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Bl OVETRI C DI AGNOSI S TECHNI CAL FI ELD The invention
descri bed herein relates generally to a bionetric

wale@gnsxse c net hod hi particul ar, the inventi oPCT/aU2008/000005

directed to the use of skin or nails to detect

neopl asti ¢ or neurol ogi cal di sor ders, although the
scor3e of the invention is not necessarily limted

t hereto. BACKGROUND ART There is at present no
conpletely reliable, non-invasive test for

neur ol ogi cal and neoBIPMEETRICIMALNOSIHNi | st specific
changes in the diffraction patterns of hair have been

establ i shed for breast apdUsoCan KENLers and
Al zhei ner's di sease (WD 00/34774), this test has

COPl 58 iy or] ESUIANRAGh UUEORURKI, A fiohBRLHERb o method.

I perE AL alid BvehitrolsaliresRd us ithy ust 6@¥kin @k A’y tdAlletect neoplastic or
airports or in the post. In addition, many neoplastic_ . .
astolasigrblisgdees. athawshy thesscabe wétthe dueatign d 294 diepsgsarily limited
{hlgfeetéjltrastructure of hair, and therefore this test is

very limted, for exanple prostate cancer and

mel anoma, even at Grade 7, do not show any changes in

the structure of hair. BrHeFERGEDAMRTe woul d be an
advantage if it were possible to provide an

al t er Taére\i€ at potent @b doBipetel reliwddes noariavdsivensstvibi adurological and
overcone at__| east saone, of the_above-nentioned

may OVer ( . ] }

Beopkaslie Atsarsiess: oW hiploppeidc shangss 1 the diifigriaes patigrns of hair have been
i Y, he. | ' :
L
hot adnhplications reselsing drope tcosnedticaldie treatstents siehals dysel bhek-combing

ossi bl e | owcost mass,screeni,ng fa ur ol ggi cal . o
Ao YrBdTshRg A1d: BY Jrandh € iGR VeI SraKt SIS % girports o in
IRREL Bl adMiiiS) nA rR6pAR VRS iR Brodd it £ WRoeldrPERhbtQABse a change in
whi'ch sanples do not deteriorate wth correct storage.

thie wtrpstrusture e duinmand therplerg Hiredest an verolindied, Eorraxemply prostate
of detecting neapl asti eur, i.cal. di [ .
Sl LR AL RSP Rl SRR eBP e S hud ornae
material of the subject to fibre X-ray diffraction, )

and déheefaragthermmgadd ibe amcadyprtpge tif ubtwiere Rfissiblfeto provide an

alternative test for many of these conditions which may overcome at least some of the

above-mentioned disadvantages or provide a useful or commercial choice.
SUMMARY OF THE INVENTION

The invention describes a test which provides early, low cost, totally non-invasive
yet reliable tests, which could possibly be low-cost mass screening for neurological and
neoplastic disorders, using samples of biological material which can be harvested at

remote locations, which samples do not deteriorate with correct storage.

In a first embodiment, the invention provides a method of detecting neoplastic or
neurological disorders in a subject, the method comprising exposing biological material
of the subject to fibre X-ray diffraction, and detecting changes in the ultrastructure of the

biological material, wherein the biological material is a skin or nail sample, and wherein



10

15

20

25

bi ol ogi cal material, wherein the biological materi al
is a skin or nail sanple, and wherei nwhen the

whr@Bogi4s@l material is a skin sanple, the neopCEHAURW®S/000005

di sorder is not BRCAlrel ated breast cancer. In a
second enbodi nent, the invention provides an
i nstrunment when used in the 4@thod of the first
enbodi ment, the instrunment conprising: an X-ray source
produci ng a beam of X-radi ation; a sanple stage for
wheSithd BRAEcd NRaBi Q! 9% 8h SAPR ehdMhbdHIgtt BR8N -
det ect or (%’g? de‘%l ect ilng scatst eg}yng ég?l ({Hhe 1X— rsay%enﬂgr%?)t BRCAL
redaied breditsphaey. means associated with the detector for
di spl ayi ng the output of the detector, whereby
di ffpg tsé&%d@ﬁﬂo%‘irﬁ@n\;ﬁheri%&ﬁ%g PRIt ar?fn@trgﬂnéﬁljﬁﬂé%dused in the

for interpretation. h regard'to the first an .

