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Process 5 A nethod for detecting a presence of an
wa@bowsnnmko conponent in a keratin sanpl e takenrE¢T/ame@7/000879

subj ect suffering froma pa[hzlggical-state _

conprising the steps of exposing the keratin sanple

to a swelling substance so as to penetrate the’

keratin sanple thereby producing a derived chem cal 10

subst ance; obtai ni ng dataptéesd thwadasi ved chem ca

substance; conparing the data obtained fromthe

derived chem cal substance with a second group of

data contained in a reference database so as to

4 deqtidshddheoRr gsesece Rf at Beesahbewrdmlancappepgal ddinponent
the keratin sanple; whereby detection 15 of the

abnpy Al CRRRANSRtH1 S t%@c@%' st &Rt Wddy @ tpeesehEEn@ffrom a
t he pat hol ogi cal state in the subject. BACKGROUND A

Va%aewol%fglv:g@e@{&%b tnghat 81 haschdditealsed it BepPs esLRCR
of = 20 abnormal changes in conponents of keratin

sanpl £5,; SUGhL8S HRid \sueakengf £09 SilieebSas We ﬁgﬁ%trate
afflicted MAtﬁ pathologlcal state which can include

cangGel ., X kay géﬁgf@“ﬁﬂé%@b?”ﬁi&gﬂéiﬂﬁa% showWied hatemical
subjects with a 25 plurality of certain types of

1d3a”ﬁ§;f§ca(n“c%| OBth{r?ﬁ?gt @R £PERShAL @) raRdq0theti cal

pat ogi cal states (Al zheimer's disease) produce

ha'éuﬁﬁﬁgﬁc§§ Egﬂéaggﬁﬁetﬁgn8£B§Jdgﬂé%%eﬁnfrom the derived
chemical substance with a second group of data contained in
a reference database so as to identify the presence of the
abnormal component in the keratin sample; whereby detection

15 of the abnormal component is consistent with a presence of

the pathological state in the subject.

BACKGROUND

A variety of research to date has indicated the presence of
20 abnormal changes in components of keratin samples, such as

hair, taken from. subjects, who are afflicted with a

pathological state which can include cancer.

- X-ray diffraction analysis has shown that subjects with a
25 plurality of certain types of cancers (colon, breast and
prostate) and other pathological states (Alzheimer’s

disease) produce hair samples that have abnormalities in



WO 2008/ 000020 PCT/ AU2007/000879 - 2 them The
abnormalities are detectable using X-ray diffraction

wo e@hiodmeaes and are consistent with the presenBer/Au£007/000879
the pat hol ogical state itself. 5 Wiilst X-ray
di ffraction techni ques can |deﬁt|fy the presence of
an abnormality in hair or other keratin sanples,

X-r dlff{h(ﬂl on e hni.ques are | |gé{g§kéghg:hag51541eyx ray

ST r eveal tﬁ ure o the abnor mal conponent

.e._whetr h Lity |
(g LPe Il tage ot ac i oneenc

rath n.th Lruc of a keratin fibri
for® iiﬁﬁb Qﬁﬁf ?%Qiha%F? é%iﬁctural abnormal i ty
therefore can have the same proportion of chem ca
nol ecul es present but differ structurally in

t tat |
Ehooat Cb%ﬁ'ag?sgad%ﬁgf foid TUARURR0r I8 tHAkhesey  ohe

fore. gical state

can |l ead to structur cha in chem I
t hePT 48 Cevah tHou QQﬁE'gggﬁlca? nn?egﬁ|é202%?%?  Reratin

the hair are in r opor.t
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the nature of chem cal abnornalltl resent _in th
haJTh%ﬁ %%r§8hsrﬁWFﬁ? t ﬁaﬁﬁgﬁ6§|ca § ate% ave ee§mDonent
conjectured. It has been ested tha i ncr ase
in 5béb|Pﬁ@tﬁﬁfaFgenGPﬂ%ET@l ohTd 57 Shar an v pe o on of a
- associated with various pat hol qgi cal
10 chemical substance not normal present or rather a defect

in the structure of a keratin fibril for example in the
hair). A structural abnormality therefore can have the same
proportion of chemical molecules present but differ
structurally in geometric orientation of the molecules or
15 their chemical bonding. Therefore, the pathological state
can lead to structural changes in chemical bonding in the
hair even though the chemical molecules forming the hair
are in the same éroportion as occurs in normal hair.
20 A variety of different causes as to the nature of chemical
abnormalities present in the hair of persons with
pathological state have been conjectured. It has been
suggested that an increase in specific metals normally

found in hair may be associated with various pathological

25 states.
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researchers have conjectured that different types of
wa@e@sboot@ct ors can be found in increased propRCT/AUZE7/000879
in the hair of cancer patients. O her researchers

have suggested that rather than"specific additions to
normal hair such as 5 increases in the content of

Cef%%{” (Rl R esell, 1AL 20005 Mo Bl BUERUESS: {ffes of

- e e
exanPle & truncatéd formo eratin, can be present

in hair taken from persons. w t.h . in i cal .
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truth. of the above conjectur t he tr e hai ’
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cortex so that it i's, often e 98] di fficult_t
cheriadal 13F5en &t Pt épﬁﬁjr‘%l(i: nac)iz;é]{tgjt%?lesynﬁcto Itngrhlggeh???ysmh =

t he presence of an abnornal ¢ onent ., t .
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i nclusion_.in hair taken ff[?om a subj1 ect_with

patHEITgFCal S-SEaTE “an B¢ | SPATed, ¢heit the 0 o °F

pat hol ogi cal state can be identified wth ' -
spetifateiry Gt E%n?ffle?’?/ﬁ'l?y.lnzgjall&en%?l?elncaf’?%ﬁa%g?%nes with
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state. _ .

