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WO 2008/083430PCT/A U2008/000005 - 1 - BIOMETRIC DIAGNOSIS

WOT}{:;&EH;\&LQ@L FIELD The invention described herein rela@é@ﬁ?ﬁﬁi@’ﬁ%‘w‘ﬁ

t0 a biometric diagnostic method. In particular, the invention'is

the use of skin or nails to detect neoplastic or neurological disorders,
although the scope of the invention is nbt necessarily limited thereto.
BACKGROUND ART There is at present no completely reliable,
non-invasive test for neurological and neoplastic disorders. Whilst specific

changes in the diffraction p% {aMEBREG MESASL0 established for

breast and colon cancers and Alzheimer's disease (WO 00/34774), this

test has complications resultingEfdiNéoghdtiERBr treatments such as

dyes, back-combing and even brushing and by transportation through
securithXirayatdithdesatibicp drtsemricidies gostralilyadditoometanydiagnostic method.
neoplastic and neurglogical disar eys ga not cause a cha in.the .
e e TSI 9. ST RN T I poovtasic or

nerostagécibdancderandlthetaghoiha sevpn of GradevEndonnot shbweaessarily limited
tﬁhap es in the structure of hair. Therefore, there would be an

%{e . e . . .

advantage if it were possible to provide an alternative test for many of

these conditions which may oyercon %@%ﬁﬁ;t&%?e of the
above-mentioned disadvantag]éeé&g% I ul or commercial
choice. SUMMARY OF THE INVENTION 20The invention describes a test

which Fi6Vide SeBity R WL ssmebialy Froithiv/2qudnastendstt feistsuipogical and
RRpIEReHIRIBR lowHEREEHIBER SHARRNE fak "c!@fﬁ@é%l?%hﬁ%@@@ﬁéﬁsﬂ&ve been

disorders, using samples of biological material which can be harvested at

criphbthae datiBrreshiidis YamprBs b R HehsiDRLte R Tt FEtt WorAgeh), this test

HEs afksembadimanttite e iiemaieidr s amathed RbHaiedirg, back-combing
neoplastic or 25 neurological disorders in a subject, the method '

BT RG NBE<RY BlolswieReTRHAREFOr e SBibe Kottt gyt airports or in
tHE 5 aation aadid SieteciRhebAAgES dAdthewdIest tctiler@érinéolieta@ied) a change in

material Wherein‘the,biological ateriﬁl is a skin or najl sample, and
ttm]@}g?ﬁ’cmcture of hair, and therefore this test is very limited, for example prostate

cancer and melanoma, even at Grade 7, do not show any changes in the structure of hair.

Therefore, there would be an advantage if it were possible to provide an
alternative test for many of these conditions which may overcome at least some of the

above-mentioned disadvantages or provide a useful 6r 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
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WO 2008/083430PCT/AU2008/000005 - 2 - when the biological material

wd%o%s?&gﬁ(?mple’ the neoplastlc_ disorder is not BRCAl- ,relatﬁg'[%?ﬂ%smoooos
cancer. In a second embodiment, the invention provides an instrument

when used in the method of the first embodiment, the instrument .
comprising: an X-ray source producinga 5 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

whithtteevdsitestal fongisplayingstie eattpié ofihadgiacty,dddedePys not BRCA1-
diffraction patterns of related output are displayed for interpretation. With

rejated BIRS1REFt and second embodiments as defined above, when the
10 biological material is a skin sample, the neogplastic disorder can be an

disorleA Rl ERISad ARG HBIERERR RTEVINER & PSSR &V B pised in the
m&RNPLY: thoerneihed dinpaitcubanvassurate igiteiecingthepsesrRGR Rlucing a

prostate cancer and melanoma in a subject, uSingg skin sar’gfle. When
i

bl oGRS AIAT AR SiPga N P HEE HSiL RO aat sanale yifpin the
bekmdigoddriivhichr cassesiiy ReasHablo Chiange-iaythesutiasiacil@pidhencans

sample. The method is partigularly acgurate for detectjng the presence o ,
ssE AN LTS L O A BB P ARG or R diiraction
pabielapidakiattsiabist arsall papplefoitiataguenitgical disorder can be any

disorder which causes a measurable change in the ultrastructure of the

sampleiti] hep48 WethodispanticilashiassBriryaits ele it inepsesenan the

of Alzheimer's disease.in a subject..  The skin and nail samples can be

bigkpeiitdnsiFHAY SractiiBsTRKA RS Breriisily UrRdsTopay Rariedisrder which
canbiginadyrorinnmashadsanssieaiaced invessdiste T pahelpE saticularly

saline and stored at -20C until required. The samples can be mountedto .
2CEAS U ARISRIDE i INTEiTP Bt REaB e RAMT R A Stela i dgpbiect, using a
skﬁagﬁﬁigﬁe,are mounted using sutures attached to the sides, stretched

slightly to remove the crimp, in cells specially designed to maintain 100%

humigiper N aBRINSIRAf thadgaulindilMaspRDIgR hepresRNe’Rler can be any
_prostate cancer or melanoma to be determined.
disorder which causes a measurable change in the ultrastructure of the sample. The
method is particularly accurate for detecting the presence of breast and colon cancers in a

subject, using a nail sample.