mstodmd therbist embndisncat thieinstmed entlrougprisinge an ey source producing a
bi ol agi.cal. material .is . a skin sanple,. the neoplastic ...

g oF kTRt SHgPIE Ll et PRAPCHE 406 Fo BB AR Guilp et the

bé&dn@ngeddidtid borulidteplor statieli®y OF thbeX SaMMbedm; The 4l means
is particularly accurate for detecting the presence o

agspeigted tvathctha dlefecton dorrdispimong therpudpus i ftlecd etedien, mdereby diffraction
' . { i Ql0gi terial is a nail
P % %ﬁ:”}-@%&kee or’il\e/%lg Bescplgpcl%;c?g sfgl% ger?ﬂ)rggaﬁioﬁ.e any di sorder

whi ch _causes a neasurabl e change in the ultrastructure
of t Mathszgsrde to thee first tand Serendoambodipients| 35 definedathove.owhen the
[ r fabr n c sl .

SRS e 15: 8188010 195k AR AL UG Bt v
cameed mehsurablachnaigh irs thepilteastrubterasflthe bagple.al hensihod & particularly

can be any di sgrder which causes a neasurabl e change )
G P o HBE FFEECD T PIREfaleRpPes ang aelpRaprbi 4 wibject, using a
Slgﬁlggﬂlﬁé! arly accurate for detecting the presence of

Al zhel ner's di sease in a subject. The skin and nail

acticabl e neans.

sanmpl.es can. be obtai ned by any pr :

P o A1 bIRTREIE iy S Pal sBlco b aienBliot et fw be any
diRBlaBP i@ daBks ath%QﬁxgaHléT‘Eﬁ%%}t 8l thel BlRKLRLRMICAE sample. The

saline and stored at -200C until required. The sarrpﬁ ed
methedbeparborady acwirath éorslebsting dteqyesenpe afiyrepstand icclablcencers in a
sinner. Preaf.lerabll the skin sanples are nounted using

S ELEATPAKEE T o the si des, stretched slightly to

renove the crinp, in cells specially \
When the biological material is a nail sample, the neurological disorder can be any

disorder which causes a measurable change in the ultrastructure of the sample. The
method is particularly accurate for detecting the presence of Alzheimer’s disease in a

subject.

The skin and nail samples can be obtained by any practicable means. Preferably
skin biopsy samples are obtained by routine methods and are placed immediafely in
pathological saline and stored at -20°C until required. The samples can be mounted to the
sample stage in any practicable manner. Preferably the skin samples are mounted using
sutures attached to the sides, stretched slightly to remove the crimp, in cells specially
designed to maintain 100% humidity. An analysis of the resulting films enables the

presence of prostate cancer or melanoma to be determined.
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designed to maintain 100% hum dity. An analysis of the
resulting filnms enables the presence of prostate

W@ 2008083480 nel anoma to be det erm ned. Pref er abl BCTI1ADU2008/000005

sanpl es are cut fromnail clippings. The sanple size
is preferably about | nmsquare to enable the X-ray
beamto fit entirely within the sanple. Preferably,
the nail sanples have m ninal curvature over the

| ength. The sanpl es can then be nounted on the ends of

m cr @refbribBsnansngi@osedut ﬁroﬂ‘ni sl olipbtrpy STk éﬁmlﬁy size dpreferably
of sufficient intensit such as_thagse frrglmf xed
ab%émm SHBTE ¢Q SnapknBE aarysbeanb@aftt. HETAn Yoy wReraplsy Sreferably,

119%'&&}“ QL5 O iSO E8S e iR M ShSnof the resul ting

J'és the presence of the p thol ogi cal states
to be det erm ned. Th% X-ray source used_ in the
&

i nventhieoRmplgs @ tgm FBewled ap éhyep%o%we@bukgatand exposed to
gf &by era‘ 1ioe:ﬂfl Pgﬁfﬂ%gp Erﬁ@%‘f%ag&h)%srtﬂx%r fg&r)nﬁahﬁ)[bd tube, fine-

ener gy ra ge o tion
fegmcgme:tamm retating-@sodesganetdtors and e;zlnd}mtrdrha;cmrwsr lAibanalysis of the