10 TIrrespective of the truth of the above conjectures the
structure of hair, «contains a tightly bound cuticle
surrounding a dense cortex so that it is often extremely
difficult to chemically penetrate hair in an attempt to
identify the presence of an abnormal component.

15
If the abnormal component whether structural or an atypical
inclusion in hair taken from a subject with a pathological
state, can be isolated, then the pathological state can be
idehtified with greater specificity and sensitivity.

20 Identification of the abnormal component means that

additional information is then provided about the nature of

the pathological state.

It is therefore seen that a problem sought to be solved by
25 the present invention is - the ability to chemically

penetrate a hair sample so as to detect an abnormal



It is therefore seen that a probl em sought to be

solved by 25 the present invention is the ability to
w@h@sioe®mko y penetrate a hair sanple so as to PEr/av2o0anoos79
abnormal WD 2008/ 000020 PCT/ AU2007/ 000879 4 conponent
within the hair sanple t aken T fom a subject with a

pat hol ogi cal state. It is.an object of the present
invention to_addres r.a t li t «0f with
e e R TR
"conprising”.(and_grammatical variations thereof) is’
used ??ﬁh4¥% lé%@c?T?é&ﬁi on in the inclusive 10 se%se

of "having" or "including", and not in the exclusive
sense of "consisting only of". 2. The above di scussi on

of the.prior art in the Backdroun - LAV '
Us Mot i SntRdRELE bRt NS a‘?ﬁgseﬁﬁf gfl?r’%%fc%ﬁgd;cgcggggg& or At

therein is citable prior art_or RAr the_.gonmmon
YeneTHl© fﬂﬁ%ﬁ8da£?d$”%%f%oﬁéesﬁ?%ﬁ%éﬁj%ﬁg%ﬁe Fiin
any country. WO 2008/ 000020 PCT/ AU2007/ 000879 5 BRIEF
DESCRI PTI ON OF | NVENTION I n one broad form of the

invention there is provided a nethod for detecting a
pre§%ﬁ%% of an abnormal conponent in

1. The term “comprising” (and grammatical variations

thereof) is used in this specification in the inclusive

10 sense of “haviﬁg” or “including”, and not in the
exclusive sense of “consisting only of”.

> The above discussion of the prior art in the Background

of the invention, is not an admission that any

information discussed therein is citable prior art or

15 part of the common general knowledge of persons skilled

in the art in any country.



a keratin sanple taken froma subject suffering froma

5 pat hol ogi cal state conprising the steps of: a)
wez@esnego t he keratin sanple to a swelling sSubBCEHAT2003/000879

as to penetrate the keratin sanpl e thereby producing a

derived chenmical substance; I0%b) obtai ni ng data from

the derived chem cal substance; c) conparing the data

bt gi g o bheod oy adeshigacal substance with a

second group of data contained in a 15 reference

dat ab to.identify, th £.th |
SbnBr e coaeno T The Rbr ATT A ambl & SWherdo,PTovidd 2

detecti o f th abnor nal co anen te

wi tHF te{mﬁfefoéngs 8F “1'he patnologr caqlE 5? erp?sﬂﬁéat Fonponent in
subj e 20 Pref erabl /s the swel lin st om

i nc %8§an?mS@m8iF tyklsrefelréfbly S%ﬁzggec%n%g%gr%ﬁg grem @
data is correiat edtvmt senic}% of %

PatHoiyicfarast at et ncﬁ“]%léuﬁ et P3008/ 000020
PCT/ AU2007/ 000879 _ 6 _ Preferably, the second group

of data is causatively associated with the presence

of the pat hol o |caI state in bJe Pr ef er ab
L S BFR g SuBS: difce 18 SEPBLRedt Pomis 155) SPAPHee =

of different swellin st ances. .
as to penetrate e Eeratfﬁ ‘sample thereby producing a

derived chemical substance;

10

b) obtaining data from the derived chemical substance;

c) comparing the data obtained from the derived chemical
substance with a second group of data contained in a
15 - reference database so as to identify the presence of the

abnormal component in the keratin sample;

whereby detection of the abnormal component is consistent

with a presence of the pathological state in the subject.

20

Preferably, the swelling substance includes formic acid.

Preferably, the second group of data is correlated with the

presence of the pathological state in the subject.



Preferably, the keratin sanple is selected froma
plurality of different keratin sanples. Preferably,

wo b@ssemend group of data is selected froma PCT/AHERIOTAH00879
of different groups of data.. 10 Preferably, the
derived data and the second gToﬁJpY of data are
anal yzed using a plurality of different nethods of

conpari s Pr ef er abl use, t he ker at S | 6217

be 68F§F?‘£]c¥"and eana?%fzé"(gl £8%0ci% a{l o%ﬂvant hﬂ;? '%éas tvely

one of a harmacl%/ a 15 test klt al{@oei%lgap ggate in
nf abcPr

a REAPFRA ST ettt nFle aRdeastest Phg | atory-of an

conveni ent | ocation (office, field or barn).
Pr éh&r 8BPIEChe. subject is selected fromthe group
consi sting of a human, and an ani mal 20 WO

2008 AU2007 00879 BRI. EF Tl
5@% ﬁé@"Fl 9 subst nee !lg Qgﬁgﬁrﬁi g}Iom a

he application

I bs t k t
Siw%@m'aé‘ o é%eﬁger%% ré%'gQRE%@%g “dirality o

di fferent chem cal subst ances being applied in the

ernative t erati. . Fi Shews, & pluralit
pI FEFFESP of %}?ef Ié(reéfﬁ% Ee%g{{%gsé%p?gwc%aken from- oo
di ffeggg}erseun@ %%Egtwntgmgl fferent pat hoI ogi cal

preferably, the second group of data is selected from a

plurality of different groups of data.

10 Preferably, the derived data and the second group of data

are analyzed using a plurality of different methods of

comparison.

