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In a double-blind study, James et a
(1) reported consistent distinctive
changes in the x-ray diffraction pattern
of pubic hair from all eight patients with
breast cancer compared with those
pubic hair from four healthy women
Results obtained from samples of sca
hair were almost as clear-cut; all 15 ¢
the patients with breast cancer but on
three (19%) of 16 of the healthy wome

showed an aberrant finding. Samples

from women with a hereditary predispa
sition for breast cancer because they c
ried a BRCA1 gene mutation als
showed either a full or a partial aberra
x-ray pattern(2). The aberrant finding
was described as a superimposed ri
corresponding to a molecular spacing
around 4.44 nm, probably arising fron
randomly orientated lipid bilayers of the

plasma membrane of the hair cells. Thetected at a distance of 65 cm from the(1). The SAXS spectrum was isotrop

x-ray diffraction studies were performe
with synchrotron radiation according t
previously published protocol§3-5).

James et al(1) proposed the use of x
ray diffraction analysis of pubic hair as
reliable method to screen for the pre
ence of or increased risk for breast ca
cer. However, a repetition of this stud
by Briki et al. (6) using scalp hair re-
vealed conflicting results. The diffrac
tion ring around 4.44 nm that James

al. reported as specific for patients with screened for BRCA1 and BRCA2 muta- GmbH, Graz, Austria, and Erich-Schmid-Institu

breast cancer was observed in all ]
samples from healthy control womer
but it was observed in only eight of 1
samples from patients with breast ca
cer. Other groupg7-9) have also re-
ported results that conflict with those o
James et al(1).

Routine investigation of hair speci
mens by synchrotron radiation woul

Fig. 1. Left—typical
small-angle x-ray scatter-
ing spectrum of samples
from a patient with breast
cancer.Top: scalp hair.
Bottom: pubic hair. Ten-
nanometer diffuse maxima
at smaller angles were seen
in both hair typesdrrows
1), but the 4.44-nm ring
was present only in scalp
hair (arrows 2). Right—
intensity distribution along
the vertical axis showing
the two maxima (arbitrary
units).
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available only at specialized center
We, therefore, decided to repeat the i
estigations with a recently develop
small-angle x-ray scattering (SAXS
Ipsystem(lO) (Nanostar System; Bruke
fAXS GmbH, Karlsruhe, Germany). Th
| SAXS system offers high reliability an
Yfast measuring time without the requir

?ment for synchrotron radiation. It con

S

o

"sists of an ordinary sealed-tube x-r
" generator powering a standard fin
Mocus Cu tube. The collimation syste
0 a pair of cross-coupled multilayer mi
rors (Goebel mirrors), produces a nea
perfect parallel beam. Measurements
NSone in the laboratory by a high
Ofresolution SAXS camera with a pinhol
N system. Samples are measured in tra
® mission, and the scattering signal is d

d specimen by a high-sensitivity, two
D dimensional area detector.

We obtained samples of scalp al
pubic hairs from nine breast cancer p
atients and from eight healthy con
s-trol women after they gave written in
nformed consent. The research proto
y was approved by the Human Subje

- sity of Heidelberg, Germany. Two o
etthe breast cancer patients, previou

| Otions, showed the common BRCA1 m
1, tation 5382insC, which is associat

n-of about 10 hairs were tied and fixed i
a parallel manner as tightly as possi

f and then subjected to a monochroma
Cu-K, (i.e., copper-potassium) radia-

- tion beam for 30 000 seconds. Silver b

be difficult because the apparatus
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isdard in SAXS, was used to accurate
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D with hereditary breast cancer. Bundles

d henate, a typically used calibration stan-

.determine the sample-to-detector d
stance, which is needed for determinati
dof the exact reciprocal spacing (peak p
) sition in nanometers).
Fig. 1 shows typical measured SAX
spectra from scalp and pubic hairs.
agreement with previous investigatio
- (1,6-9)with synchrotron radiation, twg
- maxima were generally found, one at !
ynm and the other at 4.44 nm (Fig.
-labeled 1 and 2). Both sample type

isotropy in the scattering signal at th
ly10-nm maximum. Evaluation of the az
renuthal distribution indicated that the in
tensity of all observed rings at 4.44 n
was also quite oriented, thus formin
ssharp maxima rather than the “diffus
+ing” pattern described by James et

- in only the following two cases: 1) on
pubic hair sample from a patient wit
dbreast cancer who also carried t

-BRCA1 mutation and 2) one scalp hai

- sample from a healthy subject showing
very diffuse scattering signal at lowe

olngles (but no maximum at 4.44 nm).
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Table 1.Results of small-angle x-ray scattering in our patients compared with those of
James et al(1)

James et al(1)

Present study

Breast Sample No. with ring at Sample No. with ring at
cancer Hair No. 4.44 nm (%) No. 4.44 nm (%)
Yes Pubic 8 8 (100) 9 0(0)

No Pubic 4 0(0) 7 1(14)
Yes Scalp 15 15 (100) 9 5 (56)
No Scalp 16 3(19) 7 2 (29)

This change is not visible in the pubic
hair sample of the second affected pa-
tient with a BRCA1 mutation.

Our results for the 4.44-nm maxir
mum and a comparison with the results
obtained by James et 4l.) are shown in
Table 1. The most striking differenc
was the lack of 4.44-nm diffracting ring
in pubic hair samples in our populatio
of patients compared with the 100% r¢
ported by James et gl1). Furthermore,
there was no statistically significant dif-
ference between our groups of breast

> N0
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cancer patients and control women (8) Schroer K, Abumrad N, Derisi D, Kastrow

for scalp or pubic hair, in contrast to
the results of James et 4dll). Rather,
our results mirror those of other group
(6-9).

In conclusion, standard SAXS using
the Nanostar System is a suitable
n
r

(2]

method for characterization of huma
hair diffraction patterns. However, ou
results did not indicate specific differ:
ences in the x-ray diffraction patterns ¢
scalp or pubic hair samples from healthy

=+

mediate filament structure of human hait.

Biochim Biophys Acta 1995;1245:392-6.

(5) James VJ, Yue DK, McLennan SV. Change

in the molecular structure of hair in insulin
dependent diabetes. Biochem Biophys R
Commun 1997;233:76-80.

(6) Briki F, Busson B, Salicru B, Esteve F
Doucet J. Breast-cancer diagnosis using h
[letter]. Nature 1999;400:226.

(7) Amenitsch H, Rappolt M, Laggner P, Bern-
storff S, Moslinger R, Fleischmann E, et al.

Synchrotron X-ray study at Trieste: no co
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relation between breast cancer and hair struc-

ture. Synchrotron Radiat News 1999;12:

32-4.

K, Busch E, Volkow N, et al. Attempts to

replicate the claim of James at NSLS beam
line X12B. Synchrotron Radiat News 1999;

12:34-6.

(9) Chu B, Fang D, Hsiao BS. Hair test results
the advanced polymers beamline (X27C)
the NSLS. Synchrotron Radiat News 199
12:36.

materials. J Appl Cryst 1997;30:765-9.

women and from women with breast NOTE

cancer. Although the number of patients
was small, there were no obvious differ-
ences to substantiate the findings re
ported previously by James et dlL).
Thus, in agreement with other studies of
synchrotron radiation(6-9), the pres-
ence of the 4.44-nm maximum in the
x-ray diffraction pattern is not an indi-
cation of either the presence of breast
cancer or the susceptibility to breas
cancer.
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