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megakar octe or platelet cell lineag in the sanple or
prgductyt hgreof 29 April 2005 WO 02/2@119 1 PCT/ GBA /04806 DI AGNOSTI C

METHOD The present invention relates to a new nethod of diagnosis for a

transm ssibl e spongiform encephal ppag m§ﬂ§§ﬂb"1® prion disease. 5 A
conpr ehensi ve overvi ew of TSE bi ol 6gy can be foumnd 1 n published review
f or mat The present invention relates to a new method of diagnosis for a transmissible

. sponglform encephalopathy (TSE) or a prion disease.

5 A comprehensive overview of TSE biology can be found in published review format

. (Prusiner, S. B., Proc. Nat'l Acad. Sci. USA 95 13363-13383 (1998)) and/or on the
internet (http://www.mad-cow.org). Transmissible Spongiform Encephalopathies )

(TSEs) or Prion diseases are a gipup of invariably fatal disorders of the central

. nervous system (CNS), which manifest via genetic, infections or si)oradic

10 mechanisms: They include Scrapie in sheep, Bovine Spongiform Encephalopathy

(BSE) i cattle and Kuru, Creutzfeldt-Tacob Disease (CID), new-variant (nv) CJD,

Gerstmann-Straussler Sheinker Syndrome (GSS) and Fatal Familial Insommia in

‘: humans. TSE diseases also manifest in other species such as elk, deer, mink, cais

(FSE) and exotic zoo species such as Nyala, Aral;ian Oryx, Cheetah and greater Kudu.

15 Chronic wasting disease (CWD) has also been identified in deer and elk and it has

been suggested that this could also be transmitted to humans.

The TSE diseases are characterised by Iong, asymptomatic incubation periods
followed by a relatively rapid climical course frequently consisting of
20 neurodegeﬁeraﬁon, vacuolation, glial cell proliferation and the deposition of protease-
' resistant Prion protein® (PrP°), an abnormal isoform of a host-encoded glycoprotein,
PrPC. Conversion of nommal, proteinase K-sensitive PrP® into the abnormal, _
- proteinase K-resistant isoform, PrP, is a frequent charactensuc hallmark of the TSE
diseases.
25
Currently, in the United Kingdom, there is considerable interest in TSE diécases as a
result of the BSE epidemic and the subsequent emergence of ﬁew-variant CID in
humans; a TSE disease thought to have arisen from BSE and to have crossed the
species barrier into humans as a result of BSE-infected tissues entering the human
30 food chain. It is probable that the vast majority of UK citizens have been exposed to
| - the BSE infectious agent. In addition to the problem of natural scrapie in sheep, there

is great concern that BSE may also be harbouring in sheep at a sub-clinical
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sui t abl e di agribssgsee There is therefore no effective pre-mortem diagnostic means of assessing

TSE infection. An ideal diagnostic method should therefore be non-PrP*-based, and

20 would allow assessment of potential TSE infection in easily accessible'tissues such as

blood. Such a diagnostic test would ideally allow assessment of TSE infection in live

" individuals at an early siage such that therapeutic intervention strategies couid be
implemented.

25 There have been several published reports of genes whiéh are differentially expressed
in-CNS tissue of TSE-infected animals. However, to date, there have been no other
reports of differential gene expression in spleen,. bone marrow or blood of 'I"SE—
infected animals. Although blood from TSE-infected animals has been shown to be
infectious and the PrP® protein has been demonstrated to be expressed in several

30 hematopoietic cells there has been no recognition prior to the present invention of the

" connection between ‘erythroid hematopoietic cells and TSE patﬁogenesis. A
comprehensive summary of present TSE diagnos'ﬁ—c efforts can be found on the
internet (bitp:www.mad-cow.org/00/sci_archive frame html). '
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20 T ransmissibla Spongiform Encephalopathies (TSEs) or Prion diseases include Scrapie
in sheep, Bovine Spongiform’ Encephalopathy (BSE) in caitle and Kurn, Creutzfelcit—
Jacob Disease (CJD), new-variant (nv) CID, Gerstmann-Straussler Sheinker
Syndrome (GSS) and Fatal Familial Insomnia in humans. The TSE diseascs are
characterised by the deposition of Prion protein (PrPS°) an abnormal lsofonn of a

25 host-encoded glycoprotein, PrP¢. Conversion of normal, proteinase K-sensitive PrP©

into the abnormal, proteinase K-resistant isoform, PrP™ is recognised characteristic of
a TSE disease. '

For the purposes of the present invention the term TSE-infection is used equivalently

30 to the term TSE disease condition. The exact means by which a TSE disease is :
' transmitted is still the subject of scientific controversy. Experimental animals can be
"infected" with a TSE disease in the laboratory. While the clinical manifestations are-
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20
Hematopoietic cells of the erythroid lineage, include pluripotent stem cells, myeloid
stem cells, CFU-GEMM cells (Colony-Forming Unit Granulocyte / Erythrocyte /
Monocyte / Megakaryocyte), BFU-E cells (Blast-Forming Unit - Erythroid), CFU-E
~ cells (Colony-Forming Unit - Erythroid proerythroblasts), reticulocytes and
25 erythrocytes. - The hematopoietic cells of the erythroid lineage are shown
schematically in Figure 11. '

A unipotential hematopoietic cell is a celi committed to a single cell lineage; a

. bipotential hematopoietic cell is a cell committed to one of two possible cell lineages,
30 for example the E/Meg or erythrocyte /megakaryocyte cell which is capable of
differentiating along either the erythrocyte or megakaryocyte cell lineages; a’
tripotential hematopoietic cell is a cell committed to one of three possible cell

~ lineages.




~urine, tears, mlk, semen, nucous secretions, tissue or I es,
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Hematopotetic cells of the mekaryocyte and platelet lineages include the E/Meg
precursor cell, the megakaryoblast and the differentiated megakarocyte or platelet

cells.
10
Methods in accordance with the present invention may therefore be directett to an
assay for one or more .of the above cell types .of the hematopoietic erythroid,
megakaryocyte, or platelet lineages or expression products associated with one or
more the cell types of the hematopoietic erythroid, ‘megakaryocyte, or platelet |
15 lineages.

One expression product assrjciated with the cells of hematopoietic erythroid lineage is

Erythroid Differentiation Related Factor (EDRF).. EDRF is expressed in bipotent cells

capable of proceeding through erythroid or megakaryocyte lineages or E/Meg cells,

20 blast-forming unit (BFU-E) cells, colony-forming unit (CFU-E) cells, proerythroblasts

(rubriblasts), early normoblasts (basophilic erythroblasts or prorubricytes),

. intermediate erythroblasts (rubricytes or polychromatophilic eryihroblasts), late
normoblasts (met'ambﬂlcytes_ or ‘orthochromatophilic erythroblasts), includjng: '

haemoglobin-ﬁbsiﬁve nommoblasts and reticulocytes, ie. cells throughout
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-
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In a preferred embodiment of this aspect of the invention, the method of diagnosis
comprises assaying for the number of cells of the hématOpoietic erythroid,
megakaryocyte or platelet lineages that express EDRF. Such cells can include, but are
not limit_ed to, B/Meg, CFU-GEMM cells, BFU-E cells, CFU-E cells, proerythroblasts,
25 basophilic erythroblasts, polychromatophilic. erythroblasts, orthochromatophilic
. erythroblasts, reticulocytes (primitive erythrocytes). The depletion of a cell lineage -
nommally expressing EDRF is indicative of 2 TSE infection (or TSE disease condition)
in a subject. The depletion of a cell lineage is in relation to the numbers of cells of the
class assayed for which are present in non-infected individuals, in other words a
30 significant deviation from ﬁie normal numbers of particular cell. A normal Tange can
" be identified by assaying a statistically relgxfant population of healthy non-infected
individuals. : '
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erythrocytes). The depletion of a cell, lineage nornally expressing EDRF
is indicative of a TSE infection (or TSE di sease condition) in a subject.
The depl eti on QOfoiere8hresdidd RS thy bd [ whfnt S LLs of
the class assayed fgé v%dlncr}‘lt:l ar eﬂnggslé%\etﬁl db%gn-l %f%%t@ﬁ%%l‘\’/?gfpg g‘?n}n

ot her- wor ds a sB0jests gmifdringdimin &l ESTE atfedionfar AISE dieaseoramditionunber s of
particular cell. A normal range can be identified by assaying -a
statistically relevant popul ation of healthy non-infected individuals. 29
April 2005 WO¥3/ édskfenRal /JBB0Y QA80&s ih ANGRPRS PP bESSInGsH i Kein %_be
haenogl obi n which al so appears to be def)l eted’in Subjects sufferi %g rom a
TSE i nf ecli on cgRVeRmt gediwds Fa sramplep aell Fvabers e be mssayed fusivg [ fluomesndiees i n
a sanple may : i L iQg. any-_5 _caonveni ent hod. F exanpl e,
cel | nunbers %gtl}l Ee %"g‘gsé’%}& @dr%’ %aﬂu%%]é:gfél ggoya FWQ&@B%@FP&@MI}% g
(FACS); manualGeimssWrizght higtolergssain. o fAlRpRevElyCatehbtes haémstolo@y Gmalysers can

Gei nsa- Wi ght _histqlo stain. Alternatively, autonated haemat ol ogy

anal ysers can PepiSeds ¥lichnra, beaset e seimt  mrabsnh iofnhemaiproieiic keHnt 8ishi as i ¢

cells, such agryiRk ' S LNV ED < .
www. nul t enyi bi%ot ecﬁ:tcl?)sr rr)8 fy%t?-ﬁllogﬁg% ggh%g%gg%%ﬁeb%'é{lg‘é]ﬁ@é@%ﬁém}iurlwto]esra]%cf
cel I's inlta sappsstbledd nspess themmtaber bf celfsoin ® xangit msingoahémstbyrity $adefaaiple -

measur enent of ervi-hrogyte nunbers, cked cell vqlunme etc. _Another nethod
to estimte tA g?e%o T SRGEuReRT gggfﬁ}émf’ et‘ﬁ‘“&ﬁﬁ daekest edh Vel elgar r ow

in a sem - sol ol nteodtCrimbte T MitnbECb popdior 3efls RASIE, BRLGBbES- 15
The identification of hematopoietic cells of i'ntferest using an antibody can
use a nodifi W@ia@ﬁmbﬁoltd?meﬁumi ot ps nfethryl eolnigsie candrcoantingomdoniesonj ugat ed
with biotin, or wth an antibody |abelled with a fluorescent marker. Cells
that are positive for the antibody of interest can be separated using

f1 uor escience- bt idaitifidatial bf SembtopeicicAEID of iftbRwe ﬁéih?%t Etibelly BRANGEI £
bead separation thod .as convenient. For exanple cells 20 of the erythroid

li neage can b&9 Yersionsef tisiapbashy, ftexpwnly 2 Hbedy eorugatnd with biotint Pbody
whi ch can be Qﬁﬂipérpﬁltﬂagdf l&gllmtﬁ.% o EdcSht ARAEL Y Ce§§ h?agg}tleflﬁéﬂtgveafoﬁ Q1 ol

or normal ‘popul ation value is possi usi ng standar gues of sanpl e

col | ecti on andnidhedy pfirdcrest can bxsapptated sirgnfcoésogneeantivaed 31 syting GRACS),
Standard stat gl & RmdF Gt aeR b S2pardis mefhod o SonveSient For eximle cals

.20 of the erythroid lineage can be identified using an antibody such as the TER-119
antibody which can be coupled to a suitable reporter moiety.