Preferably, in use, the keratin sample can be obtained and
analyzed in association with at least one of a pharmacy, a
15 test kit, the subject’s home, a health care clinic and a

testing laboratory or any convenient location (office, field

or barn).

Preferably, the subject is selected from the group

consisting of a human, and an animal.

20



10 states (or the sane subject with severa
pat hol ogi cal states) or froma plurality of different

- Woresmsmbdoan species. Figure 4 shows a plurali tpCDAU2007/000879

di fferent nmethods of analysis -being used to anal yze

data produced according to the first 15

enbodi nent . di sclosed in Figure 1. Figure 5 shows the
netgradrobegdBal yEiog o beartiessanpl e  being
i mpl emented in use, wherein a sanple can be coll ected

froma, sub eebwat ciie hgalitika6abe 6ki A Swe iGQl Is@@kERGce to a

“room20 or using a kit at a convenient l|location to the

V)]

subjacl in( BB e 8l dsebanng: £54dstild @uEe:fg.

illustrates results of SAXS analysis applied to

sanples treated in accordance w th enbodinents of the

25 nmethod of the present invention. WO 2008/ 000020

PCTPli Z:QOZ/ ggg\ggga @ul@i@% Lg@ RESERIEH OMd@ cal substances
PREFERRED EMBODI MENTS Enbodi ments of the present

| nyention wilqnowhe described,c wid h wetefencadacthe
acconp nyan draw ngs wherein: 5 Definitions: An

"animal" is defined as a |living organi smcharacterized

by the capacity for voluntary notion, sensation and

th%niégjugge%i Qﬂov(r)%‘ %oﬁgslﬂg:ﬁlﬂt§s CFH a@£§f&r@1t0t P@fai‘iin 1séamples

ani and whic non-cel | ul ose cel |l  wal
taken from different subjects with different pathological

10 states (or the same subject with several pathological

15

20

states) or from a plurality of different mammalian species.

Figure 4 shows a plurzlity of different methods of analysis

being used to analyze data produced according to the first

embodiment. disclosed in Figure 1.

Figure 5 shows the method of analyzing a keratin sample
being implemented in use, wherein a sample can be collected
from a'éﬁbject at a health care clinic, a ceollecting room
or using a kit at a conveﬁient location to the subject

(home, field, barn, etc).

Figure 6 illustrates results of SAXS analysis applied to
samples treated in accordance with embodiments of the

method of the present invention.



The plurality of different selections and forns

pertaining to the invention as clained include the
wa@elsobioens and forns as appearing in the bodpCDAULINE000879

specification.. "Ml ian species" includés the. types

of species as 15 appearing im tthe body of the

specification. It can include a human, a pet such as

a dog or cat_or ' v R th hair.

A ’R‘%F%ﬁlrﬁ'\? ng‘ﬁ?‘gﬁ%& %%r'?z%%‘fﬁ% Subst ance” |§s a sanpl e

that is substantially conprised of. kerat.i,n. bed
ker Bpefimentsupdt éﬁﬁepfésggﬁ RS Than sngqa:{%eordescm ©
body hair and in particul ar pubic hair, .pet LLas .

ani aFh H’éifreréflcﬁag? ?Ii‘eorﬁcéjomgﬁ%é?g oc%rdaw‘r?g%*rgﬁlé%%m'

species in general, or other keratin based materials

such as nail clippings or an eyel ash. WO 2008/ 000020

PCT/ AU2007/ 000879 - 9 A "subject"- can include a

ranhef it 9pEcéi es. A manmalian' species can include a

human, a pet such as_a dog or cat_or a variety of .. .
‘ot her Manweals hl e35ittther i %_e?ﬂﬁﬂfﬂ%a%%a‘b]f“{ giaracterized

context, a claimto one 5 elenment is consi stenctjtovr\{i tahnd the

a chai FhEo @Paceayt Gife BPEHIMTY MTgie 1°719Ustrates
a method of analyzing a keratin sanple .. Figure 1

16 g
ShoWsges iiansto & oRPAR NEBCE2 afhi RIFTHG d&% Ot | FRgRats. and

substance 14. A keratin sanple_ 16 is taken from
subjetth TRs ahepereethelaiiceeét T3ltan incl ude a
manmal i an ‘

10

The plurality of different selections and forms pertaining
to the invention as claimed include the selections and
forms as appearing in the body of the specification.
“Mammalian species” includes the types of species as
15 appearing in the body of the specification. It can include
a human, a ?etvsuch as a dog or cat or a variety of other
animals with hair.
A “keratin sample” or “keratin substance” is a sample that
is substantially comprised of keratin.. The keratin
20 substance 16 can include human scalp or body hair and in
particular pubic hair, pet hair, animal hair or hair from a
member of a mammalian species in general, or other keratin

based materials such as nail clippings or an eyelash.



10 species. A mammmalian species can include a human, a

pet such as a dog or cat or a variety of other
‘Wapiosmb®20 The keratin substance 16 can i ncl udeCTamen®7/000879

scalp or body hair and in particular pubic hair, pet

hair, animal hair or hair frofha mammalian species in

general, or other keratin based 15 materials such as

nail clippings or an eyelash. The keratin sanple,16 i .
s SaUbE Tho SHb Fepe BIRE LT APEer Jeq? anialisn
chem cal substance 18 is obtained from . a Iicgtion of

t heSRE@ISS G s iBSL AR e® 147135+ Ke BREr HCR 58 gafipPe 16-2" °F
whereby the swel ling sybstance 14 penetrates the
ker%uY%¥%§§ﬁpP§ 6Pe e ‘dérPved chenical substance 18

is collected in the second container 19 . .
(alTreharst iSO AAE TRAEROHRS I 1B5sTt RNETHI 13 SRyt o ome
one container need be wused). 25 WD 2008/ 000020

