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Fig. 1 Constant Ca concentration in blood balanced with those in bone and cell (cytosol). When Ca deficiency takes
place, Ca is drawn from bone to keep [Ca] constant in blood, accompanied with increasing [ Ca] in cytosol even
in a Ca shortage. This phenomenon is named ‘‘Ca paradox’’.
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Fig. 2 System for the Ca metabolism to keep [Ca] constant in blood (serum).
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Fig. 3 Comparison of fluorescent X-ray spectra for hair root and
serum taken simultaneously from a healthy donor. The spec-
trum for serum is superimposed on that for hair by sliding
vertically.
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Fig. 4 Calcium concentrations of hair roots and serum normalized by Eq. (1) to be 10 for the case of Ca enough. (a)
Comparison of hair root and serum. (b) [Ca] in hair roots for 37 donors including osteoporosis & HCC ‘““OH’’
and HCC ““H1”’ to ““H11”’ patients. Five of them from N1 to N5 took a Ca supplement ‘“3ACa’’ for 10 days, and
the data before and after the taking period are indicated as N1-1 and N1-2, respectively, and so on. N1-2, N1-3
and N1-4 were measured with an equal interval of 6 months. For N12, N22, H4 and H11, [ Ca]~0 due to the final
period of hair life. The very high peak for H6 may be due to hypercalcemia by PTHrP from the cancer.
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Fig. 5 Copper concentrations of hair roots and serum normalized by Eq. (1) to be 10 for the healthy standard. (a)
Comparison of hair (root) and serum. (b) [Cu] in hair roots for the 37 donors including osteoporosis & HCC
‘““OH”’ and HCC ““H1”’ to ““H11”’ patients. The size of cancer in mm: OH 40, H1 30, H2 30x20 & 25, H3 12, H4
40, HS 12 & 12, H6 35, H7 35, H8 30, H9 15, H10 36, H11 10 & 15.
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Fig. 6 Iron concentrations of hair roots and serum normalized to be 10 for the healthy standard. (a) Comparison of hair
(root) and serum. [Fe] in serum varies to some extent among the donors and is known to vary in a daily circle;
high in the morning and low in the evening. (b) [Fe] in hair roots for the 37 donors.
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Fig. 8 Calcium concentrations in hair from breast-cancer patients.
(a) [Ca] of hair roots for 17 patients, including 7 patients

BS1 to BS7 with bone metastasis. The samples BP1 to BP10

are for primary cancer; most of them were taken simultane-

ously with discovery of cancer. All the hair roots have the

normal values of [Ca]. (b) Variations in [ Ca] from the root
to tip observed for dye-free hair.
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Abstract Trace elements in a 0.2-mm-long part of a single hair can be analyzed using synchrotron radia-
tion. We found that calcium concentration in hair is universally constant like our temperature and pulse rate for
a healthy case, because calcium is so important as to play the messenger in the universal cellular signal trans-
mission. Since calcified lesions are detected in an early stage of breast cancer by X-ray mammography, one
may expect a disorder of the calcium metabolism for the patients. Since hair grows with a rate of about 1 cm
per month, the analysis from root to tip of single hair samples taken from 10 breast-cancer patients showed
that a characteristic calcium abnormality began in all the hair 8 to 12 months before finding the cancer. Most
of cancer originates from a genetic source, but cannot sprout without a disorder of the signal transmission
among cells. Prediction and prevention of breast cancer may be possible with the hair analysis.
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