5B, L 2 anede Bsner el orse &1 A0

appr opriately |l onger exposure tinmes. The X-ray
di f f rictXaay seurer efedrinltheg invantiorechnols an;sappgopa'iate X-ray source, but

rorratlc X-ra urce facility such as a |
B He S s ueRriae amssipitEe afed srdegodn 30 kev.
ffﬂﬁt%yﬁoﬂis kYfidRR o Boudbs X T 11 WA g69tHs beswesn AdRGon from
and 20 nm” An incident flux at the specinen of

ra‘;apngxan@dt eopeidrorndpfine dasussed ey sawrcpe cgerddsmbedused with

hot on Fact storage ring is operated at 25
3@8&?%@{1@@ NP Prﬁ% ‘of 145 mA. The X-ray patterns

can be recorded on Fuji BAS Il | maging.pl ates.
ExposTheeXtﬁaryredlffmcuph ds gipisrabbimstieied can w@%ﬁympnwomatm X-ray

PR SRS U TR Ao BB Pr e pLis, o

fb@j‘/ arsuliib Stk hn R-roneavdlatztiabetivieen Addaind @2 (Phat An incident flux
Source (APS), Argonne USA the exposure tine Es r educg
qt dha sperimen ©f anaroEwpeisiyr 840 nBhYJANY P psnErTybR eFRTREd When the

ot J{ F&?gxg/%gﬁg%grb Qyoggﬁﬂﬁ A0 G/ Syitty P b@ﬁh |c¥1r31§ of 145 mA. The

to imagi ng plate distances
X-any pateamsycapbacedocdddl a EhJBBASdH Int;ngmgapwespr ef erably
200mm to 3000mm 1000mm i s conmon on Bi oCAT, APS,

Soomﬁ)ﬁﬁ‘)sure time for the skin samples can be any time long enough to obtain
meaningful results, but is preferably between 20s and 5 minutes. At 3 generation
synchrotrons such as the Advanced Photon Source (APS), Argonne USA the exposure
time is reduced to 1 to 10 s. An exposure time on rotating generators and fine focused X-

ray generators is typically 15 minutes to 24 hours.

Sample to imaging plate distances can ‘be any practicable distance, but are
preferably 200mm to 3000mm. 1000mm is common on BioCAT, APS, 800mm on
ChemMatCARS(APS), 400mm on BLI5A (Photon Factory) and 200mm on rotating

anodes.
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Chenmvat CARS( APS), 400mm on BLI 5A (Photon Factory) and

200mm on rotating anodes. Background renoval can be
w@edsmesase by use of standard packages such as FCTRD2008/000005

MATHEVATI CA and | RAFSAO. The neridi onal data can be

anal yzed using a Bragg anal ysis; the equatorial data

can be anal yzed usi ng appropridat e Bessel Functions. In

order that the invention nay be nore readily

understood and put into practice, one or nore

pr ef eBikgreimdeethoRNcan b BIRSTed Wyl se BOWa R rd ﬁﬁ&&g@@ﬁmh as FIT2D,
erence to the

by way of exanple onl Wth ref

MMIQ@ ¥ \OgHiterm g om] Riptaoxndre Fidiyzed using a Bragg
' . j (& representati of ..t he

SRONNGS FLAUR, Gl SnbeRRIRIR L nd GG ER Bt eyt

schemati ¢ representation of sanple nounting

ar r angearder tat the dayeation may de mxoteggadilyf undsrstaagrandatut énto practice,
! . AR a
R EE SR Srbollme BRI AT HRNESS paterPl Tulth of examote

anlparittereferendehio ieastampargancatwidgsgure 5 is an X-ray
diffraction pattern obtained fromthe skin of a

tient with i ' ;
giaf :‘ Egct ;Mon pg?@?ﬁ%tﬁlgggﬁy?%ﬁmﬁ?g?ééﬁﬁ%%@al t hy

subject. Figure 7 is an X-ray diffraction pattern

obt aiffigeres f o 1 iehsmatic srepepation o thet K-aprmrlysls system of the
inb&lghed breast cancer. Figure 8 is an X-ray

alf raction pattern obtained fromthe nail of a

patient with colon cancer. Figure 9 is an X-ray
di f f riH8Eie S BAEREARICSBRIETHIAOR 6 FIrRe mainting prrangements.
patient with Al zhei mer's di sease. DETAI LED DESCRI PTI ON