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 immediately 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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WO 2008/083430PCT/A1J2008/000005 - 3 -  Preferably nail samples

Woazr(ﬁ)%gﬂ%n nail clippings. The sample size is preferably ab?"('ﬁqﬂ)%osmoooos
square to enable the X-ray beam to fit entirely within the sample.

Preferably, the nail samples have minimal curvature over the length. The
samples can then be mounted on the-énds of microtubules and exposed

to 5 finely focused X-ray beams of sufficient intensity, such as those from

fixed tube, fine-focus generators, rotating-anode generators and
synchiitstfentiymebsanplemaiysiet dfamenaibolinnjiimd bpaperleriize is preferably

b §f sQltug}@ ﬁ%ﬁ%@@‘cﬁ@l}?%%éﬁ B IR EHBE yithid AR XAy SOBeRerably,

used In the invention can be any approprlate X-ray source, but preferably
theoail prodles ehEmiBs M SHERCHS vwithin lg9e€Bnergy range of 5 to 30

kea. 10 Radiation from synchrotron sources is well suited for this work but

radiafite fsmpic&a&mgthmdte genaratbradhd findsfofusiudidbrdss smdreagosed to

o) %c%se% %%‘gg AOREN el QPR QS SMESe froml N AYe, fine-

action is pre \ carrle out using a monochromatic X-ray source

fdaciliggsuetoans wivingnohdsgsonrarsnfatiimchseexasyre &L 15 analysis of the
regg%@rgnﬁ?ﬁ@ﬁ&% Y Eé‘{h%?&&@%’f%g AA¥INAVEISnaLh delwasedeand

n incident flux at the specimen of approximately 8x1010

phot sec can be nerat ted wh en the P oton Fact I
IS opeﬁgéo %r piAxeY, s%ﬁ a beuealrlrxll Y:eﬁlrrlgﬁtc amyA B I%ggr%agy% e?‘r%éme but
pfabrkiﬁyenosd9cbdemoBéc$mmamg)ﬁgaplamﬂnlﬁ>¢bomgymen@ ofiéd $kiR0 keV.

ARG SEC AR GO 9 oflfin A0 meERral! (EYS i, from

IS pretera Ween S an mlnutes d generatlon sync rotrons
r@uﬂh@gmbd%gvammsbhoﬁ)rﬁ@mfmsmﬁs?ﬂ Ay caHEcesSeathalexpesureed with

a}t#}:j?g is e gg%gz%rép k181051 AL €xposure time on rotating generators and
| ay

ocus nerators is typically 15 mlnutes to 24 hours. Sample
to im late ra] S can b practlc |stance but ar
prefe 66?41 i%aafig %ﬁém Ci%rggmmon on élodﬁqno,&eﬁr matic X-ray
s&ﬁ@ﬁl@cﬁ)ﬁtﬁh&bﬁh&&t@%(&@ﬁ)smmO@nmh% @hommﬁbc&w)iA Photon
Fagt%rgz?qmukugg W tmg}??z%g Wave ng&xog%xggc%d'& %ggg({'%%onqg/o&& (?r?édent flux
at the specimen of approximately 8x10'° photons per sec can be generated when the

Photon Factory storage ring is operated at 25 GeV with a beam current of 145 mA. The
X-ray patterns can be recorded on Fuji BAS III Imaging plates.

Exposure 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 5. 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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-4 - Background removal can be achieved by use of standard

WOD§0%§ Q&%Psuch as FIT2D, MATHEMATICA and 1RAFSAO. 'E,l&er/A 2008/000005

meridional data can be analyzed using a Bragg analysis; the equatoria

data can be analyzed using appropriate Bessel Functions. In order

that the invention may be more readily ynderstood and put into practice, 5

one or more preferred embodiments thereof will now be described, by way

of example only, with reference to the accompanying drawings. BRIEF
DESCRAEKBOMOfembiaIREW NS ed biyigsere flsiand adhe@laiies such as FIT2D,

I j f - lysis system of the invention. 10Figure 2 is

a scEematltg?r%‘[?reatlggnia{lon %@a% el¥1 r%%(?ﬁﬁﬁlg gfﬁaﬁaéé%?eﬁg(?}fg psiag& Bragg
apal psirajhdifiqaetmiabdate vambtainayFed mssigrepfapriat BesidbBatictions.