S

Establishing a control or normal’ population value is possible using standard
'tgchniques of samﬁle collection and analysis, for example , haematology and/or
25 cytology. Standard statistical techniques can be used in-order to define meamngﬁll
average values for a population which may require taking into account factors such as
age, sex and/or genotype, and may be based on an uminfected individual or a -

population of uninfected individuals.

30 A recent comparison of blood counts in verious, fingertip and arterial blood (Yang, ef
al, Clin. Lab. Haem. 23 155-159 (2001)) established that normal blood cell popu}atioilr

counts in a defined human population were as follows:



average values for a popul ation which may require taking 5%%%ﬁﬁﬁﬁﬁunt
factors such as age, sex and/or genotype, and nay be basé€ n an

uni nfected individual or a population of uninfected individuals. 30 A
recent co [ of blood counts in venous, fingertip an rteri bl ood
(Yang, etWBQP?Bg@%. Lab. Haem 2.3 15%-159 (2001)) establﬂgﬂg%ﬁ¥h§?ﬁnornal
bl ood cell population counts in a defined human popul ation were as -
follows: 29 April 2005 WO 02/37119 8 PCT/ GB0O1104806 Leucocyte count6. 89
(+/-1.74) x 1Q cRedcyld dotRt EY YU NT-OCYT € COUMEe dipol- : : e
Pl atel et count 222y%+/- 35) x 10 per IitreL6 e q'%ﬁin C ﬁcéﬁiration14.3
(+/-1-4) g/ dlj Hrptheocpteausntr ed enbodi nent  of} 414 (&la}smegtloﬁpdrhmei nvention
t he: net hod. of “%"gﬁOSTS eonpr-ses—assay-jg_fortherglative concentratjon
of EDRF in sarﬁlﬁ‘g‘?‘ﬁ’a’%di ng célls of the  Herktoge) iy @eelifenr oi d, -
megakar yocyt ¢ IlemBbRbRl QncedialGRUCS L hat . G4 @5 - N
Mol ude but L e O eq. CH LM EAYE. BrUE coll 5. CFUE
cells, proerythroblasts, basophilic erythroblasts, polychromatophilic

eryt hr obl ast ort hochromat gphi li ¢ _erythrob t.s, reticul ocyte rimtive
er);i_t hr ocyt Zs?@ﬁéﬂﬁ%ﬁ?@&@?@%? I"fc)ﬂ’éﬁ }éﬁpéft_s?fl %Eélslﬁ‘ﬁ?gp’élcﬂlgd’ée 0 . pﬁf:l,oséﬁ Y
muri ne, hum@oﬁﬁﬂse@@s@a?ﬁxg@%he Al five R nirktidn &_‘#}I@%ﬁéﬁ%‘?}pﬂﬁdﬂﬁﬁé'ﬁ%i& on

am no acid 10 sequences are shown in Figure 4 ve conc
of EDRF can béwbeagiensiall efytheeid) wegakaryeada or miatelbklibeped thabéxprRRIERBS ei n

in th I hadi |y Jhy . UsSi ..B I I f. MRNA
encod: ng SEbRe i S PAS ffdek 1 o of Fetet 1 EPE s e U catocel | <
in the sanpl e CFN-Eedtlls) ijrdegﬂh@métg ObasEEIRfc | rbf&thﬁ’bla%@ﬂg.lpglyicﬁmh% hatd Ve

I S J

of TSE i nf ecti&gv or' a TSE ease_condition) in . a subject. educt 1 on
in expressi on®NEyeblasts,s | orthoghemataphilis + herylrghlestsi ometiarlasiytes whi(ptimatives
present, in @ﬂzﬁir' t Lhadi Vi or ral can be identified by
assaying a statl g‘%}ftc { yg%%)vgﬁg%lﬁ}dﬁﬁgﬁo;ﬁgfﬁ‘%g%ﬁg%ﬁeﬂf?ﬁgqsn?gﬁu?&e’_

i ndi vi dual s. Buméthend dievgroEDRF ares shysvic n Figure| 3/ and ke $56liaéd amtihdoies to
EDRF whi.ch can be 20 polycl.onal antjbodies or nonocl onal ant.i bodi es.

Pol ycl ordl anfﬁqﬂﬁmeégfeéglﬂ%ﬂéﬂ e wativg icansengatione i EDRE eur be awayad a-

Bt ke diOS ) | . . L _
sui tabl e ani NBiredi9Yy rhGasfrinAhEMARE of FIIRF 5 531?‘3% ﬁ*gg‘g?gfemhhmﬁﬁﬁf’ﬁ’ﬁlﬁ%_

chi cken, goat_or nonkey) when the substan sent  1nve
i nj ected i nt oFPRE iV4vep maasurn devebssdmyRYA edpding BDRI whivh jadwiicatisé of dik

together wi t'h1e§€1%f EDRY expression in cells in the sample. A reduction in levels of EDRF in the

sample is indicative of TSE infection (or'a TSE disease condition) in.a subject.
15 Reduction in expression levels is in relation to the expression levels which are ﬁresent .
in non-infected individvals. A normal range can be identified by assaying a

statistically relevant population of healthy non-infected individuals. -

Further diagnéstic assays can involve the use of antibodies to EDRF which can be
20 polyclonal antibodies or monoclonal antibodies. Polyclonal antibodies can be raised by
stimulating their production in a suitable animal host (e.g. a mouse, rat, guinea ﬁig,
rabbit, sheep, chicken, goat or monkey) when the substance of the present mvention is
injected into the animal. If necessary an adjuvant may be administered together with the
- substance of the present invention. The antibodies can thén be purified by virtue olf their
25 binding to EDRF or as described further below. Monoclonal antibodies can be produced
from hybridomas. These can be formed by fusing myeloma celis and Sple;en cells which
produce the desired antibody in order to form an immortal cell fine. This is the well
known Kohler & Milstein technique (Nature 256 52-55 (1975)).



substance of the present invention. The antibodies can thgg 2)& ﬂiﬁ%i fied by
virtue of their 25 binding to EDRF or as described further lg‘ OW.

Monocl onal anti bodi es can be produced from hybridomas. These can be forned
by fusing np@@maiodel | s and spleen cells which produce th

antibody in order to forman immortal cell line. This is tﬁPeéjﬁ\AéHﬁoqﬁ%om
Kohl er .& M1 stein technique (Nature 256 52-55 (1975)). 29 April 2005 WO
02/37119 9 PCT/ GB01/ 04806 Techni ques for produci ng nonocl onal and .
pol ycl onal . ant Teduiguss i proddingl nhanoelondd adrid ﬁblbr@lénd])]’gﬁﬁjg&d}esa%i O¥indeld o
devel oped in thgargrt. They- are di scussed in. standard 1 munol ogy _
t ext books, for BXARHFEPIPRIEE meweyelh develapad ie thepart. s Tbomareatisouised it SRE8rd

Churchi || Li vi niteitdegilientsiks, 3 k1 nt i bodjes.,. the:
present invention includes der’i.vgti vgs H%r eo%‘%\%h%%u%o%‘?yesefgﬁg8?313_0%?1989):
bi ndi ng to EDRFChuEhill Liviegstoned@mdon.nvent i on i ncl udes anti body fragnments

and synt hegi c constructs. Exanples of antibody fragnments and synthetic
constructs are given by Dougall et al in Tibtech 12 372-379 (Septenber

1994) . Anti bodylfaddiions hald aiiliedahe frefen® KGRI infiddhs dEEARYE ROLoFhicn

fragnents (see Roitt_et al [supra]). Fv fragnments can be nodifl
produce a synt @?F@%bﬁggwt%ﬁeﬁ dbusihe preginé inviuation ifoludet antfbolly HRbReHS €.

Thi's includes apaaphinds Ld tley j.00 i Vh _and V1 regions . which,
contribute to the%g%bi K tns&ﬁ&tc%}eéﬁ#g eogéfdégoqé%nﬁﬂtﬁag ﬁmcd’oéﬁﬂ@isr%@ts
i ncl ude CDR pepsivatcky Dotgadlet af in Shrich e 302399 (SehRsnbes 29Y)| SAHS) '

bi ndi ng dF: ern‘i.n‘gn(ag. P%}@eeﬂn%{i Cs an@ al go be useg%TheseO%g@g?tses
are usual 1Y corfF6PHadPo > @8t FlabYe dangr Bufiagmenta dsee Raiktcet ati [simahery
structure of a ffieh@QAn 88hoMHed o bidGh b -jnteractive side chajns.
Synthetic constructs also ioqc[eus(ébcﬁlll&r?adagﬁ%@}ekr%g?@%ﬂ% DOWD -, g Single cham Fv
exanpl e, hunani&&w) mwiecply. primincludeny peptidetitttesovalenthe jiiiak W%dt%%fcgﬁ{qs are
wi thin the sco%@ otngﬁmﬁer eﬁ}e?n}ahi nvent.i on An exanpl e of a humani se
antibody is an antibody 40 J Hiveof the maleqple regions, but rodent
hypervari abl e regions. Synthetic constructs al so include nol ecul es

conpri si gg a cqovalently |inked noiety which provides the nolecule with sone

desi lr)abl I Er ?)06 Ty SYelig deamptaists; dnchide; g@lﬂk lpepmﬂﬁmg 'Iﬁa-r}el erca Bpitiestich geghideet Y

may be a | abel ¢f@nds ‘ | abel . s as a fluorescent or -

radi oactive | abel S’ﬂsé?éa elg(P}r]rla%%l ﬁ@qa?t%a&ep@ge mypelics mayialsoby pisddi Bssor

derivatives t hatodestlespeidshally oonfemRFoRaNe résuibhd ei%makfmgshwm Siimic HEY
e !

can be used in ificati and/or jdentification o DRF itse or a cell
t hat sthitdre 'of 3"COR loop aIldr which mclude antigen-interactive side chains. Synthetic

constructs also include chimaeric molecules. . Thus, for example, humanised (or
20 primatised) antibodies or derivatives thereof are within the scope of the present invention.
An example of a humanised antibody is an antibody having human framework regions,
but rodent hypervariable regions. Synthetic constructs -also include molecules
'comprising- a covalently linked moiety which provides the molecule with some desirable
propérty in addition to antigen binding. For exatnple the moiety may be a label (e.g. a

25 detectable label, such as a fluorescent or radioactive label) or a pharmaceutically active
agent. ' .