PCTH YRUFEIG7 L0087 S TR T THED dor FAAR CRefi-caF>RubR afde™e -
18 located in_the second container 19 is then taken

t 0 BiquiSorlatidlys DR ERS th@epRaEe 0t of "&bH iatd &fF “6f Fha3 PLe
swel | i ng substance 14. The |aboratory 20 will then

usel @ pFugarsty ofhMisaghostits t XL AGTot I nvBLdh olds a
22 which can be conpared with data 24 |ocated in a

r eferdidagd B EseC25 140 &s g adéPersiRas) Lo g taken from

subject 11 has a pathological state. The reference .
datsibiaest2g lgaiwhgaein the subject 11 can include a mammalian

10 species. A mammalian species can include a human, a pet
such as a dog or cat or a variety of other animals. The
keratin substance 16 can include human scalp or body hair
and in particular pubic hair, pet hair, animal hair or hair
from a‘mammalian species in general, or other keratin based

15 materials such as nail clippings or an eyelash.

The keratin sample 16 is exposed to the swelling substance
14. A derived chemical substance 18 1is obtainéd from
application of the swelling substance 14 to the keratin

20 sample 16 whereby the swelling substance 14 penetrates the
keratin sample 16. The derived chemical substance .18 is
collected in the second container 19 (alternatively and
without loss of generality only one container need be
used) .

25



obtained froma plurality of control sanples taken

from normal subjects and subjects with a plurality of
waledoBeomat 10 pat hol ogi cal states. The data 2PCT/AN209€/000879

conpared with data 24 in the r @erence dat abase 25 to

det er mi ne whet her or not the"sﬁ ject 11 has a

pat hol ogi cal state, for exanple if the reference

dat <958e}§vé? Eﬂgﬁfégfssﬁﬂéiaﬁaﬁ ﬁ@SHBEadeQQ§§t{@Q second
is both correlated and causatively linked to a

pat hal.agical é@t zggtkgﬁngf'z\fem@@iygﬂﬂo&wg»r hb80RCARe place

be consi dere ition y zero correlation or no

i”fé¥F%}'f1%aP§E gopréﬁg(gﬁ%qfln h§u8§§§n5g_14U)The laboratory

associ dation wi th an abnormal conponent being present,

in &fyﬁ %%Ey%gepge i%?gl§ S&f”%?%é%%é%ﬁ% E@s%grgéiebtain

I.nstances. consistent wth an abnornmality being a

sdefc?a%ga !%g{gg% pg?i%gi %ng@% LStR SLEUCLUr@loczred in a
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rashSd. Ut 4, he dgtLvetl, cham ol substanse; 1 cron
e IR TR L 3R L0 08 s crevene

HFhﬁgg%%gogggal states.

The data 22 can be compared with data 24 in the reference
database 25 to determine whether or not the subject 11 has
a pathoiogical state, for example if the reference database
15 25 indicates that the result in gquestion is both correlated
and caﬁsauively linked to a pathological state then a
meaningful comparison can be considered. Additionally zero
correlation or no information being provided in the case of
no association with an abnormal component being present' in
20 the derived chemical substance 18 can in certain instances
bg consistent with an abnormality being a defect in protein
folding, that is a structural defect in the keratin sample
16 as opposéd. to an additional inclusion of a component
that may or may not be ordinarily found in the keratin

25 sample 16 such as a metal or other compound (whereby no



swel l'i ng substance 14. Figure 2 shows a plurality of

different swelling substances 14, being Si, S2...SN
waosodegure 2 the data 22, not shown, is ananAdzdoy/ooosw

conparing the data 22 with the, data 24 (froma

reference database 25 as seenlin Figure 1) so as to

select a swelling substance fromthe set Si.

mhlc apte e e a

El) 5 ARRLed L0 e e seteld Uiy nalt Gpgstance

of QF keratln sanple 16 so as to restore norwm
folding and configuration of the keratin sanple 16 or
by transferring, by way of application of the swelling
substance 14 to the keratin sanmple 16, the conponent

ca JZEHJq:théa abnormal it |n thg:ke£a§hnt nmple. 16,19 tion in

t he erf ved“ thent c& ance |s can i nvO
or exanpl form c . aci enetratln and washi ng t
%b5|§h?fr?ﬁﬁ51tlhalV sanpléfecggthé¥ fo%n1tQ§C|%ethOd
has been.di.scl osed her ot he
subd %ﬁﬁﬁ&?daﬁg-iﬁﬁwgﬁ| t%? %ﬁﬁﬁ d'qa{ %%¥a?f changing the

bst t ab I t .
E?rﬁi@@ﬁa@t ARCRR THE udd-acbty e, *Br B ol O 4GRSy of
ty d fl t
aci " B 26087 ObbUZD PERALSBD 7! DDORTS ”°”°°93°r§5 o

hydrochl ori c acid, dinethyl formam de, potaSS|um

i odi de, sodlun1bron1de [ithium brom de, lithium

chloride, DIT _(Di th|o Thre ol ) DIE .
1%[]%Qu gégyfﬁrl%ols &aﬁaea % né% shown, 1s analyzed by

comparing the data 22 with the data 24 (from a reference
database 25 as seen in Figure 1) so as to select a swelling
substance from the set S1...SN, which is adapted to remove
the defect in the keratin sample 16 by either altering the
15 structural nature of the keratin sample 16 so as to restore
normal'foldiﬁg and configuration of the keratin sample 16
or by transfeiring, by way of application of the sweliing
substance 14 to the keratin sample 16, the component
causing the abnormaliﬁy in the keratin sample 16 ‘to the
20 derived chemical substance 18 (this can involve for example
formic acid penetrating and washing out an inclusion from a
hair sample). Whilst formic acid has been disclosed herein
a number of other substances are amenable to penetrate a
keratin substance so as to remove an abnormal component;
25 other substances include acetic acid, propionic acid,

butyric acid, trifluoracetic acid, monochloracetic. acid,



ot her protein denaturing agents. However, unlike

formc 5 acid other considerations are relevant such
w@goosostoed ty and in the case of reduci ng ageneGI/AL2007/000879

fact that the structure of the keratin sanple 16 can

be substantially destroyed by 12he application of the

reduci ng agent. In contrast formc acidis a swelling

substance 14 which may not destroy the 10 structure. ..