Figure 4 is an X-ray diffraction pattern obtained from the skin of a patient

with pinsiaderchactte inventidngnag beisnaneX ety diffideHRporatiRI But into practice,

obtained from the skin of g.patient with 15 melanoma, Figyre 6 is an X-ray
TG BT TR e 59 s HHLAHY ST eehbetp ureay f bxemple
oaly Xwritly wiférantio tophttecooniniaiydekfdoaw thgsnail of a patient with ‘

nonBRCAI-related breast cancer. Figure 8 is an X-ray diffraction

pattern obtained frgsRithe DAl oRapmatenorithy8demoneaqcer.  Figure

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

é:\z/l%%%% ﬁli_sl_ﬁésa%-s%%tkﬁ@ﬂ?@%ﬁfgnﬂ&'\'&g:ﬁﬁ§F%@EP system of the
invention.

Figure 2 is a schematic representation of sample mounting arrangements.
Figure 3 is an X-ray diffraction pattern obtained from skin of a healfhy subject.

Figure 4 is an X-ray diffraction pattern obtained from the skin of a patient 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 numeroﬁs 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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- Topdrmaaial sUeBes 9

Fibre diffraction requires samples containing numerous fibres which are

Wogy;org?')gs%%%an a regular array of parallel planes. The greatergpe RUBREF0000s

anes, the better will be the final patterns obtained. WO
20081083430PCT/AU20081000005 - 5 - At the microscopic level, skin
is comprised of three layers. Of these-tge dermis is the middle layer and is
also the thickest of the three layers (1.5 to 4 mm thick), making up
approximately 90% of the thickness of the skin. The dermis is held
togetherthy mjproteispialladicekagrewhiciséd afidugh laysalLORthestale dermis is

found throughout the connective tissues of the body. The lower, reticular . .

L pitiiog Aty D e R e B
aptignea ghelna el toothths tidclaseaf dfiehskikinmn@kéndeinided etditrgether by a protein
iffraction omically fingernails and toenails are made,of hard .
o e Y R D O FURBRU L oqnnective
tiasshes abf dhevieatlplakbe Towciresttude ikyhe dittipadeohibesrthicivatedterds of thick
' r.toe il e a-kerafin fi re.
o LS PRI P A S, SRR e or e

difektion. Since the basic repeat distances in skin collagen (65.2nm) and
keratin (46.7nm and 62.6nm) are very large on the atomic scale and the
diffractinnangisityafiegecigteaal terails anglsadaay difttackernimregiiiedroduced
to achieve excellent scattering resylts. However the . fupndamenptal _
R A B GT N TR RBFaIR Ay A DS WEYSFIER | oG aFiade is the
ptechnaieduillhetattesds pas: ensifigaty sepsedbeiblailmentagsprit) tiBseie-keratin
and from sample to sample. The specific changes obseryed in skin ) .
Fiog% GEh AR AT RFREIEHHT OenETp R aﬁ%%é‘&ﬁ%?&g‘?&&? Rl og diffraction

wajge clearly reproducible and quite spécific to 20the particular pathology.
Figure 1 depicts a system for analyzing fibres according to the present

INVenti9ie heSRHRIeS 0k AalRISaIe Mﬁp@m@%ﬁé ges0rbadReIWatin (46.70m
|
ha

(Figure 2). Analysis of the samples is as follows ure 1). A finely
i

afse HnYStSd SO MRS Rt & SeRerEKt igpraRelRs AT s ciprocal,

ISRRRE (e ERassss WreaRE® WIREOW dDeltAs e6sahsfligbtvever the
tube (4), and exits throu%:‘a window at the other end of the flight tube as

B tragr iyt deirtin (AR veRe B giviqaryiaed using this
tBAtIERG. Withinghecsample GRiiasaismeprennisictabheniiely wihigiseand from

sample. o .
samg]g to sample. The specific changes observed in skin collagen and in nail keratin for
neoplastic and neurological disorders are also clearly reproducible and quite specific to