The antibodies or derivatives thereof specific for EDRF have a variety of other uses.
They can be used in purification and/or identification of EDRF itself or a cell that

30 expresses EDRF. As a result they may be used in a diagnostic method according to the |
present invention. . o '

After the preparatiqn of a suitable antibody to EDRF, it may be isolated or pﬁriﬁed by




30 expresses EDRF. As a result they maybe used in a di agn%tAg. HB‘(H'OO'

according to the , present invention. After the preparation po¥ a“suitable
antibody to EDRF, it nay be isolated or purified by 29 April 2005 WO
02/ 37119 10wvB@IBGIROL/ 04806 one of several techniques Commli]'k*(?%ﬂglﬁ%gl e
(for exanple, as described in Antibodyges: A Laboratory Manua{, H%w and
Lane, eds. Cold Spring Harbor Laboratory Press (1988)). Cenerally suitable
t echni ques i ncl ude@gept ide or protein affinity colums, HPLC or RP-HPLC,
purification onomer of eiemerdl dechBigueeiconim WVaRabl® (R 5,935535 yat, ) -t hese
t echni ques. Re?miﬁan.t agt' bodi es to gggF can be( prepa é% %%%é?cl r?& B -
standard met hod&"*% I(fs:aés atogy Merwel Hasley andr LaprredssiOobl Spring elatbes
general |y avai | Bdbosatory Fgbdddi L : z SS etc.. An exanpl e
of one method of a.ssarb’ 1'n?%%&%%@g?ﬁ%@%}egggéﬁilﬁaﬁé%gﬁﬁﬁdé Qrprotemn
western bl ot ti rffinifcolymms BPLET orRRHPLAs pirifivatitien PReeih & oFPfoed G R81umns.

fracti onated th.o -de Al - pol yacryl ami_de, gel_ el ectrophoresi s.” The

i xt ure caﬁ thg{rll. Lée %@ﬁ%%@rﬁ%&%ﬁﬂﬂﬂ bRFFphinzgy, antibesiesy t rvan dfe

ni trocel | ul ose pepamd @bording 16! seetarabh&hdds dnd ﬂggyédq&d%ﬁﬁﬁrﬁ%n@aﬁ t hen
anti

i ncubated with anti-EDRF anti body. _The resulting anti‘gen- c‘@?‘ﬁﬁ ex
can then be detpé%eéﬁ%?nﬁwyﬂﬁi%& tcheling FdSA ABC, Botrbletaasplsete. a second
anti body, raised against the anti-EDRF antibody, to which a reporter

noi ety has been |inked (for exanple horseradi sh peroxi ddase, alkaline

phosphat ase) cadn tampdil efioncmethod aftaseayiny 8 BORIYSARSR Y, ion
can then l(f/g u%&g tof di ca%g the position of theﬁt ar gtg?ﬁg%})é???% %ﬁlpﬁ%es
menbr ane. - Meas traEhplo 18 FEIE| of WptelisAyom the suplommayscambk datiiomateds
the level s of tabge dearaiigs BDRL . 1; le. The sensitivity of
the detection sys%m can l_)ge i n‘plr ojveglgg@ldégﬁég%h%gﬂg}sﬁ%tﬁﬁ@’&gﬁﬁé@ﬁ@ e
system or by cHamferad med demobiised oni asolidl henbiahé V€ nitrodeBMRBES off 5 y -
protein can be Ol by t st andard techni ques of radi o-irMmunoassay
(RIA) or Enzyn’gl-%?‘?n ‘glﬁn% nﬁ%ﬁégﬁggéﬂ?@é@%ﬁ é‘ﬁl@ﬂ?@te@\%’l%{mﬂaﬁaﬂi antibodked
to a reporter ®heyemitidayl ahligmh-dntmedy | d ~OR L £ RAt | l.ate. A . ate
of a sarrﬂlse to be asur ed %2‘ then@%dge_ to %‘?Itg&vlfé}%t fi%t%%?/&)alﬁ't iaagnsu&% | ex
formation? Aft BOCHALH; ¥y cxrfaplsr psscondentidodgubised agaist theau /DRI apibodych -

formation are | : | evel f antigen, i_e. target protein,
present in thewgg:%?gédr%ﬁg{o#éfh%eﬁgigﬁ?i(f{’)%%‘a&t OF tadase, dkalae
ti me-resol ved phosphatese) eandeaddal  ThEeaclion PRIdhbEreRRsRANS R ed Sfoh i) ]l.h%g)

i ncludi ng

neasures the f cence of netals fromthe |anthanide series,
eur opi um s ama'!r’eluﬁtjgr?]8 %%H@?‘ia?r‘%? BRI ehtheiegeiaprotetn on the membrane. Measurement
of the levels of enzyme reaction is indicative of the levels of target protein present in

20 the sample. The sensitivity of the detection system can be improved by using thé

biotin-streptavidin system or by chemiluminescent detection.

Altematively, levels of EDRF protcixi can be assayed for by the standard techniques of

| radio-immunoassay (RIA) or Enz;nne—linked immunosorbent assay (EL-ISA).
25 .Antibody is linked to a reporter enzyme and then immobilised on a microtitre plate. A
lysate of a sample to be measured is then added to allow antibody-antigen complex
formation. After washing and provision of substraie, levels of pfoduct formation are
proportional to the levels of antigen, i.e. target protein, present in the sample. Another

method is the DELFIA system based on a time-resolved fluorometric assay. The

30 Delfia Research System (W allac) measures the fluorescence of metals from the
lanthanide series, ipqluding europium, samariﬁm, and terbium, wﬁen cheated to
molecules that flnoresce. Antibodies are labelled and immobilised on microtitre

plates. A lysate from the sample to be measured is added to the plate té allow




nol ecul es that fluoresce. Antibodies are |abelled and im‘@%iAdrﬁE@)éon
mcrotitre plates. Alysate fromthe sanple to be neasuréd 'i's added to the

plate to allow 29 April 2005 WO 02/37119 PCT/ GB01/ 04806 11 anti body-anti gen
conpl ex forweteomieAfter washing, signal is determ ned. Thci,cgkgl?og}laggﬁ of RNA
transcri pts encodi ng EDRF ready for expfession can be assaye & ng
northern blotting (Thomas, P. S., Proc Nat'l Acad. Sci. USA 77 5201-5205 5
(1980)). Briefly, denatured RNA fromsanple cells is transferred onto a
ni trocel | ul ose antibodyyhiikeh cohlex foh §6}P3%ﬂé1l. 1S &0 A Jhybri di sation
assay. The RNA is el ectropho?esed ian a eng‘%l%]#%gél Slal‘rggg%njlgf'a‘before bei ng
transferred onto a nenbrane either by capillary action or under the action
of an electric fi-el.g- ,oacti vely .| ed or RNA probe. ’
specific for E(E‘)fl'!!llgj ﬂﬁ ?es(ﬁt%/lﬁgl dr Ss“é‘Byste(S*X‘Edﬁ%ga]?}Sﬁé?%db’ OfnEPIRFSIRcan be ansayrde
detection. Al t doneting/rérthenfBIAHnE(ThemsR . HE PAEARUEBD 1P| A0 EBNTM.
which is a.real g)%?g %%J titati v\ef RT- PCR procedur e wﬁ%%ésggp%%??mﬁ%
derives from tH& etly, dengBredRNAfrome pasmpjy cellsds trinsfer(cdRInl) a pitobelulgye by
the "invader" dregylne! 88 B{S i scovery.af a uni que ¢lass of
structure specifi c}h endonucl eggbesg@'lréz]{;rerle{sg %cl%ezl\‘f%g‘ﬁ%nf’nl Aa¥er sd RN Ay nisl
probes are desiclpsephogesed ity Bedatliring abarose/gst baPR) BinSiriREern?l d %eaﬁl%ﬁﬂﬁ#e

e signa

DNA/ RNA such t t.he i nvader.probe . displaces a portion of t

probe. This fo:‘]’ﬂrrfée‘a s?@@h?‘étlc{}‘h%{t“ng%ﬂ’éé&ﬁ%of am gleatsicalufield. 1A cadjodctivelgnd
cut, thus crealibledBNACHADNA RSIRABEL ISRIPRREC Lhes J nventign can :
alternatiyvely be_defined as aﬁr%eth gélg?f%@agno%%&’%“%ﬂﬁ%%ﬁb?‘ dof a

transmi ssi®hl e dPf eablec deleplital o pAltdyativVEBE)RNA fsveRNtaBlbe RIS uSge
assaying a sa [ tromthe ani 1o _determ ne the nunber of
haenat opoi et | gpdgg?]i S of‘%ghe ‘Seﬁﬁ?%%ﬂed?“ﬂ?gé&waﬁﬁb CReprepedyreavbpss: specifisityes
in the sanpl e deriteatfione th® use 6PA! MresebncBOs frald Cor BY
According. to A ect of theeprngser??%lyn@g%%owgyg}oﬁg’ Blf g’%%‘gd a

secqnhd aSOE [
met hod of di aghFdes Femology based endhe discavent ehs it blaes op smgitirersiecific
encephal opat hyeddh | [ npy.i Sk ng sayi.n sanpl e obt ai ned
from the ani mal tgiﬂggitsgr.m %e@%ﬁg%vrag?%gt Plyadetomet etk %E’?@%rﬁﬁq’ lesigneth to
expressi 8 pr obyheidisofto soviedapptimp sitest dncthe @hrigetODNAPRNAN R Ahat RE mﬁgﬁ)ﬁ%ggf or
.0

platel et |ineag x(g{oe%ﬁi an product _of a 30 hemat opoi etic ce

The e
eryt hroid, rrega%g?%/egéﬁogl %\f‘@@ﬂ’“ﬁeﬂé@&e@nﬂ%a Bleuchars dat @ chramaselzazane

descri bed aboveill sbdghedand eht, 8RB %%Wﬂeltéé | etection of expression
product can be as descri bed above.e 02/ g'{?%llgg / GB01/ 04806 - )

This aspect of the invention can alternatively be defined as a method of diagnosis for
20 the presence of a transmissible spongiform encephalopathy (TSE) in an énimal,
comprising assaying a sample obtained from the animal to determine the number of

haematopoietic cells of the erythroid, megakaryocyte or platelet lineages in the sample
relgtive to a control or normal population value.”

25 According to a secqnd aspect of ﬂle'presént invention there is provided a method of
" diagnosis for the presence of a transmissible spongiform encephalopaﬁ;y (TSE) in an
animal, comprising assaying a sample obtained from the animal to determine the
relative amount in the sample of an expression product of a hematopoietic cell of

- éryt.hroid, megakaryocyte or platelet lineages. The expression product of a

30 hematopoietic cell of erythroid, megakaryocyte or platelet lineages to be assayed can

| be as described above. Methods for sample analysis and detection of expression
product can be as described above.




12 5 The presence of a TSE in an individual can be establ |%§I‘}§) q{Smaans of

this assay wthout reference to the actual nunber of he ol etic cells

in the sanple, in which the anmobunt of expression product is conpared to a
normal ranggp pglerid fied by assaying a statistically relev | at i on of
heal thy non-infected individuals. Accofding to a third ,aspgﬁmgﬁﬂ'?ﬁg‘}
present invention there is provided a kit for the diagnosis for the
presence of a transm ssi bl e spongiform encephal opathy (TSE) .in an ani mal,
where the kit ddnﬁpﬂ‘eﬁﬂé‘e &ha I8E! AR inlRiRaC &l b@éstﬁﬂﬁ@hé&el??%&g&

eryt hroid, Tli]gr ocyte or platelet Iineages or -an an ?“bﬁz‘bﬂf—s

al ternative 10 #ice tthetaping] st of bématepoidtivwetls imibe smhﬂejdnt whR}

¢}
conprise antib mat o etlc oi d,
negakar yocyt e g?y&?oate % %%%éelsﬂ%ﬁg 0&’3’%@& %Elaéﬁm@ﬁé n\éﬁ?‘{‘&')waﬂpgs
may al | ow for grsaasmaxlmimanimpugaﬁoﬁofmmﬁgﬂmﬁcteqmmeﬂs Anti bodi es

specific té) cells of the hematopoietic erythroid, negakaryocyte or platelet
15 lineag€s are as described above. Antibodies to EDRF can be nade as

descri bed ab_OVQ,cc&ﬁmgStéaaVﬁnrﬁ OdspdcR @ F ik e%t?ﬁveﬁl%ﬂ 131%%?/ t]ﬁo%ﬂ ec‘petl%{?§A eABé

per f or med u5|ng stan t echni ques comonly aval € “suc
dot - bl ot assay Iam I@?@resed@t@iﬁtmm& spompifdmpencepSREGTSE) in an