OF PRERERREDaMBEDIAMENTTorFpdreen obhthined GohDdkik 6Ah&By subject.
sanpl es contai ning nunerous fibres which are arranged

in a; I - g I S dhe greater. the. :
U nbelj;@%% ég{saegfé g@ﬁ}/ gigfﬁrbagt{i@eéﬁtanﬁ Pe{%@ed frgln B §8hFr 2 pa%ent with
prostate cancer.

Figure 5 is an X-ray diffraction pattern obtained from the skin of a patient with

melanoma.
Figure 6 is an X-ray diffraction pattern obtained from nail of a healthy subject.

Figure 7 is an X-ray diffraction pattern obtained from the nail of a patient with
nonBRCA1-related breast cancer.

Figure 8 is an X-ray diffraction pattern obtained from the nail of a patient with

colon cancer.

Figure 9 is an X-ray diffraction pattern obtained from the nail of a patient with

Alzheimer’s disease.
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Fibre diffraction requires samples containing numerous fibres which are arranged
in a regular array of parallel planes. The greater the number of planes, the better will be

the final patterns obtained.
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the final patterns obtained. At the mcroscopic |evel,
skin is conprised of three layers. O these the derms

w0 2008k83480 ddl e | ayer and is al so the thickest BET/ALZ008/000005

three layers (1.5 to 4 mmthick), making up

approxi mately 90% of the thickness of the skin. The
dermis is held together by a-protein called coll agen
which is a tough, insoluble protein found throughout
t he connective tissues of the body. The | ower,

reti cad tae niasesop@f leb e siR gk sinprssel RiFeles 1388 RARsOthe dermis is
thick collagen fibres that are aligned parallel to the

Beprdtielayer adds slep the thidkesigf e thrrsdiycrotl. § fobt mm thick), making up
aﬂ_&%&ﬁr@&aﬁ?ﬁ"{o ’;16\? & ?[a ﬁ%ﬁésg%é ¢ IGP%%%r ) L%ggﬁlsfdlp ilgﬁqslg%tﬁaagyea protein

called) coktdden whichhie £ i@l $nsahbld PegeiasfoandahebughsltViB8 connective
is the part of the nail that

| ate.. The fr dge _nai | )

i ane ey (e Tov g iontor 158t o ylsermisie (hekar api awad of thick
- [ [ .t .he..f.

o A S SO BRI PR Ay Biny RuliBE Ll for e

dsifraceort.he basi c repeat distances in skin collagen

(65.2nm and keratin (46.7nm and 62.6nm) are very

| arg .G I | f1 tion angl es k

e e e O R

fromq) liivingdkirocedls hih evefispeeehldets SCAMLRI bi@ed PR, tihe free edge is the

However the fundanental structures of both coll agen

PAHPIKRT Bl thak siendenast de Brger 96 dog deriend tiiegnail plate. The a-keratin

I T tie r mpent |y reproduci bl : :
B, 8o RGeSk D Mokl SBITME y aiacion
vapkci fi c changes observed in skin collagen and in nail
keratin for neoplastic and neurol ogi cal disorders are
al so & : b d It ecifjcto the .

e SRR EA G Db 1998 LRBIEG Tt i i (467
aad &ly¥nim grd vénydargaonahelatogit ecdld end tirsdifftactioy @ngledhre reciprocal,
Sanples for,. analysis are prepared as_described bel ow

IQE ARelF & 195 difRAGf gy Sefreg e adhitsiceelicat sapitersps towlts. However the