of w%lé?ciiﬂi%@aniﬁjéj'16dé¥‘?%1?y]ap6f’i¥%%rf”r%‘?f. PPgure-g" todides

shows the use of a specific swel|ing substance 14, .

f or sedgiveprRBéee of o oﬁr@ﬁ“*%ssg&Fng%n %&%?%%ge’ pre

plurality of different keratin sanples 16 ta yield a

15 de¥ v Tomentedl sq;bsP“é%cewféhl?ﬁéyﬁF{ﬁrtaﬂqﬁtya8 urea or

different keratin sanples 16 can be taken from

pl uoBhéx y Pobtedh f fdaneitr HRFMEICRTSs pii By ST Wfike formic

Al'ternatively or additionally, the plurality of

8i f ser@mtiest aohaisanptedsl6:Cafep8VERk e O rigin O¥ 1LY and

subj ects 11 who are suspected to have a plurality of

20 i f tiee emtsarthotesicdar §9av@%.t%ef%trif§ﬁtoﬁ§¥% [y bructure

swel | ing substances as disclosed in Figure 2 and the

var bat tomske rriker tdwplsarsl 63718 agubaial Gded iGpstroved by

Figure 3 (two are shown but nore can be 25 envisa%ed)

canthe aseli¢dicternd fyhea Jriudied &9edapabfl it P a formic

particul ar swelling substance 14 or a particular WO

2008+ 09002 0a PET¢ NROD 73 0008Nge 13, Whéﬁgcé‘ﬁﬁ’i Bl dgsitpoy  the

a given keratin sanple 16. For exanple if
10 structure of a keratin sample 16 arter application.

Figure 3 shows the use of a specific swelling substance 14,
for a given mode of operation in -association wifh a
plurality of different keratin samples 16 to yield a
15 derived chemical substance 18. The plurélity of different
keratin samples 16 can be taken from a plurality of
different mammalian species. Alternatively or additionally,
the plurality of different keratin samples 16 can be taken
from subjects 11 who are suspected to have a plurality of

20 different pathological states.

The variations in swelling substances as disclosed in
Figure 2 and the variations in. keratin samples 16 as
disclosed in Figure 3 .ktwo .are shown ﬁut more can be
25 envisaged) can be used to identify a particular capability

in a particular swelling substance 14 or a particular



a given swelling substance 14 such as formc acid was

known to renpove an abnormal conponent froma keratin

W@ 209pl0@0026 during a particular concentration PENgE2@MA00879
a particular 5 sub-range of the concentration was :

shown to yield a signifi cant 132 improved result then a

new availability in the formc acid could exist.

Simlarly, as seen in Figure 3, for_a gi wel | i :
10 $FSPEAe 114y Havi iy np%netr%ﬁ?a?amone\églrwkt'f\gﬁro%gglgple t

systematic variation in the types of kerati. I
16 ool arekos8 BURAUR 1) PREY BT S PA reunar > o

type of keratin sanple 16 to a swelling suybst.a
such aBeRethi &" &RPOTTAS “Aorb‘?aorrieln%ul a{:romsgascg%]tg‘%tgllr}lc ie?%/m%le Lo

wll occur if a keratin sanple 16 _is known t i el
corfisiov e? r 8&tFt SR s SORT AT TG * Ot trﬁ"‘ngegi%/nedg %ggggiwlar

operation and a given swelling A substance.l4 th .

I eatPTEER | Rpr o%%%en‘for}%%ﬁg&??ci‘ﬁ/s or°BBy™ B yiewd a
sensitivity of a diagnostic test to look for _the, ,... .
pr eslede Lcanti He ABABY Al r@éHan@&?F.n The Y uPAF Tt oY 1P
different keratin sanples 16, shown in Figure 3 can

i ncihrde camiker aci @ Samsl €*18%t aken froma 25 subj ect

11 who is suspected of having a pathol ogical state

whi ch can include one or nore cancets or pathol ogi cal

WD 2008/ 000020 PCT/ AU2007/ 000879 '

Similarly,» as seen 1in Figure 3, for a given swelling
10 substance 14, having a ©particular concentration, a
systematic variation in the types of keratin samples 16
could disclose a susceptibility of a particular type of
keratin sample 16 to a swelling substance 14 such as formic
acid.
15
A particular susceptibility will occur if a keratin sample
16 is known to yield a conclusive result in association
with a given mode of operation‘ and a given swelling
substance 14 that leads to an improvement in specificity or
20 sensitivity of a diagnostic test to look for the presence

of the abnormal component.