;ggir ggcszt :‘ \r/gmnsml C sarrp ‘i?’%ﬁ)g'%ggg %@Bd@aﬁ? fs’fﬁg?ﬂgé\f‘&né{?g&e& 2l%éégénd,ons

t hereof, or ot hﬁgakat;mmsoﬁ telet QinBARs OTQHSaIﬁIwE* th phese
appl i c-at |1%n {m‘gd utili t?ﬂﬁ‘ n pregésaggr eernl ng of ood, ﬁ* ra%% g‘&f
ti sstf8

t her eof ), ts of Biisaspest pf theinvention, dreslitmiy nompnsteramn‘scpﬂ]wtbaiolﬂga
into a recipi egdy ?ﬁ g 0 or fracti thereof . or:other
ti ssues and/ or or%igtﬁgﬂgrﬁéaﬁgaéﬁa 0g !ri'rlg ORI ?%%ﬁ%@ﬁe?%l?ﬁ%geﬁéﬁd ERRF. or
may be xenogenSich dudhentibody Eapdyealofp ﬁreat%r SeRitivity 6f the aial osE? '
presence of a TSE infection using a nethod according to t I st aspect

of the invention, this will enable a decision to be taken to avoid using

donat ed bl ood, Aﬁiﬂiodi’esfsbé’tﬁﬁé R cdil OF ﬁi%f]) ga&dgﬁi&ﬁg g%}g{ Iqelg%]%gm? (r)q%r?g%tefet

I ndi vi dual mhose 30 sanpl e was anal

transpl adPat i oifeperRsGraas deséried |aboveB3Ant1bumbs WEEDRT cah Rah &l dsdescidud 8befe. TSE
infection into the general popul ation may be avoided. 29 April 2005 WD
02/ 37119 PCT/ GB01/04806 13 Alternatively, the screening may carried out on

sanpl es of bl obsays d6r thef bia@ingO8f antibody to target can be performed using standard
techniques commonly available such as ELISA, ABC, dot-blot assays. Additional

detection labels such as flucrescent or radioactive markers may also be used.

20

As discussed above, the tissue sources from which samples inay be assayed can
include blood, or fractions thereof, or other tissues and/or organs. Thus a method of
the present application may find utility in pre-screening of blood, (or a fraction
thereof), tissne, and/or organs prior to uansﬁ'lsion ‘or transplaptation into a recipient,

25 The source of blood, or fractions. thereof, or other tissues and/or organs may be
allogenic with respect to the recipient, or may be" Xenogeneic. Where a sample shows-
a positive result for the presence of a TSE infection using a method accordmg to the
first aspect of the invention, this will enable a decision to be taken to avoid using
donated blood, (or a fraction thereof), tissue, and/or organs from the individual whose

30 sample was analysed in subsequent transfusion or transplantation inio a recipient. By
such means, a potential route of TSE infection into the general population may be
a\ro1ded




thereof), tissue, and/or organs prior to the preparation %%%nlpb&%d or
ti ssue or organ- based product. Such products may i ncl ude Dl 6od plrasnma or
concentrates of blood clotting factors, such as for exanple, Factor IX
Factor X, weaaghagryll, Factor XllI, 5 Factor V, Factor Xl || ’Pﬁﬁ' %; VIIIC,
Factor VIIIVvWAg, or hornones such as ggowth hornone, eryt Kt
thyroxin or insulin prepared fromwhol e bl ood or another tissue source.
According to a fourth aspect of the invention there is therefore provided a
met hod for 10 N’i@ﬂ?ﬁw@b'aﬁhﬁ s@rendfg mal| @ededd vwid us tsamiple drebIBed @gng)rﬁ'ag-&g
assaying a san‘p#]%}@ @Slsa)od (fi/or t he 1E)r.esen e of a transm ssibl'e spongiform
encephal opat hy ( TSE) 11 ¥ REVShPEars PHE I thin Preratetien efaplasdwerstisshe of negin- i n
whi ch the assaybasahpwotisets Sich@retudisngay lﬁﬁ"h?deeéllé&d ¥ Hrmecronggnﬂ%mgfotg%ft ic
e’s e.

cells of the erythroid; nmegakaryocyte or platelet I neages 1n
15 In a prefer raloftiRg Fistsretieh oy ¥ome£ampbs Enetor BX,erctarriT, tastomSIOFhcRir XII

di agnosi ngs f or ] SSI ngi f onn encephal opat hy
(TSE) in ?She arﬁaen%fwrﬁ‘g ne%’%fgc &nggﬁge aﬁ%ﬁW‘S@%&?PW?%“Q‘QW& e
col | ection, i ndiouoney exytiropoietin, Syrptia @ ARMAHEPR® R WBol blo@‘ﬁj%i%tahgﬂler()f
bl ood cl ot for:}i%ti on inhibitors; preservative etc.) determning the
relative nunbe O SRE Gt opoi etiic cells of the erythroid, mnegakaryocyte or
platel et Iineages in the sanple by (a) direct measurenent of 25 cell

popul ation in sanple, or (b). indirect measurement wth reference to an
expressi on pr od\fEerde teadhuitieaspedtiof drgiasexionrthes bR forEPRVIREY Bicfhod o RNA

encodi ng DRF L0 An _exanpl e, 0 uch a_preferred nethod may conprise
t he st eps1 of %ﬁ%ﬁ%ﬁg%ﬁg%i%ﬁﬁ’ch{a ﬁﬁea’ﬁa'zhﬁii COPERHRG AYsaying psamplesfibdood
source; (2) opforohalpretetoahs Eﬁishﬁsiﬂi'e§ﬁd}i§i i i50: of, cell
nunbers; (3) deternination oﬁ‘ t he r?u_nber‘ f18 eﬁg?é&é’%@gﬁﬁﬁ%ﬁf?ﬁ?%ﬂ
erythroid, me 8%%1*‘6@}@%5@131%1“7&5 eblainelj mewlyieh theatshye copiides d&térﬁiﬂiﬁl%‘ he29
April 2005 WO ; 4306 4 (i) determination by nmanua
counting; or (%&éﬁﬁ%%#og egﬁt%ﬁﬁa?{-éﬁec Pitg megplerryoryte: enmplat¢lely
result with cohlugages indliesasmpiee sanple. fromnormal uninfected individual. 5

15 . ‘

In 2 preferred embodiment of the present invention, the method of diagnosing for the

presence of a transmissible spongiform encephalopathy (TSE) in the animal, the
method may be performed as follows. —

20 - sample collection, including optional sample preparation step (e.g.
addition of blood clot formation inhibitors; preservative etc.)

- determining the relative number of hematopoietic cells of the eryt}m')id,
megakaryocyte or platelet lineages in the sample by (a) direct measurement of
cell population in sample, or (b) indirect measurement with reference to an

expression product of such cell lineages (for example, EDRF protein or RNA
encoding EDRF protein).

25

An example of such a preferred method may comprise the steps of:
' 30 (1) sample collection and/or preparation from tissue source;
(2) optionally Iabel cells in sample prior to counting of cell numbers;
(3) determination of the number of hematopoietic cells of the erythroid,
- megakaryocyte or platelet lineages in the sample by either '



An al ternative nethod may conprise the steps of. (1) sarrp&s %PIM %ti on
and/ or preparation fromtissue source; (2) isolation of samﬁe of cells of
hemat opoi etic cells of the erytbroid, negakaryocyte or platelet |ineages
10 (3) assayphoys of expression products in cells, for e i n

assayi ng Iev%lis? iogfs EDRF expression, ejther (i) determ ne ﬁ@gbgﬂ%“ﬁ(’%w
protein (e.g. by Western blotting, raéi oi munoassay (RIA), or ELISA); or
(ii) determne levels of nRNA using cDNA pr.obe (e.g. by Northern 15
blotting, orRT-PCR) (4) J- i trol reference sanpl'e from
normal uni nfected i ndi vﬁdual : (@ﬁ%?gﬁa%g&eérog?\%%?é%npl es froma normal

uni nf ect ed i ndi vi dual naft) deteinsidatigndnt edomaR canjigesnd rom a popul ati on of
nor mal uni nf ect ed i{lﬂi-\éi dual s .suf figient Ogoﬁg}?tabl ish. 'a normpl range or
normal value in stat Vst RAIEGFEM YL CPRra] IRITeNGe sapplsy pmqnaryal Hainfrciedent

i nvention, the nunbf@dividuahemat opoietic cells of the erythroid,
nmegakaryocyte or platelet |ineages can be assessed with respect to an,

expr essi on product of such cells. The expression product can be a protein,

or polypeptid@g Bk Hﬁ% ule encoding the protein or
pol ypeptide. In a E:rrrté,\lt %eéﬁé;dé%grrné?g% 0 ttﬁ‘ggtlg?isvoefﬁti on, the-diagnosis of a TSE
infection-in an i n@ivamhletolketiGgamBicrgy eshrativn fagn Hade swpes;e the result of

t he assay shows a rgduction 30 in the_nunber of cells of henmatopoietic
cell's of the eryt hr? SRR RE &f gells pfhematepaistice geflss of dhevterythraid, a
control or nornal pﬁ@m%egpl%lgéletma%géwllg PCT/ GB01/ 04806 15 A
control or normal .popul ation val ue may be established as descri bed above
and can 1Be based o) assayitevels et expressimti producs inovells, fooptngile Gnasehying Mvest ed
i ndi vi dual s. Prefer rﬁ#b atures far, the second and subsequent aspects of

the invention are a3 PAPECSSION I aspect nutatis nutandis. The present

nvention will now be fup! fgemsias CkiAeLMEDRY HAERNEL:! Byl ksl
Fi gures and Exanpl es, vvh?c_h_ are present for th? purpgésa%s %f i eﬁlstoﬁ‘g. Tig
the invention and are Aadiolgnmoaswi{RIA)kdr BEISAjog |inmiting. Reference is

made to the follow ng I L3 G,ierE -x Shows anel fro - PCR
gel conparing a subset (J)( )h%tg%ﬁlggg%&ksg% g’éﬁqﬁ% uglﬁgecgﬂ‘ggﬁg%&'%%'a@ggﬁgm
mat ched &dHntrol and scr dpitdng, ok RALBOR) M ce (intracerebral route) at various

stages of disease p@i holgenesi s. 1, .10 days
| comparmg result with control reference sample from normal uninfected

individual.

jud »

Conirol reference samples from a normal uninfected individual mhay include pooIe&
20 samples from a population of normal uninfected individuals sufficient to establish a

normal range or normal value in statistical analysis.

In a method according to the present invention, the number of hematopoietic cells of |
the erythroid, megakaryocyte or platelet lineages can be assessed with respect to an -
25 expression product of such cells. The expression product can be a protein, or

polypeptide, or it can be the mRNA molecule encoding the protein or polypeptide.