. fiddagiehel Blructhrds m&thf&‘ﬂngzxg Q?CP lelaitiﬁgﬁa%g yRn Q%%rﬁm;eﬁij&sing this

x-rgé beam (1) is diffrac rom-t sanpl e
tgshnelogy.t hho wghemnh carevi amdoemt{y3yepodduaible \feow disegk 6 itighte and from

4 ng, exits.through .a w ndow.at the other e .
sBE e Shinp g SeseTie iy ot M it cof S¥pnda o keratin for
nédﬁﬁasﬂi@t@@tﬂdlﬁblgggélggdr@rs at 81s& @RI kbproduGBIRLBH fite specific to

within the sanp
the particular pathology.

Figure 1 depicts a system for analyzing fibres according to the present invention.

Samples for analysis are prepared as described below (Figure 2). Analysis of the
samples is as follows (Figure 1). A finely focussed collimated monochromatic x-ray beam
(1) is diffracted from the sample (2), and passes through the window (3) of an evacuated
flight tube (4), and exits through a window at the other end of the flight tube as diffracted
rays (5), to reach the detecting device (7). The beam (1) is centered within the sample (2)

and small enough to fit entirely within the sample.

. The direct beam is very strong and would damage the detector. The direct beam is
therefore intercepted by a beam-stop (6), which allows the much weaker diffracted beam

to reach and be focussed at the imaging plate or detector (7). The path between the sample
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and small enough to fit entirely within the sanple.

The direct beamis very strong and woul d danage t he
wa@leienss0 The direct beamis therefore intercepl/au2iv§/000005

a beamstop (6), which allows the nuch weaker

diffracted beamto reach and be focussed at the

i magi ng plate or detector (7)6-The path between the

sanpl e(2) and the detecting device (imge plate) (7)

is evacuated to prevent loss of intensity by scatter

r ima R ' ' kd BreRbmti8ss(obintensity b
(%iagtm g%%g%t@%tr asf‘ctrjeglsnérl begﬁgé)ﬁ&%gﬁ%{ﬁ?ﬁ- rgy plzttlt6 Sefrczfs e
sdaBr from theetoradplieron both Fuji Basil! | maging pl ates

and al so on el ectronic detectors. Exposure tine for

the gki i i i pRNEestibsaapb®. and

beamgFﬁnﬁlequgng\%%rg?%’sﬂl??g‘{snméﬁiré%gnds to 20 m nutes.

Backgroynd renoval is achi eved.b seof e two

ot 1 e eR B Rreeatir SAo HT BRI B ey Riates gpd also on
e%k QeREtofs. ERRBERE kRN khdWIh AR Btthallr REHIEFlepErds on sample

he neridional data is analyzed using a Bragg

andh beansiliag baindrieh &oanl secondsdlio 20anmutesal yzed usi ng

appropri ate Bessel Functions. Sanples are prepared in

the fOLkOWIHOrPRIVAEE aCHibOM 1§ Woe- of WO RdEBmYIpaBIGses IRAF and
sanpl es of skin are attached by sutures an
AR OO L R G p
S chi vl wsingh orraicamyination @ Pt gnd Process .
hr oughout .exposure t.0 the X-ray X I .
e GRTATY (B8 S B THO S hi el oo BiRe cotpr e analyzed

udihg afPRopHatiFedel ufctiodb. from nail clippings and
nounted on the ends of mcrotubules (12). These

m-crt ubul es are then.fid A ' on a

gr 0o @Hlpg?se?feel?reﬁ‘?{gd ilrhglgrﬁ?lgq?‘ylﬁg? aﬂg%%?%uﬁé; “‘normal skin

and nails of all post-partum persons so exam ned

yi el deeplbpunch heanisy samplse af slgn €9)are pEached iy seiires(l Vb and mounted

SRR L 08 RS AT RO 50 B

is given in Figure 3 and that for nornmal nails is . |

gi verSnail ‘quwaﬂgteé seqtipms pf ety 6hdl (prexigaiely &2 tpgdp ysize) are cut
ris I t | i cal i in .