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

Samples for analysis are prepared as deseribed 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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The direct beam is very strong and would damage the detector. The direct

b IS therefore intercepted by a beam-stop (6), which all
woSas ) pted by P (6), which allgyys,
weaker diffracted beam 30to reach and be focussed at the imagﬁ%gig@?é%“

or detector (7). The path between the sample WO
2008/083430PCTIAU2008/000005 - 64 (2) and the detecting device
(image plate) (7) is evacuated to prevent loss of intensity by scatter from
the atmosphere. Sample (2) to imaging plate (7) distances are as
(zggﬁg rd'i;@ q@mm‘% ilevica_ Ctllﬂ"fﬂgéa{}leﬂa}lt@ﬁ’)’lﬁs @nanetedcorgeyen hethoEdjiensity by
asin Imaging plates and also on 5electronic detectors. Exposure time for
S%@%ﬁﬁﬁh}%ﬁ %‘?‘ﬁ%‘?lhgé?nples depends on sample and bearrrlj-line but varies

from 5 seconds to 20 minutes. Background removal is achieved by
use CYamPIENS)48HBIEHAG PRI ADUsRIgESHA BASC 3(iﬁ?é%ﬁ%d by using
SAX151D or a combination of MATLAB and ProcessFITS. The meridional

data Bharigiyaeppiising 6 Breigcnaeiss kot Eivé Baskidmasingrkenipddlso on
el%c%#’éﬁ?cg SRR3R BesReliFNEHanRs SSAMRBIE SRIIIERARES lef¥ds on sample

olfowing manner (Figure 2%. Small punch biopsy samples of skin (9) are
arttowstreding iAESoya deerdstedBEIESRhich can maintain 100%
humidity throughout exposure to the X-ray beam. Small "crystallite” -

sectidBmibfwoails (tt(appyaxiirmsp e Bl peranomey BadeanliRAF and
Sgl@ pla%ﬁécﬁ‘@cﬁ’cera%ﬂ%@#&%ggﬂsﬁfa@%gﬂﬁ&ﬁﬁﬁmﬁﬁﬂ and ProcessFITS.

microtubules are In place on a grooved plate.
The meridional data is analyzed using a Bragg analysis, and the equatorial data analyzed

using appropriate Bessel Functions.
Samples are prepared in the following manner (Figure 2).

Small punch biopsy samples of skin (9) are attached by sutures (10) and mounted

in cells which can maintain 100% humidity throughout exposure to the X-ray beam.

Small “crystallite” sections of nails (11) (approximately 1x2 mm in size) are cut
from nail clippings and mounted on the ends of microtubules (12). These microtubules

are then firmly held in place on a grooved plate.

The inventor has found that normal skin and nails of all post-partum 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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w Zr%)f’)?@?%ﬁy over the age range from 3 months to 80 years

The inventor has found that normal skin and nails of all post-partum

ersons so examined yielded distinctive repeatable patternsx\%%%@%&%%oos
synchrotron pattern for normal skin is given 20 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

sampigs bﬁﬂﬂ%&&%@ﬁ%”tg‘%é%gﬁfogiﬁ?&“%&grthg PRAR- Ulge observed for

equatorial pattern (horizontal) reflects the cylindrical acklng arrangement

digfrasEantatHaaicikipme Atk syehgatienis iershy e ipd e Further

sets of samples included: 1) Skin biopsies from: WO

2008@83g&@@%@%mmla@ma Smyﬁmlehasgcrﬂhmmd@redlffractmn

gﬁ £ gﬁg}&ﬁg%ﬂgw el for diffraction patterns (13)

p%é%% suc paﬁe ts is shown in F?guré%q: (b) patients known to have
lanorgg 4 2R eleLIC ange observed for diffraction patterns from all such
tleﬁ?s IS 'shown'in gure5 52) Finger and toenails from: (@)

patle known to haveb east cancer. Specific change observed f

diffraZ' o HROT A B R PR P TS AMRSFABERR/ o For diffaction

pRAEENTS KBV 401 Wmmmﬁewﬁpﬂ@@memnge observed for
diffraction patterns from all such patients is shown in Figure 8. 10(c)

patienty kpewwisiRddEIARDRITSI0R disResespeREhehad eBseRANIRM{Pfaction

diffraction patterns from all such patients is shown in Figure 9. The
PRARY B9 HLETVER RAHFRE BTV RdMiBY dken from the relevant groups

of patients. For patients with prostate cancer and melanoma the relevant

changd®s REitEs RN Angs P aitfdrbstararhatiseasu parneifieselpagetiobserved for
dirernaPatienn ot sKICQlaBSRients is shown in Figure 9.