In a method according to the invention, the diagnosis of a TSE infection in an
individual being assayed can be made where the result of the assay shows a reduction
30 in the number of cells of hematopoietic cells of the erythroid, megakaryocyte or

platelet lineages relative to a control or normal population value.

|
|
]|




15 post-infection (dpi); 2, 20 dpi; 3, 30 dpi; 4, 40 dpi;z'é W @B%i; 6, 80

dpi; 7, 100 dpi; 8, 162 dpi (termnal). FlIGURE 2 shows sequepnce I'dentity
of eDNA isolated from DDRT-PCR gel shown in FIGURE 1. 20 FIGURE 3 shows

nucl ei ¢ acigb gegygnce of murine and human full-length Dﬁ%: Bﬁ@z‘ﬁﬁp

bovine partial EDRF-sequence. Full-length (a) nurine and %'59 EST
eDNA cl ones were obtained through the Hunman Genone Mapping Project via the
I MAGE consortium (I MAGE | Ds 466407 and 220221 25 respectively). eDNA EST .

cl ones were se [ @ﬁ% [ | 167
bp sequence ofﬂggékfﬁg)rél%ﬁh e5| se @ﬁﬁ%%&ﬁgﬂh%{g{ he%@xa,@@bo@%aﬁd@
degener ate ol |lgﬂnaﬁ:§l€ammdm§easdmﬂmmmlonamxpphhomﬁﬁmhfecﬂeaﬁidgnmwm 30

FI GURE 4 shows amino acid sequerice of Mouse and Human EDRF and parti al

bovi ne EDRF protein sequence. 29 April 2005 WO 02/37119 16 PCT/ GB01/ 04806
FI GURE 5 showspragfed fiRiés fof tiBetoRd ERRubaRRedtEspdets dffife fn@&ﬁloﬂ%@éﬁ' for b OCUS
and analysis of transcript orientations. (a) Southern blot of nouse

genomi ¢ DNA difieiaspest ipda#’s wewendips restriction endonucl eases and probed with
radi ol abell ed full |length nouse EDRF cDNA;, (b) northern blots of various 5
nouse tissue RNA probed with radiol abell ed single-stranded in vitro-
transcribed r i’ﬁmg)rmﬂsmvﬁhtﬁﬂ%lﬁnmﬁ e iGritic S18steibed Sith REEéRE 10 thd IR Hd.
human EDRF nR SI o t hern anal ysis of varioqus (a) mouse and
(b,c) human t iHS8H ??e?”?%?hr?ﬁ‘bﬂ’we@ﬁ %ﬁ%&m?ﬁfswﬁ#&mtmtbﬁ aaf@ntmj
CDNA probes. K @g&E hus FQBE ontrol
and scrapi e- |a%f ectlél-gt t?pl ee oxﬁﬂ%%?ngsrﬂn%ﬁ?ow ar% %nt:f I ﬁ%d@? (ﬁ at ed
from cont®ol dimirescrapi e i nfected. (Me7 strain) nouse (C57B1 Ilne) spl eens
at 15 various stages of disease pathogenesi.s; (b) spleens fromvarious
control and scrapi e-infected inbred nouse lines (VM and SV) and hamsters

(LVG. Scrapie stFpGUREMEIoWEls pa%%}/ﬁoﬁ% BD@ETZﬁég % 49%? Kifbsh sBie5 0ds
of these nodels are indicated; bone nmarrow an ol e rom
control and scrapeepreisedgensd nml.ﬂ@n(i bﬁw andrsepmatelivd cordm] 8id/seapiapifected
strain, whole

mice (intracerebral route) at various stages of disease pathogenesis. 1, 10 days
15 post-infection (dpi); 2, 20 dpi; 3, 30 dpi; 4, 40 dpi; 5, 60 dp1 6, 80 dpi; 7 100
dpi; 8, 162 dpi (terminal).

FIGURE 2 shows sequence 1dent1ty of ¢cDNA isolated from DDRT-PCR gel
shown in FIGURE 1.
20
FIGURE 3 shows nucleic acid 'sequence of murine and human full-length
EDRF ¢cDNAs and bovine partial EDRF sequence. Full-length (a) murine and
(b) human EST ¢cDNA clones were obtained through the Human Genome
. Mapping Project via the IMAGE consortium- (IMAGE IDs 466407 and 220221
25 respectively). ¢DNA EST clones were sequenced in a forward and reverse
direction. (c) Partial 167 bp sequence of bovine EDRF synthesised following
nested PCR with degenerate oligonucleotides as stated in experimental
background. h

30 FIGURE 4 shows amino acid sequence of Mouse and Human EDRF and
partial bovine EDRF protein sequence,




20 bl ood; C57B1 m ce/ Me7 scrapie strain) FIGURE 8 shows noigf%gg Qoggnal ysi s
of EDRF expression in blood and bone marrow of natural cases of TSE
di sease. (a) Sheep were age, breed and sex-matched and were of the sane

Pr P genot ypgoodbiset erozygotes). 25 Control and scrapie s | ood was
sanpl ed at the sane tine; (b) EDRF expression in sternum Egﬁ@BﬁHﬁ)‘fﬁg@v of

pat hologically confirmed BSE-affected cattle culled at first apparent
signs of BSE and healthy control. FIGJRE 9 shows determ nation of murine

hemat opoi etic cell Ig . El. shows further
characterisation of henat %@P@?%g@%ﬁ%‘%ﬁ;ﬁgﬁe%r g?@%ﬁége APBF 8FHMICoNs
are as foll owed: E, ldvesnand abilpsipos ltﬁanscﬁpﬂan&it&mdnﬁo@ WL Ben3K1bl 3f mouse

PCT/ GB01/ 04806 17 norm)b and reticul ocyt es; nmegakar yocytes; Mac,
macr ophages; Neut, b&iﬂ%&e“%‘g‘@ V%?é’é‘ﬁ resfqtign eB%B“ﬂeasesaﬂ probed with

precursor-producing

henogl obi - negat i verdgglfuséngffﬁﬂg%ggm rob %&E@tn&;ﬁey_ Ebiﬂ S QiReariops
shows assi gnrrent of MEPRF t'@smr&‘bioprob@i Weﬂatraqholabemf{d singld-Sranée@ikt $REH-1 O
the erythroid Ii neag cﬂ(]%)d DRF RNA expressi-on i n bone narrow suspensi ons
depl et ed of speC|f| C ce 8‘5’8855 Lane A; untreated whole bone marrow.
Lanes B to G represents bone marrow suspensi ons 10 depl eted of CD3e+,

CD11b+, CD45RB220+, -6 TER- 119+ and Li neage- negative (stem cells
respectively, (b) @R%&éhfﬁ'(ﬁ gssue prliggbytian p lmcmse ané rtamepoE BRFCmRNA

hi erarchy. Abbrevi [YOGY. t hr : st, st
cell's; Mac, rracropf]l{’.a]éé}P ng %}é? ?éocf‘%n s g’él Se‘I"m8 (gc}:ga jHpan tissues
progeni t 0, BFU-E/ Oﬁhﬂilﬁa'fohhalsmm ﬁmdsmﬂwﬂmaﬁ@ﬁdiﬂﬂﬂelléﬂchNA@ﬁﬁéB&r oid 15
progenitor FIGURE 12 which shows a di agram of the hematopol esis. :Fl GURE 13

whi ch shows a di agram of the hematopoietic cells of the erythroid 20
lineage. Material s FIETREUNQHSH, ed m C '
obt ai ned from the Neuropat hogenseélk’éh{'}ﬁlatﬁﬁs%ﬁ&ﬁrﬁ%gﬁ%ﬁ;eg% o= o] g?]\r/\e&ﬁg
control and natur alscmmeytﬂda@i@n,cbmmsmmow andt whele blocds (a)OMNMQsd‘iE’de'd
Tlssuesfromfleldﬁﬁnes of BEwere 3 fromthe NAFE
control and scrapie 1 cte (101% stramn) mouse (C57B] line) spleens at
15 various stages of disease pathogenesis; (b) spleens from various control and
scrapie-infected inbred mouse lines (VM and SV) and hamsters LVG).
Scrapie strains were Me7, 87V, 79A and 263K and incubation periods of these
models are indicated; (c) bone marrow and whole blood from control and
scrapie infected mice (bone marrow; VM micé/87V scrépie strain, whole

20 blood; C57B1 mice/Me7 scrapie strain)

FIGURE 8 shows northern analysis of EDRF expression in blood and bone
matrow of natural ﬁe}d cases of TSE disease. (a) Sheep were age, breed and
‘sex-matched and were of the same PrP genotype (ARQ heterozygotes).
25 Control and scrapie sheep blood was sampled at the same time; (b)‘ EDRF
expression in sternmum bone marrow of pathologically confirmed BSE-affected
cattle culled at first apparent signs of BSE and healthy control.

FIGURE 9 shows determination of murine hematopoietic cell lincages that
30 express EDRF.

- FIGURE 10 shows further charactérisatioﬁ' of hematopoietic cells which
express EDRF. Abbreviations are as followed: E, hemoglobin-positive



Central Veterinary Laboratory (CVL), Weybridge. Human RNA%W rﬁgp&@ased
from dontech, UK Antibodies reactive agai nst nouse hena op%l etic cells
were purchased from Beckton Di ckinson, UK. Davids Biotechnol ogie, GCernany,
have been MiAft ed to synthesise nouse and human Eryt hroi
Differentiation Rel ated Factor 30 (EDRF) peptides and pr oalgéé'lg(;gw{/?“g%ﬁra

agai nst these peptides. Human and Mouse full- | ength EDRF cDNAs were

obt ai ned' free-of-charge through, the Human Genonme Mapping Project (UK)
via the | MAGE consor{ | t opoietic | ¢ dot -, bl was a gonation
from Norman |scove {’@@é’&ﬁﬂ@gmﬁ?ﬁﬁ% e%“@!%?ﬁweﬁ’ T12EB3HY ©518
Exanple 1: Anal ysi sNeit, getigopdils ®Bst, Ghasl "RINEBFUCEH 2pR61Sriptethel¥R) cSlohfREN Of
scrapie was intracerebrally injected into C57B1_ mce as a nodel” of TSE
infection. Age and SEWIREEch&Fhpedesier CHUEs ac bempelabinpegsiven eedlied witt h
20 td of a 1;10 W VR o nmogenate. Brains and -spl eens were
collected from contlr)ol ang@ -in gtg (gd animal s at 10, 20, 30, 40, 60, 80,
100 and $62 days post-injection (dpi). 162 dpi represents the termninal

stage of disease in i el . Tatal R i sol ated from " pool ed'

ti ssues and used asﬂé‘ﬁ%ﬁaﬂg’; gs asyEERed; de ERIAG’?%E}%GPMF@O!@P- cells
subsequent Di ffer engdndhitle S9! MY PAURNAS Qinkfbel EQRP{' a3g R in
Reacti on ( DDRT- PCR) . DD}?T PCRis a p(])vverf u " ﬁ%lsecu ar togﬁb\%ﬁ%ﬁﬁgl %%\%s

vi sual i sation of geWamewpuspensions deplefad ofapesificicel linshges. t Lpe & wniested vi a

the creation of ljngerprints. nes i are djfferentiall expressed
bet ween two or noRrNg\”i;l‘!z’a]ﬁ}%T g§ x{%@. g@&@ %wlf%c(?é FES; DOmg TORITON| éxsaqgﬁms
recover aliDe -usi ng t dépletédeeth@DEIeCDPORT CRABRABZIGY SES- 60 EERE | § OsEPineace-
essentially as 15 prevjously described (Liang et al Science 257 967-971
(1992)) Wth nodif 288t {stemcelise respectivels; d&&@h@&m@c(@m@aﬂm of
(1998)). Using DDRT; 2R, an eg e in the splee of
m ce at various sta%es g‘oﬁgEg%J?g‘}eiggre&gbat gg%‘r’l@si?ﬂss' V\S@r%g' (%er%pagar‘rgag t
genes expressed i n agihtoid) Mag) s selisBMuts matiophaReNentNgevtiophitr 8, 8icalld; VT,
expressed cDNAs wer égh:over ed. an%@&spﬁgevi ously 20 described (Mele
et al In "Expressi ohtshBiRrpgeniton Tabi@steapeily formigs srutaoerythnoid
Nati ck: Eason Publ i shbp@itcd999)(a)); Mele et al Prep. Biochem Biotech. 29
(3) 245-255 (1999)(b)). C oned cDNAs were sequenced and identified

foll ow ng . conputer-assisted honol ogy searching of the public nucleotide
and protein databa T re u for .radi ol abelling for use
as probes in North?ﬁ%%ﬁ%%%ﬁ?%ﬁ%ﬁ%ﬁo@fﬁﬁ es according to
standard protocols (Sanbrook et al "Ml ecular Coning: A Laboratory

Manual ", New YorKk: . Spring, f] arbor
‘ Fg(oil[ﬂ{]i P3 Wln%h shows a diagram of the hematopoietic cells of the erythroid

20 lineage.