T 36 cHRATH S0 Byl ARD I LRl Fhbber20 ik, micouuts

dfethics Brmay ik gepiecd en ofrobeedplate. in the nails, the

sanpl es being nounted in the I onger direction of the

beampThe SAUALRT ffhd BRE hBERa (R hiPRAiR If 41Ppb&Phaftum persons so

examined yielded distinctive repeatable patterns which varied only slightly over the age
range from 3 months to 80 years. A typical synchrotron pattern for normal skin is given
in Figure 3 and that for normal nails is given in Figure 6. The meridional pattern
(vertical) arises from repeat collagen helical lattice in the direction of stretch of the skin
sample or from the helical arrangements of keratin in the nails, the samples being
mounted in the longer direction of the beam. The equatorial pattern (horizontal) reflects
the cylindrical packing arrangement of the intermediate filaments perpendicular to the

beam.
Further sets of samples included:

-1) Skin biopsies from:
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the cylindrical packing arrangenent of the

internmedi ate filanments perpendicular to the beam
wo-eoslgx3set s of sanples included: - 1) Skin bPCPAU2®S/000005
from(a) patients known to have prostate cancer.

Speci fic change observed for diffraction patterns (13)
fromall such patients is show in Figure 4. (b)

patients known to have nel anona. Specific change

observed for diffraction patterns fromall such

atients_|i [N, Fi 2) Fin and t.oenai l,s

fp r om%b( a)pb%%n?? wghkﬁo%w% g)r?i%a\l}% 5P 8%Igte§ e 31n%%e?}.lange observed for
df¥pactidr satehan@s) bhaallsach patentiib tlicdwat indFigpata erns (14)

fromall such patients is shown in Figure 7. (D)

obs oot Bnp e A8 i BlRP R B0cif REfle: fef 1T 6 aifaction

ppidrnefibs diBsush @wiienitdissh@wi én Bigufec). patients known to
have Al zhei ner's di sease. Specific change observed for

2?inlsi,fgi§é}catnidq§§ng%§8féﬂs fromall such patients is shown

gure anges observed manifested in

sanpl es taken fromthe rel evant groups of patients. ) _
For (&tnadisnts kipw iope breest career Spspidicrprgsorhgervié for diffraction

| I f diff t
B LRl o R AR Pt orm for skin

col I agen., Based on the accepted D spacing for wet skin '
of 66‘%21@5%%%@9% to Bpyg plan spceT- npesitictohangsgriiserveh &9t diffraction

pgﬂrt]ﬁﬂifrggl %ﬁﬁ?}é?%@s iis§héwg§gm%§{gg_for prostate cancer

anona. r~patients with breast
cancer. and coﬁ)n cancer the rel evant changes consi sted

of ri(RgRtERsHRREY %ga\fﬁ AlEeERE s disersenpBes@c shanggeobserved for
FRLO@n PAEER Ok M s ﬂa&ieﬁégse%o% ih 'F?%ﬁg gept ed

a-keratin D spacing of 46.7 nm obtained fromthe 9

1st der of this lattice and using the fjrst order
onl y%ﬁ hpRees PSTAFA MBRITEC ith PR S tken fqny dhes prdgviap sroups of

Shertd eF@AehfehQRA PloBgR daRc&SRld MORGSNA hetelbttht isted
pf oer br east 1cancer %r?d 4. 5213?1m Tor cgllqon cgncer a%ggl?%'rs consiste

oArinige jofediffereni diensteranupdiipdsehal tbgquatmeal pittecoer sifin collagen.
ﬁagctde o ﬁlteyaccepted D-spacing for wet skin of 65.2+0.5nm, the relative spacing of the
additional rings in real space is 4.72+0.05nm for prostate cancer and 4.08 nm for

melanoma.

For patients with breast cancer and colon cancer the relevant changes consisted of
rings of different diameters superimposed on the normal pattern for nail. Based on the
accepted a-keratin D-spacing of 46.7+0.3nm, obtained from the 91% order of this lattice
and using the first order only of the relevant extra ring, the relative spacing of the
additional rings in real space is 4.71%0.05nm for breast cancer and 4.53nm for colon
cancer and for Alzheimer’s disease an additional equatorial cone of intensity

superimposed on the normal keratin pattern for nail.