The changes observed manifested in samples taken from the relevant groups of
patients. For patients with prostate cancer and melanoma the relevant changes consisted
of rings of different diameters superimposed on the normal pattern for skin collagen.
Based on the accepted 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 changés 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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Wor%%gi{\é%ggﬂacing of the additional rings in real space is 4:7201;)51{2]%%58/000005

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 tlge_normal pattern for nail. Based on

the 20 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,

nihealative.sppeinomeiitbe adgitinaktingsdolreat sppie ind. Zdoddbniiagaosis of
breast cancer and 4._53ﬂm for colon cancer and for Alzheimer's disease an

neRRIAHA AP RO B BN U BE HitEnsity superimposed on the normal keratin

pattern for nail. 25Although the number of samples inyestigated thys far.is .
 in totdt sheribe trle v 3 ths Rty OF ARy RLomNUlHRY e ﬂ‘BRﬁﬁﬁ%{HV in the
niBistgchRique aRsH-heddast aaicivhen Ming ayp ckkrantsalseesngatd propensity
sample takes only seconds to measure apd only WO 2008/083430PCT/A I
o 2 ORIOTOBVS B ATHMdHS BSHRERFEL SRORAE T AR U PEoRR s Facers colon

chapld and.acew ale-dingnesis Alinseplasie’ adiaserological disorders.
It should be clear that the present invention will find wide applicability in

the meglic ?Are%%gn\{ SGHPEM SIS P RMISHANE Bnihe AR HRUGHIEL F the invention,

detecting the propensity of a subject to neoplastic and neurological .
auisurdens, meflifineg gre sedelentss Ebrsabnesrurie thrsin sk tiehiy the art. The
ix%\?éﬁ?ﬁ)'il_aﬁd AFREIME SetligeasRiiced T4 fRsR@QINGUe MPIEIBRE &8 and in other

lllustrative only of the principles of the invention, and various modifications

earhodmaniediinirsadmbscaiiersond bt i triminelogy SHBIRKAIBRITs!S for the
pGARAkS (fdReing sracticash archeApEee.arIdN MaRiRMEways and in other 10
embodiments. 1t is also to be understood that the terminology employed -

hereingis for | pl&g}ﬁgﬁs%f’dﬁﬁ&”%ﬂ%@do?h%d pokbeiegatied @snprises” or

limiting.~ The term "comprise” and variants of the temi such as )
“eepmpsises’ a5 tssthbeisiigioatenpisdhmdisiondiotétpd inerRioR Brigd ntegers
g o et ﬂ?tgﬁlg?tﬁﬁz%& RytAt g exaiidR RMIEL RO @Ext or usage

any other integers, unless in the context or usage 15an exclusive

anexgreiusdroPRAteme fdhe tiumda required.

Any reference to publications cited in this specification is not an admission that

the disclosures constitute common general knowledge in Australia.
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Any reference to publications cited in this specification is not an admission
that the disclosures constitute common general knowledge in Australia. CSLLP
MCSLIP - 9 - The claims defining the invention are as follows: 1.A methoé/3 o
of detecting neoplastic or neurological disorders in a subject, the method
comprising exposing biological materia? of the subject to fibre X-ray 5
diffraction, and detecting changes in the ultrastructure of the biological
Thatdriahswibnang the inivdotiahmatdiilibigsa skin or nail sample, and
wherein when the biological material is a skin sample, the neoplastic
Qsorag! IR ARLPIEAS ARG neoufssHOCHARY I GIRIM by HRCTRI Wi, the
-rays are deflved from an-X-ray source 10 wit ergles between 5 and
ehed, ST SIS BENEARRDEE AUD'Y0 i B SURIRE mgud br X 12
diffinetRynw rexbidateetawdmiges | ow- Hisglel syritinanom faditybiologicghanaterial,
whetbrd okabirecef claimsal te 3, wierein ihd hislogicahmatetiatldmawhen the

bﬁ}%i@?ﬁ%&ﬂ&ﬁﬂ%@ OEAPRSHA JISREIGE 5 REASIRIR SABLES Aot breast cancer.

elanoma. 5. The method of any one of claims Ito 3, wherein the
biological material is a nail sample and the neoplastic disorder is breast
Zancerlbe corshrdapicelaizns, THecraBBY ey Hisedstivpdnion naX-ray source
witlesabidhee biolagical matyikd s b aihselngthabe tremelifoiodiOal0 nm.
disorder is Alzheimer's disease.

3. The method of claim 2, wherein the source is a low-angle synchrotron facility.

4. The method of any one of claims 1 to 3, wherein the biological material is a skin
sample and the neoplastic disorder is prostate cancer or melanoma.

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.