Materials and methods:

All tissues from TSE infected mice were obtained from the Neuropathogenesis Unit

_ (NPU), Edinburgh. Blood from control and natural sheep scrapie cases were obtained

25 from the NPU. Tissues from field cases of BSE were obtained from the MAYF
Central Veterinary Laboratory (CVL),'Weybﬁdge. Human RNA was purchased from
Clontech, UK. Antibodies reactive against mouse hematopoietic cells were purchased

from Beckton Dickinson,_ UK. Davids Biotechnologie, Germany, have been

. contracted to synthesise mouse and human Erythroid Differentiation Related Factor

30 (EDRF) peptides and produce antisera against these peptides. Hﬁman and Mouse full-
~ length EDRF cDNAs were obtained’ free-of-charge through, the Human Genome
Mapping Project (UK) via the IMAGE consorﬁum. Hematopoistic cell cDNA dot- -

blot was a donation from Norman Iscove (Canada).



LaboratoryPress (1989)). To clone a region of bovine EDRF sy @ﬁ: §§C| d
sequence for use as a honol ogous 30 probe to bovine sequenc %
Pol ymerase Chain Reaction (PCR) was performed using the follow ng

degener at I cleotide priners and bovi ne genom ¢ DNA
Prinmers weg'yé ggmgned on the basis of . ppen reading frane ﬁgi"ﬁ%?% etween

‘ nmouse and human EDRF. 29 April 2005 02/ 37119 19 PCT/ GB01/ 04806 EDI F;

5' -CA(AGQ CA(AG GITACCT) T'1' (Ct) (AG A(CT) GA(CT) CC- 3" ED3F;

5' - GA( AG) GA( AG) GA(CT) ATGGT( AGCT) A(CT) (ACGCT) GT- 3" ED2R;

5' - AG[ AG) AAINC( GT) ( AG) TA( CT) TT( AGCT) GC( AGCT) A-3' First-round PCR was
performed usi rExaniﬂmﬁaAnthﬁx_ea_@_xpf reagents and ED I F and ED2R

72 Cor 1 m e dageleest fer e oidpiedt oDy SBrEeL BRI Bl as

for first-r 0':'151% RER.idtict by O i AKARRY | A hitPdex SRR MCERRR: RidalBE 6 LA

used for 10 nested PCR A DNA product of the expected size of 168
gel - purifi ed amected matheld utlrttfoi iﬂ@ WﬁmfmonnﬂﬂgmnéomgerpﬁiﬂvBmamq ﬂrlcﬁmga)

everse or i entilFs S m Soeb ae SSRARRRER SER Holarht AnB0ghdofce

for bovine EDRkq qgiirﬂh}l's%st-ﬁllﬁcﬂ_&?? D& dpPtepfesatis {hgrterhﬁha‘i sEp8lo¥ AsBadeds -

spl een tissue pooled fromcontro

m ce (i ntracetldpmagde}l olielel BNA W@% uﬂomedoﬁisvmapoal@d itiseues anéfusﬁéds M@TS tof

di sease pat ho ent | ear

downr egul at edgﬁﬁﬁ%ﬁsee gﬁq@e {%Enﬁ% g(?q\*ﬁngeﬁ%m?nﬁlg‘{] @?ﬁ E‘F\éeéﬁes of
di sease iqpat hqgaﬁaspﬁse(mﬁnﬂr@selo:ham Ri¥éetiog (DORENPCRY  DIDRT-PCRS G pdberhas
recovered fromthe_ 20 get, purified, PCR re-amplified and cl oned

into the pBl u8equjar twrl vmh allow awuﬂgfawc%ger\egxpaqsag@m)any padiculas sells i n
Figure 1 show,g.n ssed
genes in spl e S %Pﬂesi%ée{ﬂg%@sex na ggle\%co m{a% %’c‘r%aplﬁ:&?n fgeg e I I ce.
25 (i ntracer ebrpiessed etjeenttwoaor pose Simples umllerdamm padibo fientdfisile ahd 10
days post- infection (dpi); 2,.20 d i ; 40 dpi 0.dpi;
80 dpi: 7, 10630835?“ g“@%%‘“ tfﬁm@?%pihpﬁiﬂi&g@@ﬁm F&@%@ﬁ‘beﬁsw‘%ﬂlypas
transcripi doppsgailyE&ekidd @Q{r%péteal' Sh&kE 987 9%@19%@99@};5 SHECRUEIRMG]

cloned into p uescrlgé KS11+ (Strat agene) as previ ousl described (Mele
et al Bi oTechlﬁMmlest 2 z(vi‘qch&@aesim (T()lmabM (17.2°5)) EsmgIDIDRTaﬁJR Egcpndsgy,on

Genetics”, edg, . MO glland & rdeiee’eng3 98Rice3a Hatfbus N%ég'e% “of HRECYiscase

pathogenesis were compared with genes expressed in comtrol spleens. Bands

representing differentially expressed cDNAs were recovered and cloned as previously

20 described (Miele ef al In "Expression Genetics", eds McClelland & Pardee, pages 433-
444, Natick:Eaton Publishing (1999)(a)); Miele et al Prep. Biochem. Biotech. 29 3)
245-255 (1999)(b)). Cloned cDNAs were sequenced and identified following
computer—assisteﬁ homology searching of the public nucleotide and protein databases.
Cloned cDNAs were used for radiolabelling for use as probes in Northern and

25 Southemn hybndlsahon studles according to standard protocols (Sambrook et al
"Molecular Clomng A Laboratory Manual", New York: Cold Spring Harbor
Laboratory Press (1989))

To clone. a region of bovine EDRF nucleic acid séquencé for use as a homologous
30 probe to bovine 'seqﬁences,' the Polymerase Chain Reaction (PCR) was performed
Psing the following degenerate oligonucleotide primers and bovine genomic DNA as
template. Primers were designed on the basis of open reading frame homology

between mouse and human EDRF.,

from scrap|e( strain) infected



Publishing (1999)(a)); Mele et al Prep. Biochena. Biot ec%ﬁpﬁé% 245- 255

(1999) (b)). RECTIFIED SHEET (RULE 91) 29 April 2005 WD 02
PCT/ GB01/ 04806 Standard DNA sequenci ng, foll owed by conputer-assisted

honol ogy seas ¢heseof the public nucleotide and protein d eveal ed
that this cDNA represented a fragnmentgof the 505 nucl eot ?ﬁa@g@@%g%

Erythroid Differentiation Related Factor nRNA (nEDRF, Genbank accession
AF055085, AF060220). This gene has been described 5 only in the public
nucl eot i de dat d8d&e8-CAMBBA(ADETEECT)IUCHAGRLCTO/(CHPRE;- W th 100%

honol ogy, the RPFEE: | so_has a 100% nmat ch at the nucleic

aci d Igzel with a ’sﬁagﬁgﬁg%‘%@%gwépm(ﬁ%%(%%ﬁcTﬁTﬁhcogene

(Genbank acces&8R; MGY&G)AAMCMT)EQG}TA(WE&TZ@@%{&@W i de nEDRF cDNA
nse orienta

sequence tches nouse TEL cDNA 100% i'n an ‘anti se ion (See
Figure 2). 10 Figure 2 shows sequence identity of cDNA isolated from

DDRT- PCR gel sHipstaound PER 9445 BerdornfeMéy 00% .ch nucl eoti de | evel
to positions 26 end of 535 rlrll-%cl eoglﬁg“e%%mﬁﬁg%h?ﬁs%gmeﬁp&ng EDIF

Di fferentiati offREPZRt BEMECAnsy cysiRiAL HEDRF)AC fblolveiite, S0PC BbSOdAae And 00%
mat ch to positypn 0.5 S sculus ets 15 variant gene 6 EL
oncogene) in g&} an??liygglﬁ?e’oﬁ%%%g%éﬁo%%‘gﬁ' andgr %Fﬂn@md?tmﬁsmrfer are
under | i ned. (birsiExevad P vatinthst exeeption | 1hdt §tb $09ROL 4 TEL
transcripps i %@?@R.t I}\SaléN%glg(}é%t r%Cnp:%ri pts aﬁ%ie&/ncode %‘ﬁ%hmeé%gzgﬁom c
| ocus, but rua? ant I'sef BPIBTRE e expectsd sige BB L% ypweasgaparifiteand
schemat i ¢ posiclined it /A cloakE VEQRor HLGH ; nba ccession
nunbers are ag, followed, Muse %DRF0 0 ( A%S 0@20&%66%}({15&7&1?8?
(NVD07961. 1) . "FORREH IPUSHrY Agiuprped -in e dorwardh endinewne onedgidnDRR GDNAS

wer e obt ai ned cbisendug Barttifko ?@aﬁm%ﬂil‘ge%@}? [ . Prai Hi.nxt on, Canbri dge
(I MAGE clone identities 2:?3%21 and 4664 cgrfglg’p%é eﬁ%?‘?’“@&’ Exampl e 2:
Cl oni ng of bovine EDRF sequence The DDRT- PCR EDRF cDNA fragnment referred to
above doEs noThe eREESRMerikNGr a8 Ll ERRE. GDNA seguence. The full-|ength
mouse and human EDRF cDNA.cI.Jcr)nesgﬁﬁm%s?%wig‘ﬁﬁﬁ%w&?l and from
IrDes_pec:i Vaﬁ%smmﬁwfmgifmﬁgmﬁm réhmmohgbgof It mﬁﬁgign&rrg : pi ng
roj ect, A 1HBE siadRETY; - c wer, e sequenced in bo
directions and the s%—qu_ence o %g%eiﬂ%n S Eg%tn‘f’@ddi"%ﬂﬂﬂgm‘@ appeargd
obtain a homfUEEeEIgdh e tHeosplisoy iofl T SERREtRNMicE @f e laHEC sHSE G5 dReddl ODE i N
pthogenesis (Figure 1). ¢cDNA representing this transcript was recovered from the
20 DDRT-PCR gel, purified, PCR re-amplified and oloned into the pBlusscript If SKIT+
cloning vector (Stratagene). :

The results in Figurc 1 show a panel from a DDRT-PCR gel comparing a subset of

expressed genes in spleens of age and sex matched contiro] and scrapie infected mice

25 (intracerebral route) at various stages of disease pathogenesis. 1, 10 days post-

infection (dpi); 2, 20 dpi; 3, 30 dpi; 4, 40 dpi; 5, 60 dpi; 6, 80 dpi; 7, 100 dpi; 8, 162

dpi (termmal).. ¢DNA representing this transcript downregulated in scrapie infected

spleens was recovered and cloned inio pBluescript KSTI+ (Stratagene) as previously

. described (Miele et al BioTechnigues 25 (1) 138-144 (1998); Micle e of In

30 “Expression Genetics", eds McClelland & Pardee, pages 433-444, Natick:Eaton
Publishing (1999)(a)); Miele ez af Prep. Biochem. Biotech. 29 (3) 245-255 (1 999)(b))