Although the number of samples investigated thus far is in total over 250, the
reproducibility of the results is good. The flexibility of this technique and the fact that,

when using synchrotron sources, each sample takes only seconds to measure and only
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superinposed on the normal keratin pattern for nail.
Al t hough the nunber of sanples investigated thus far

WO 20080081484 al over 250, the reproducibility of PEEAU2008/000005

results is good. The flexibility of this technique and

the fact that, when using synchrotron sources, each

sanpl e takes only seconds to-B8easure and onlym nutes

to interpret, makes it an attractive tool for rapid

and accurate diagnosis of neoplastic and neurol ogi cal

fHhaRE 46 ite \%‘Brret Slﬂ%sdltb& ghiS&tivel Rl hheapRd @%@Ndccurate diagnosis of
I'nvent 1 on d wide applicability in the nedical
mnpllasm:tzmdlmarqtogwéldwrdmrtl cularly in the area

devoted to detecting the propensity of a subject to

neopliashdifiq %dcléh?uthﬁ’ﬂ 881 frddentinSAEGT Sill ifi@l WilieNgpplicability in the

- prostate cancer, col on cancer, nelanoma, breast cancer

msticallant eEternary fhlds pariculins it theegga deyotarbiociotasting the propensity
illustrative o of ,the an ofth i NV

o PR g anbirs Bt Rt ReiEaL iphfing MM Bhncer, colon
c@ﬁ@éﬂrmElQn(t)IHQSﬁe@kbiﬂc&daﬂd%lhﬂﬁnﬁf 3 dls'é'ﬁb% [ nvent ion is

capab e of belng practiced and carrled out in various

ways @{m i n_ot her

(ntier GRGBtFEP R T gl ol S b TS a st &f g juvention,

& aHBIP AR RatiORSHId fHah R \ﬂﬂmdreédeka@buB@d tHoge kkiiad Geche art. The

as limting. The term "conprise" and variants of the

1tne¢rmogue reapable b hsings peretiend andopgiFipd joNlin HeEous g@ys and in other
% nergtgJ l??sn s BD l?e uﬁc{%ﬂt&ﬁi’ t’ﬁgtl tﬂé t&nﬁﬁ(ﬂ&?}ﬁ e['ano @ﬁeﬁfn is for the
R it eger's e any other "I nteger

[p@8 Y f atdeeiptiom tiedstion]d nn be sspatrdedtas dintting.ext or usage

an exclusive interpretation of the termis required.

Any r € bigcati | | Such

specifl{ ca L{ﬁgn cltgnpgfgtg a%ﬂa mﬁéglgo%pﬁ %tnte%lﬂe di scalsosfjornépsnses o
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energi es between 5 and 25 keV and wavel engt hs between
0.06 and 0.20 nm 3. The nethod of claim2, wherein
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met hod of any one of clains 1 to 3, wherein the

bi ol ogi cal material is a skin sanple and the

neopl asti c disorder is prostat® cancer or BRCA
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claims 1 to 3, wherein the biological material is a
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4. The miethod 0f any one of claims 1 to 3, wherein the biological material is a skin

sample and the neoplastic disorder is prostate cancer or BRCA1-unrelated breast cancer.

5. The method of any one of claims 1 to 3, wherein the biological material is a nail

sample and the neoplastic disorder is breast cancer or colon cancer.

6. The method of any one of claims 1 to 3, wherein the biological material is a nail

sample and the neurological disorder is Alzheimer’s disease.

7. An instrument when used in the method of claim 1, the instrument comprising: an X-

ray source producing a beam of X-radiation; a sample stage for positioning the biological
sample within the beam; a detector for detecting scattering of the X-ray beam; and a
display means associated with the detector for displaying the output of the detector;
whereby patterns of output related to the presence of the disorder are displayed for

interpretation.

8. The instrument of claim 7, wherein the X-rays are derived from a monochromatic X-
ray source with energies between 5 and 25 keV and wavelengths between 0.06 and 0.20

nm.
9. The instrument of claim 8, wherein the source is a low-angle synchrotron facility.

Date: 3 January 2008



