbi.nlm.nih.gov/pubmed/22936788
http://www.ncbi.nlm.nih.gov/pubmed/10656425
http://www.ncbi.nlm.nih.gov/pubmed/10656425
http://www.ncbi.nlm.nih.gov/pubmed/10656425
http://www.ncbi.nlm.nih.gov/pubmed/10656425
http://www.ncbi.nlm.nih.gov/pubmed/17641535
http://www.ncbi.nlm.nih.gov/pubmed/17641535
http://www.ncbi.nlm.nih.gov/pubmed/17641535
http://www.ncbi.nlm.nih.gov/pubmed/17641535

	Positron Emission Tomography of Altered Copper Metabolism for Metabolic Imaging and Personalized The
	Editorial
	Conclusion
	Acknowledgements
	References