RECTIFIED SHEET (RULE 91)




expression studies, degenerate PCR (See Materials & Met hogﬁ) ! qﬂ%erforrred
on bovine genom c DNA. A PCR product of the expected siz \&fm@% I fied and
cloned 29 April 2005 WO 02/37119 21 PCT/ GB01/ 04806 into the pGEMI-easy

vector (Pr, The nucl eoti de sequence of these clones nted in
Fi gure 3. Qg%gﬁ%% anal ysis confirms jhat this partial bi@ﬁﬁgﬁ@g
represents the open reading frame regron of the bovine honolog of nouse and
human EDRF. 5_Fi qur. 3 shows nucl ei ¢ acid sequence of murine and human

full-l engéI h( E) e A SpRepeing. rfeﬂm'endtbsadzorﬁwﬁ $awéMml@ltsEaIbEH§sgﬁmga)
murine an PUBHER. re o n e Human
Genome Mappi ng Pr 0j gltlzt &dg%@ lﬁ\?ﬁ@%taﬁeﬁ%&?ﬁ ?IBM&& A pguesentedda
220221 respect-ﬁ‘%@llwOfﬂJBIﬂDSE&TemMGMSMny&r&ﬂBlMﬂﬁﬁ‘&:R&a@d Q&Wd
reverse direct %ﬂ){fpwt I af. Q%@E sequence of .bovine EDRF synthesised
f ol | owi ng nest(e Eﬂ’ﬂﬁﬁﬁ’&ﬁ‘ WPPYMRG0220)% (Ehis geneshastbeen idascribed
experi mensal badkar meuniyatliesidcEbERL 465y BONRSRYALL (S kRS A5ty

substitutions) . are underlined e nucleotrde revel?

EDRF eDNA sequ‘@%é@ %memolozy ot DIRFE-PER| cDNA fragfidnialse Bald 06, mhikéh Hqys ne
EDRF parti al Hgg;?‘e tch fro sitions 153 to .318 of nouse
EDRF cDNA andS(GEé to rarasr?lﬁg ¢ muck d@rzan maosss (TFE. bescagene

bovi ne EDRF i bam%acdﬁmmmo{bmémll 'h?d?:‘tj ° URgEDRF
sequences over_ 167 nucl eotides )m e 3: m?g‘?lﬁgbiﬂﬁ@%gﬁgé{n%ﬁﬁ
proteins. 20 GFPEYUEY Wﬁtcg?ﬁén?ﬂfﬁﬁﬁL éo@%dn paantisehsetnrichtatiol {36 IBEMN2).
sequenceggppresented in Figure 3, the am no acid sequences encoded by’ these
sequences was deduced (See Figure 4). Davids Biotechnol ogie (Germany) are

synt hesi si ng ﬁ"e@lﬂ%@e@mfvs sequiche: identits of @DWA ke RHEDHRIL P(?P:gel Qﬁc%rg rg
and raising a Lé%gia bi%oﬁ%“ ngwcf mruni‘'sati on of chickens. hows
am no acid se%ﬁ § Flﬁ??ﬁﬁt EW’ﬁa’ﬁde‘fﬁétQp(a;hhmE\Zﬁheo exEDEfS()s
protei n sequenodeotRROMENNES ufh!i ﬁg,%e cl eotide
sequences of full-Ilength nD?Jse a %teﬁﬁ%c ?’%?‘E‘%@é open
readi ng frane W‘@eqh@ﬁt dag nLl@D%ommdh t6 eaEitione 96 h@\@szld‘f M WiGcdlus ets

Pept i des;530 u d & br present t hose chosen to contract Davids
Bi ot echno| ogi 2 ?‘?nea%@l?@%%gﬁ? &R P8 @lieasq omentativa. Resttioanef DEIRT-RER

production of pameisharelivaderlifed. (b) Detailed. computer-assisted analysis of both EDRF and

TEL transcripts indicate that both transcripts are encoded on the same genomic locus,

but run antisense to each other. Hatched box represents the schematlc position of the
sequence mdxcated n (a). Genbank accession mmmbers are as followed; Mouse EDRF
20 (AF055085, AF060220), Mouse TEL (NM007961.1). Clones representmg ﬁl]l—length
human and mouse EDRF cDNAs 3 were obtained through the Human Genome Mapping

Project, Hinxton, Cambridge (IMAGE clone 1dent1t1es 230221 and 466407
. respectively). |

25 Example 2: Cloning of bovine EDRF sequence

The DDRT-PCR EDRF ¢cDNA fragment referred to above does not represent the -
entire EDRF cDNA sequence. The fall-length mouse and human EDRF cDNA clones
(IMAGE IDs 230221 and 466407 respectively) were obtained free-of-charge from the
Human' Genome Mapping Project, Cambridge. These full-length ¢cDNAs were
30 sequenced in both directions and the sequence mformatlon 15 presented i Figure 3.
To obtain a homologous probe for bovine EDRF RNA, for future us¢ as a probe in
expression studies, degenerate PCR (See Materials & Methods) was performed on
bm‘fine genomic DNA, A PCR product of the expected size was purified and cloned



human and nouse EDRF proteins. At the amno acid |evel, h%ﬂlago use
EDRF proteins are 63. 7% identical and the bovine parti al protein (55
amno acids) is 29 April 2005 WD 02/37119 22 PCT/ GBOL/ 04806 72. 7% i denti cal
to human % identical to nouse EDRF proteins. Note | ant
bovi ne- ED&&gr?glé?l:eisc{t ides indicated in B GURE 3 result in cgk?@rﬁ%@%g am no
acid substitutions, with the exception of codon 6, which may be i sol eucine
or threonine.. 5 Exanple 4: Rel ationship between TEL & EDRF. On the basis
of - conput er - asi@fasthed hreagsevesior dPronegs). EBREudmtide ssqiencedef thegadeths 9N
the DNA strand,aohi JEL, |t is inportant to establjsh _whether the
transcript i &éntl *elﬁgigﬁ??ﬁ; %e?’l'n eqélie-’f“fee?nélhfs Sa?q%§ﬁl?aé3‘€iéé’aﬁﬁf%isﬁﬁméd
spl een (Fi gur erefifeseifis theppesralisg ERIRE rogiod 5k theMotine HomRlog &%&@Eﬂdﬁ#@%n
analysis with full-length nEDRF probe indicates that EDRF and are
likely to be ed on the sane genomc |ocus (Figure 5). However,, :
Nort hern @nal ysis, using single-stranded riboprobes, reveals that the

appr oxi mate 500 nucl eotide EDRF transcript is the RNA which is
under r epr esentidgured shews nnéleic teid sequenes i idEhimsenl fRRMngdBDRIFIDNAL . 1S

15 undet ect abl nder the ndi tion sense .ri boprobe - antisense to

TEL RNA). Theag's%gwwﬂ@ﬁﬁ?ﬁ?éwms%ﬁ%@mw %ndg{h)shumm EFHePNA i ed

as being di f f el ivale WhtaRN TRESALMRTBRRT GRERub Maﬁlﬁg}ﬁ (ﬁz‘f&gﬁé%g@%ﬁ .
S ysi s

assi gnnment of nouse EDRF and TEL to the sane geno
of transcript “SRfoEmBIIMAGE s)46660 et 22032brespectivelid.c cHRROBRT dhiibs Hegest ed

W th varigpus r.est.t.cii. o nugl eases,.and pr wi.t.h_radi ol abel | ed full
| engt h -rr%)dlise s @5%41&?3&%9&8 Foerss %‘UE @gﬁ%ﬁﬂi IBBIQR SRgranes of hevige
sequence is 1EDRF syteidsisedfollotingested PERIR R GbbiRrad ol_ﬁ,%?ﬂfiél@otﬁ@ gesthidh (ijr?aCh

restriction di that EDRF and TEL are likely to be encoded on

est i ngi cat es . _ .
the sane genofFRIBRR! bagkgreundy ¥ apppmus lorpidesdaenserveti vgariivo Reidsiibstitatinhs)

shoul d resul t gidy,ddeaifdat ' - i Qg ' wi t h mEDRF
full-1ength WA i,fIalq ‘é%%pggﬁiﬁmﬁﬁsﬁ%ﬁ%@ﬁ@%%&hgH"%@E’&?@qﬁ&gm&em&eﬁs.
(b) To furthef2i2fiy ddenitigalt ever 0B aatcleotidest r MMerbinfiel BDRE! SartiseDIRN 68qinal YSi S
that TE 5and ED|$F t anscripts, _enc fed on the sane _genom c |ocus, are ,
anti sense to BEIHesORE POSHg]nﬁﬁéffpg HpEmepse BPRE DN g8d 171 5337 etomen e 30
probed with r @#bRH eébRlAl ek t5é st ' ' - 2 i 1l robes.
EDRF RNA is detected only usi n‘g)ﬁt%hg@'}é %ﬁgﬁtf?%g\%eigtéfg%%{rlg%goﬁ %Pg%cgse
ri bopr obe). _75|:§,‘%51dentlcal to mouse EDRF sequences over 167 nucleotides.

. Example 3: Raising Auntisera to EDRF proteins.
20 . Utilising the human, mouse and partial bovine EDRF c¢DNA sequences presented in

Figure 3, the amino acid sequences encoded by these sequences was deduced (See
Figure 4). Davids Biotechnologie (Germany) are synthesising peptides from the
mouse ‘and human conceptual EDRF proteins and raising antisera following

immunisation of chickens. ' |

25

Figure 4 shows amino acid sequence of Mouse and Human EDRF -and partial bovine
. EDREF protein sequence. Sequences are conceptual translations based oﬁ ﬁuclqoﬁde
sequences of full-length mouse and human EDRF ¢DNAs and partial bovine open
reading frame DNA sequence (nucleotide sequences shown in Figure 3). Peptides
36 un@er]ineq in 2 & b represent those chosen to contract Davids Biotechnologie
' (Germany) to synthesise and immunise chickens for the production of antibodics t.O
human and mouse EDRF proteins. At the amino acid le§el, human and mouse EDRF

proteins are 63.7% identical and the bovine partial EDRF protein (55 amino acids) is




indicates that EDRF is in fact a transcript antisense to ?‘gﬂﬁp t an
et a%

alternatively spliced transcript of TEL. TEL RNA is not e under
these conditions using 29 April 2005 WO 02/37119 PCT/ GB01/ 04806 23 the TEL

anti_seﬂser}ﬂ)tiﬂ% pe EDRF and TEL transcripts therefore dkﬁi@mﬁ%ﬂ%n

significa With regard to size, 05% entation and abund
RT- PCR anal ysis has revealed that, unlike EDRF, TEL RNA is not

differentially é;g){] ssed i n scrapie infected nouse spleen: 5 Exanple 5:
Ti ssue Distrib ceblorbngn @6 B3%i identicalNormouse ERRE pysteins. o Note Wiatle

variety of nur bSRMES . expressed only in
mouse spl een, gagﬁagt marrongﬁglB wﬁ&iﬁ %fdléapﬁad vm%ﬁﬁggrstaereﬁ'af PoRPsETEaiive 2a1Re ng
the tissue wit#cid rsbititgffoms; whthvihb SexetptfobRbf tcb@dts 6] ivicH agube 1§ﬁéucnll_§o&e 10
t hat EDRF expr&iy on i.s undetectable i n thynus, indicating that

expression is TP ¥ssoci ated with | ynphocytes. In adult nmice, these

ti ssues represent tissues of hematopoietic activity, and, with the
exception of thyrrus eryt hrop0| eS| S. In human tissues (RNA purchased from
Cl ont ech), EDREX3HpiEg 2LL10, ; & EDB#Y not in spleen (Figure