The plurality of different keratin samples 16, shown in
Figure 3 can include a keratin sample 16 taken from a
25 subject 11 who is suspected of having a pathological state

which can include one or more cancers Or pathological



14 states such as lung cancer, Creutzfeldt-Jacob
di sease, mad cow disease, infection (bacterial,
wa@pooalopooer a Prion or nore generally by ot her p@yan2@y/000879

a netabolic disorder (which can include diabetes), or
alternatively hepatitis, 5 heatt disease or |iver
dysfrnction. Further, without I|imtation the keratin
sanple 16 can include Keratin Type |_ and Keratin Type
1. SH G SYs Rows &Y SHBGAFMeRTCBF 2T HE tdpRod Fapes o mad
detecting 10 the Eresence of a pat.hol ogi cal state én.

a ricocn oOr

whi €9 adgPeif: sWBFPFhPSubRiGce 24 a rgi Ven
keratin sanple 16 are wused in assqciation with a .
pl URelS t PeFETAL Y erBht APBEs 3T ietrhods BITTY i §gRoFdeT
between the data 22 and a second gr oup of data 24 - . .
cont@iifdd Fan t HeCYuier &irke t@sl abde 25 afgvﬁzytgepatltls’
produce an inprovenment in specificity or sensitivity, .
of herrtetHER26F aral yZitHgTt h@YREF%?‘?WDsamﬂué‘t%éF s Thyithout
plurality of different conparison's 23 shown in Figure |
4 Yiwigadriens Rbank PRt iHoreean b BRVi syt &gFatin Type I
without limtation include variations in the node of

- opexnt iksragin20vRhiel ret hod of anal yzing a keratin

" sanpl e including spectral analysis or the use of
pattern recognition conputer prograns. An advant age
of the present enbodinent is that if the 25 abnornmal
conpionerst 4 sshewsept PRPOHENRY | Vedtehefipbpd for detecting

10 the presence of a pathological state in which a given
swelling substance 14 and a given keratin sample 16 are
used ié association with a plurality of different types of
methods of comparison between the data 22 and a second
group of data 24 céntained in the reference database 25 so

15 as to produce an improvement in specificity or sensitivity
of the method of analyzing the keratin sample 16. The
plurality of different comparison’s 23 shown in Figure 4
{(two -are shown but more can be envisaged) can without
limitation include variations in the mode of operation of

20 the method of analyzing a keratin sample including spectral

analysis or the wuse of pattern recognition computer

programs.

An advantage of the present embodiment is that if the
25 abnormal component is present in the derived chemical

substance 18 then the derived chemical substance 18 can be



substance 18 then the derived chem cal substance 18

can be WO 2008/ 000020 PCT/ AU2007/ 000879 15 further
wapasyamed f or the purpose of identifying the nBCTAB2000000879

t he abnormal conponent so as tg_provide a health care

practitioner wwth nore informa??on about the

pat hol ogi cal state. If the abnornmal conponent is a

trage. ngt.al a&aﬁ?ﬂ R %togmtﬁea9§9f59§é Ofr SPLLITGSGORY tBE nature

| CP- nass spectronetry could be applied to the derived

CheE‘]fC@ SHBI%E?IH&P (]:?IPEE enctorgd régtgg B?BU{@e of ngﬁth care

abnor mal conponent. abnormal conponent in

der%xﬁ& Cél%me(fal 1 %b%&récgr;&fnétlgnpra%%@tn'th@ pafthologlcal

car rate atty acid or nore generally 10

or gg{“ & or &?I %nda%ﬁﬂﬁl b@cﬂﬁ/ %Qltbelg ali Se&a%a'Mal then

t he” abnor na conponent en a p urality of di fferent

teCzP{]olm UesS ?3%89 @?oﬁ’\és % Lrgggg%ﬁn%gSII%P xﬁé—é?’a‘s%rectrometry

|na|on asascan e used in an attenpt

to o&acfagtemflé €. gbteg% mal, ¢OUROnEnt; AN ¢ ;@anrae 18 to
ec ron

i nstarices, 1gme’ﬂJ no- el m croscopy can be used

in an ttem%eto |dent|fy H?%t or ol géq?ﬂrggtlnlf the

thec?<ré i n S&npl'e Wit hou e nee e use of

the_derived ch | . t
obt%]?rhoerélvﬁl fcgfnﬁonganor rra%S %oﬁ%%%%n%h?@%gxgg?%ée%ceb%s Lo

with genetic material (being 20 heredi.t n u
or %Cgﬁ?*?eeld'lrby arb?h Vltleéll fh%t'y) ac%dyolr b3k ggnerally

10 of organic origin and an antibody can be raised against
the abnormal component then a plurality of different
techniques such as Western blot analysis, ELISA or cell
agglutination assays can be used in an attempt to
characterize the abnormal component. In certain instances,

15 immuno-electron microscopy can Dbe used in an attempt to
identify the abnormal component in the keratin sample 16
without the need for the wuse of the derived chemical
substance 18 to subsequently be obtained. If the abnormarl
component is associated with .genetic material (being

20 hereditary in nature or acquired by way of .a viral vector)
then an amplification technigque could be applied to

determine the sequence and conformation of the abnormal

component.

25



then an anplification technique could be applied to
determ ne the sequence and conformati on of the

W@hkwwsnamko conponent.. 25 WD 2008/ 000020 PCT/AU2007/000879
PCT/ AU2007/ 000879 16 |In use Figure 5 shows an
enbodi ment of the present invehtion in use. In Figure
5 a keratin sanple 16 can be collected from a subject
at nqﬂg;nacy 26 . The keratin sanple 16 can then 5 be
se A tgsting IaboLatory 34 so as to performthe
met ho or_detecting t resence_of, an_abnor mal. : .
conptHEf i APt ﬁ%r Fﬁﬂgéﬁﬁ$7e016ggg §resengaﬁnven%fon o

een |1 I gur

1. Atest kit 28 can be obtained so to yse t t
i 9% 0 ety Png TREet hoa ore dat 66t o s lREEel crom

subject's honme 30, in associatjon wth, consul.tation

of 1 HPSteet’ & RBAFTHY Bt e prackPErbher> T8t télé S then
a health care clinic 32. Alternatively, wthout the

edtF oFSBE hbfie ot 4SE ERE JEGCEEtor 15 11 SCarf Vi f { PRF &7 the
or her health care clinic 32 so as to rovi de the
kerBttheds 4175l SE6CETRE hBRI PRERIE (14 rfitt B C7Egn component
performthe nmethod of anal yzing the keratin_ sanple 16

t hels diNPe&eEAtR PMRYS Hér 2SpPeflried *GMB6di nent t he

health care clinic 32 can obtain the keratin sanple

16 fromthe 20 subject 11 so as to forward the keratin

sanple 16 to the .
A test kit 28 can be obtained so as to use the test kit 28

10 embodying the method of detection at the subject’s home 30,
in association with consultation of the subject’s health

care practitioner located at a health care clinic 32.

Alternatively, without the need of a home test the subject
15 11 can visit his or her health care clinic 32 so as to
provide the keratin sample 16. The health care clinic 32
can perform the method of analyzing the keratin sample 16
themselves or in a further, preferred'embodiment the health
care clinic 32 can obtain the keratin sample 16 from the
20 subject 11 so as to forward the keratin sample 16 to the

testing laboratory 34.

Whilst the embodiments above have Dbeen restricted to
members of a mammalian species, it 1is conceivable that any

25 animal which exhibits keratin changes that are causatively



testing | aboratory 34. Wil st the enbodi nents above

have been restricted to nenbers of a mammali an
wGep@sioe®20it is conceivable that any 25 ani mnaPCmAUZIv7/000879

exhi bits keratin changes that are causatively WO

2008/ 000020 PCT/ AU2007/ 000879 17 47 linked to the

presence of pathol ogy can be the subject of testing

using a nethod according to the present-invention.

Fur L beke Enbodire nPr&sagarfic PRGNG I PEBaCABNPeof RpgSpPIect of

Fibers It is known that imersion of hair -fibers in

or gané eimtiws ngs achetlod GrarPrsdaed dtand adeerenhct oV et on -

cause themto swell in dianeter by as nmuch as 50% and

this effect can be reversed by rinsing in water.

.Bllackburn and Lowt her 10 (Bl ackburn S and Low her AG

The action of organic acids on sone fibrous proteins:

t he_oxj dation of wool keratin. BiochemJ. 1951;

49: Bemthar Fmbodimant gt a snal |l amount of  protein

coul d be extracted fromwool fibers by treatnent in

either formc of_acetic acid_at omtenperature. This
15 _Srﬁs_ﬁ‘fb’lfoIr‘{lc‘):d‘f/’TL \&\'égag?)eprfcti é’g ?81’3’(5%}%?3 “hair fibers from
i ndi vi dual s of known pathology to determne if the

ring_ observed Sy.nch - . ,
Sea ‘i:e+s (}gx\s%%) tg¥at yl%eEgiggnofr%éJf%%e%g( 1IrDia36r anlg acids

hal'r, “speci € presence o
br east Cancﬁ#r}n&%oglcdd baer%% raec%t%\é%d aQXd égrq hcéx[seea%ﬂlt to swell

Hai 7Y% 58 s m Subj ects Wi
in diameter by as much as 50% and this effect can be
reversed by rinsing in water. Blackburn and Lowther
10 (Blackburn S and Lowther AG. The action of organic acids on
some fibrous profeins: the oxidation of wool keratin.
Biochem J. 1951;49:554-9) reported that a small amount of
protein could be extracted from wool fibers b& treatment in
either formic or acetic acid at room temperature. This
15 methodology was applied to several hair fibers from
individuals of known pathology to determine if the ring
observed by Synchrotron Small Angle X-Ray Scatter (SAXS) of
hair, specific for the presence of breast cancer, could be
reﬁoved by such treatment. Hair fibers from subjects with
20 breast cancer were immersed in an 85% (v/v) solution of
formic acid or in glacial acetic acid for 3 minutes at room
temperature. The acid was then decanted and replaced with

several changes of Milli-Q water. The fibers were allowed

to dry then mounted into a sample holder for exposure to an



20 breast cancer were inmmersed in an 85% (v/v)

solution of formc acid or in glacial acetic acid for
w@20msnui0ee at room tenperature. The acid was POEAU2007/000879

decanted and replaced wth several changes of MI1i-Q

wat er. The fibers were allowedl8to dry then nounted

into a sanple holder for exposure to an V\D 2008/ 000020

PCT/ AU2007/ 000879 - 18 X-ray, source. i egl Aipese

WasXchtY ecO8dfor hese 1MRAT r F28ai PoT | bc ef:ﬁsg ViETe

taken fromthe sane individual and 5 subsequently

treb@éﬁswth formc and acetic acid showed either

significant reduction or conplete renoval of the ring

in the zone of interest in the SAXS image. A typical

exanple is denonstrated in Figure 6. Figure 6Ais a

SAXS inmage of a hair from an i ndi vidual with breast

cancger . Fi es 6B a re SAXS an
i bEFEEf %?ﬁrts%gh iaﬁ%r VI dua ég% gtar ea??r&g%{]lgm@é% d
acetic acid respect eI I n
%eeﬁ‘a??%?flfeﬂjf tFﬁﬁg%i "f%%’t %Otr He rané |cr$Eyc tlﬁeta(z:gﬁes o?wed
interest is significant h f t

Wi tﬁl%h?%eﬁlgé’&%&céﬂa he Ctlgucﬁgléorﬁr eat | g(,gﬁ 5’% “he

used as a tool to inyest.i the L ch
i n FhY fihdadsBEi 8t e W el'? tﬁ% B?%g%%(r:éeg br‘{im"%?plcal

Cangsz—gmp Vé\o1250%%/rngggglz‘gbe%q/*ﬁy%ggzé 09.08E71gure 6A is a SAXS

image of a hair from an individual with breast cancer.

10 Figures 6B and 6C are SAXS images of hair fibers from the
same individual post treatment with acetic acid and formic
acid respectively. It can be seen from these images that
the ring in the zone of interest is significantly
diminished after treatment with either acid and hence such

15 treatments may be used as a tool to investigate the
underlying change in the fiber associated with the presence

of breast cancer.



19 CLAIMS 1. A nethod for detecting a presence of an
abnormal conponent in a keratin sanple taken froma

wa@ adpgmeto20 suf f eri ng from a pat hol ogi cal state PCT/AU2007/000879
conprising the steps 5 of: a) exposing the keratin '
sanple to a swelling substaneel8o- as to penetrate the
keratin sanple thereby producing a derived chem ca

- substance; 10 b) obtaining data fromthe derived
chefFRBYS subst ance; c) conparing the data obtai ned
fromthe derived chem cal substance with a second
group of data contained in a 15 reference database so

~as to iAMemeithgdt heehr SGFCE 188 the PLASEIFARl Ctorffbnéfrpermal
in the keratin sanple; whereby detection of the ,
abnBPARANEGpERent | KeEGHdRst BATPLIS tHrkeTpr €éfce 2of SuPIect
t he pathol ogical state in the subject. 20 2. The

net Potf F1o0madefeut | ag PERECOpPELEhteSbEtanCaBRbE frdld the steps
conponent in a keratin sanple as recited in claim1l
fshee®In  the swelling substance includes formic acid.

WO 2008/ 000020 PCT/ AU2007/ 000879 20 3. The method

for detecting the presence of an abnornal

a) exposing the keratin sample to a swelling substance so
as to penetrate tﬁe keratin sample thereby producing a
derived chemical substance;

10

b) obtaining data from the derived chemical substance;

c) comparing the data obtained from the derived chemical
substance with a second group of data contained in a
15 reference database so as to identify the presence of the

abnormal component in the keratin sample;

whereby detection of‘the abnormal component is consistent
with a presence of the pathological state in the subject.

20
2. The method for detecting the presence of an abnormal
component in a keratin sample as recited in claim 1 wherein

the swelling substance includes formic acid.



conmponent in a keratin sanple as recited in any. one

of claims claim1-2 wherein the second group of data

W0 soosoareel ated with the presence of the pathoPomgAt007/000879

state in 5 the subject. 4. The _nethod for det ecting

the presence of an abnormal ~céfpdnent in a keratin

sanple as recited in any one of clains 1-3 mherelg

the s d d .S cau iV ssocl ate

W Th The prosanbe oF ho*5aifal sorcd SeAs (% 10 L

subj e f or cti_ng the presence_o -

an%@%%?erm Igorfgg%g%%tllnn 3 Igé?%t % sanp tgedgs”r1 eCited”s ©*

in n f. _clai -4 .wherein the swellin .

suggtgé%%eecll%lénel gc% g?‘?err%ﬁww; jé%?urséﬁcl nyal\ﬁfgra}lgf etentdata 1is

S | S ce 15 6. The nethod for. detecting

tﬁEL%#§%§%%€ %?ﬁéngg n f?&ﬁna%o%%oggﬁtFﬁﬁhg?ﬂ%ﬁ%ﬁ%rﬁtate in
a e.as recited in any one of clainms 1-5 wherein

t§hgp e?givﬁgganple is selected froma plurality of
different keratin sanples. 7. The nethod for detecting

the. presentael an ABOLIAL; 20 £OMONCL LN 3 KeraLin, .,

sanple as recited in any one “of  cl ein

thesseead oroup of data L?Sarggg{egfgggr;e%ggfagdgggggw e of

of difrerent data groups :
PQELﬁ&@QQﬁLPQ@é&‘in2¥h?'s£ggngeggggpf%% %g%gcggn%a£ggtively
presence of an abnornma

associated with the presence of the pathological state in

10 the subject.

5. The method for detecting the presence of an abnormal
component in a keratin sample as recited in any one of
claims 1-4 wherein the swelling substance is selected from a

plurality of different swelling substances.

15 6. The method for detecting the presence of an abnormal
component in &a keratin sample as recited in any one of

claims 1-5 wherein the keratin sample is selected from a

.plurality of different keratin samples.

7. The method for detecting the presence of a&an abnormal
20 component 1in a keratin sample as recited in any one of-
claims 1-6 wherein the second group of data is selected from

a plurality of different data groups of data.



conmponent in a keratin sanple as recited in any one of
claims 1-7 wherein the derived data and the second
‘wQe@spowdo data are anal yzed using a pluralityPoOf/AU2007/000879
di fferent nmethods of 5 conparison. 9. The nethod for
detecting the presence of an-abhornmal . conmponent in a
keratin sanple as recited in any one of clains 1-8
wherein, in use, the keratin sangle can be ohtai ned a1
an¥- aRAPy ZEFHOR as¥ocPREEON A t A&t PFESEP BNE 0f 2 TGRO™™
pharmacy, a test kit, the subject's hong, g heal t h £
car@pElengi cimnd akerestitngS b6 aBdr yFSC1GSCA et ABY °7¢ °
for detecting the presence of an abnormal conponent - £
i nckeiker dtin Woarple EBRAPRFEITRS tdRFastagys the second group ©
substantially as illustrated and described in the bod
of datls arve aperizEicaBina. almlu%@%t%odlff&rer&&teﬁ‘ﬁﬁéds of
the presence of an abnormal conponent in a keratin
sanphrdaceordi ng to any one of the above clains
wherein the subject is selected fromthe group

consi sting of a human, and an anj nmal .
9. The method for detecting the presence of an abnormal

component -in a keratin sample as recited in any one or
claims 1-8 wherein, in use, the keratin sample can be
obtained and analyzed in association with at least one of a

10 pharmacy, a test kit, the subject’s home, a health care

clinic and a testing laboratory.

10. A method for detecting the presence of an abnormal
component in a keratin sample comprising the  steps

substantially as illustrated and described in the body of

15 the specification.

11. The method for detecting the presence of an abnormal
component in a keratin sample according to any one of the
above claims wherein the subject is selected from the group

consisting of a human, and an animal.