6b). I n humansg, | f S the or t| sue of opoietic 15
activity. EDRF I'S sg%gf§$ggtgeﬁst Wﬁa eﬁ{sogﬁﬁ%ﬁpﬁﬁqﬁet%ﬁ encaded ysi s
of human bl oomhﬂhamyt\mﬂ ahtiRsAIoMTETY Tt WRIDEANM: 85 dstdbfidh

fraction indi ﬁ? ﬁg that EDRF_expression in"blo gé%sé assg@?%%eﬁgﬁg?#ﬁ

cells and not ! oty theme differeniiale expsesesds ml'ESErmfdwtsd ripheeni (Bigwe Dpuse

and huma EDRFeﬁIg% s, of .vari use and
(b, c) huIrt%n ti ssuestsﬁggi&z%‘ ﬁhﬁh%ﬁﬁQ@% %W%&Hﬁdﬁé&@t @8t DNA
probes. (a) MsuEBREQRPbd mdmxtas«ﬂm&ﬂ)m laygd ITEL &BIIRENR: totNEhcBBET QYR ol e

bl ood. (b,c) Human.E ex only in bone rmarrow and whol e. bl ood.
These tissues %P%We@%p@?@f’?ﬁ ef,sNoshem wwhisisp sing: sivgleasicinédod

in mce and beib@probes, Q¥ieanR I r tes
Wi th tissues whi gh expr essqhéetrrtggl oﬂb }expr ess%nﬁwﬁ&@rﬁ rlfﬁ%e
18S r RNA pr obiigch ﬁdnmégte@sessq@d mai'%inﬁwmmn@empieMBﬂs;ﬂédn) hadgt TEB)S
Northernl ana%ﬁ‘éﬁj’:@l i n hu n ﬁ_gbuff coat and.red cell fractiens
i ndi cat es t hat BXpre gﬁef%ﬁoq ERFEHPPRrobE 5 antisshss ta THLRNA)S or
erythroid cel HﬁpsaG{pmidbmaE@ﬂlaﬂﬁgr@é mﬁ%@%n@gﬁﬁ%%e g%ﬂ{i‘ﬂly

peri ment

Exanpl e 6: EDRF Ex n In TIssues From R
mp 2d by DDRT-PCR i soBDRE.

Di seases. €Xpres

Figure 5 shows assignment of mouse EDRF and TEL o the same genomic locus and

20 analysis of transcript orientations. (a) Southern blot of mouse genomic DNA di gested
with various restriction endonucleases and probed with radiolabelled full length mouse

EDRF cDNA. The approximate 505 bp EDRF ¢DNA nucleic acid sequence is 100%
identical to TEL. The detection of single bands for each restriction digest indicates

that EDRF and TEL are likely to be encoded on the same genomic locus. Mouse

25 EDRF cDNA contains an EcoRI site and should result in the detection of two bands
following probing with mEDRF full-length cDNA if EDRF and TEL were encoded on

the same genomic locus, (b) .To further investigate indications from nucleic acid
sequence analysis that TEL and EDRF transcripts, encoded on the same genomic

locus, are antisense to each other, northern blots of various mouse tissue RNA were

30 - probed with radiolabelled single-stranded in vitro-transcribed riboprobes. EDRE RNA
is detected only using the EDRF antisense riboprobe (TEL sense riboprobe).  This
jndicates that EDRF is in fact a tran.script antisense to TEL and not.an alternatitte}y

- spliced transcript of TEL. TEL RNA. is not detectable under these conditions using




29 April 2005 WO 02/37119 PCT/GBA /04806 24 The expressiﬁA&flzgﬁg I n

spl eens frommce at various stages of TSE di sease pathogénesi s 7

scrapie strain) was studied. As shown in Figure 7a, EDRF is dramatically
downr egul ' he spleens of mice at the term nal stag di sease
conpar ed ?‘gsgﬁfgf}éi nfected controls. Jhis downregul ation ?gT%ﬁL?‘gﬂf at 5
approxi mately one-third of the way through di sease pat hogenesis in spleen..
Henogl obin D-chain is al so downregul ated in spleens of mce at term nal
stages of di skaJEL smiliseiseribeprobti SEDRE muhTEL dtapstripheatherEoRF difforwigaifickady on

I s al so appar [ | eens from.rodents at the terninal ges_of disease
pat hogenesi s %%ﬁﬁgﬁo Ep ?W“@s%“aﬁ&%%se ?q%-%;'ﬁéﬁo@a&ﬁ%has
R-chain (Fi gurevedhd thAddidike BDRE,, TEDRNA Gs &ot @kfiferbstiallp Rkpfdiled f & ggeﬁt er
model of TSE infection (LVG hansters, 263K scrapie stiain). Ther efr e,
EDRF and henoghisted mense spipen- di fferential expression in spleen is a '
feature cgmmon to these various nodels of TSE di sease. Since EDRF is also,
expressed in bone marrow and whol e bl ood of mice, it was investigated

whet her * EDRF Examplt ferRissue Didtvibation Of FHRF RNAEseresdiggues i n TSE-i nf ect ed
mce. As showrr}‘Ni%@] 15 Figure_7c,. FDRF i Sg€| so..downr egul ated in _bone marrow
and bl ood of O apg lsPérarﬁ"ﬁgW@FE’(g IYFIng tsgieS clemopsisen et EDRE iy sed.

However, in coipfessd duly h?ﬁi'é}ﬁessplé%&t %&?ﬁaﬁéﬁ TRt ﬁl%&’,e@iﬂ% '%SHP%H‘

(3-chain is not differentially expressed in- bone nmarrow or bl'ood 170
scrapi e i nf ectTépresanting tipolissugywith tre bighest lavelstdf EDRBE trabsesipt (MgurEBRE  Note

expr essi I n scr.api e-inf.ecte spl.een, . bope ow and whol e
bl ood. (3) R @%{?@# 8@5}??560@ 18 6‘8&? BftebIn i @w& ‘Bgfcﬁtfﬁge@?‘eﬁbﬁp@ﬁlaﬁl A
nouse (C57B1 Irobejsosiatedenith dmpiciesls 16 AR mRE, MefCa®fes RPIAALNGHLS of EDRF
I's profoundly downregul ated 1 n scrapie-infect ed mouse spleén at term nal

stages (162 dpicmaipois agitatyp and: grjtnte icscapbion of Symus, enthropsicsis. Thi s
downr egul at i ol C ' s, .Henpgl obin (3-chain, RNA is
al so downregu Sgﬁ%gg ) é@%ﬁ?@?’ﬁ?ﬁél&‘@é’ )’fr%]g lgﬁ’fpégsﬁi% ’(“gl3° Pt BAE ¢ hat
EDRF  downr eguh apleem(Figura|6ppr Briiurhans Obdi@mdrfeie fif thebatgdstisthe JSferfiiSSAsEe

Spl eens L%om g\é@r.b’ou]sﬂ)' Ira(fl and scrapj e-infected i nbred nouse.li ngs_@éVM
and SV) dahd h&fE¥Ers %@{]}é) Isocexprgssed Wy hunans whelecblaad (Figmwy, 6c)0 Al K
and i ncubati omupghi Bdsd Hu d | Walcll ~ Hd
henogl obi n- (3-chain. are ﬂf%g?ou%%%@mﬁ?@%&?&gﬂd&?&rﬁgﬁI@fe{#ﬁbfcgo%iﬁga%%l}i ety
of rodent gendidienses thst| oexiprefssion i innblapd his aassodated twitofred agelipi mds hohi ns.

This al so demfﬁﬁﬂﬂo%ﬁ that the discovery of EDRF 29 April 2005 WO 02/37119

20 Figure 6 shows tissue distribution of mouse and human EDRF mRNA expression.
Northern analygis of various (a) mouse and (b,c) human tissues was performed with
mouse and human radiolabelled cDNA probes. (a) Mouse EDRF is expressed only in

_spleen, bone marrow and whole blood. (b,c) Human EDRF is expressed only in bone
arrow and whole blood. . These fissues are hematopoietic tissues (spleen, bone

25 marrow and blood in mice and bone marrow and blood in humans). EDRF expression
correlates with tissues which exi:ress hemoglobin (expressed only in érythroid cells).

- 185 1RNA probing indicates equivalent loading of RNA in all lanes. (c) Northern
analysis of EDRF in human blood buffy coat and red cell fractions indicates that
EDRF expression is associated with fractions enriched for erythroid cells, as indicated

30 by subsequent hemoglobin detection.

Example 6:  EDRF Em}ession In Tissues From Rodent Experimental TSE

Diseases.



25 PCT/ GB01/ 04806 downregul ation is not a phenonenon limt @rﬁ’z%sce' (c)
EDRF is al so expressed in bone marrow and whol e bl ood (see Figure 5),

t heref ore bone marrow and whol e blood fromcontrol and scrapie infected

m ce (bon VM m ce/ 87V scrapi e strain, whole blogqg;

m ce/ Me7 %@%égwgtrai n) was studied {p determ ne whet herggﬂﬁﬁ@%ﬁg al so
differentially expressed in tissues fromscrapie-infected mce. EDRF is
downr egul ated in bone marrow and whol e bl ood from scrapie-infected mce at
terninal st agedhefexpressen of FRRTO i sElsdns . from mioatat astiowso stagdseefh TSHEedisgkebi n
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bone marrow or blood from scrapie infected mice.

20 Figure 7 shows northern analysis of EDRF expression in control and scrapie-infected
spleen, bone marrow and whole blood. (a} RNA isolated from control and scrapie‘
infected (Me7 strain) mouse (C57Bl line) spleens at various stages of disease
pathogenesis. EDRF is profoundly downregulated in scrapie-infected mouse spleen at .
terminal stages (162 dpi) of &isease pathogenesis compared to controls. This

25 dpmegu]aﬁon is detectable at earlier stages. Hemoglobin B-chain RNA is also
downregulated in scrapie-infected mouse spleen. (b) Confirmation fhat EDRF
downregulation is apparent in ‘other rodent models of TSE disease. Spleens from
various control and scrapie-infected inbred mouse lines (VM and SV) and hamsters
(I.VG). Scrapie strains were Me7, 87V, 79A and 263K and incubation periods of

30 these models are indicated. Both EDRF and hemoglobin B-chain are profoundly -
downregulated in spleen from a variety of rodent genotypes following infection with a
variety of scrapie strains. This also demonstrites that the discovery of EDRF
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anal ysis of sternum bone marrow reveal's that bovine EDRF is dramatically
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di sease, from she t hat e displaying. early clinical signs of scrapie.
Sout hern %nal y ?%glg? ‘{‘}@?fﬁf\i'f‘eahxa?ff?ﬁe egﬁﬂ ‘gﬁ‘@é eRepE-tfsciofAnicadi ERREdist hat
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shown). The Northern blot was therefore probed with ar uman
and bovi ne EDRFUim/stages of disbiso gathjsesier e wonisash tg gsiedn, hemoglobioB-che  t he

experinent. P rimage nalysis reveals that the putative sheep EDRF
RNA- 15 doynr SoURat AR 8L yeI5 a8 frie BRI 261 DLReckP Rl pstedges
of clinical sigies al@naal@idds 8t dis&ka P ) : b BV ! this
stage). Usingt heabovi r?e pagﬁt i aI1 E@DR}:gel(El)‘i&A 'S béﬂ%‘%ogggﬂﬁélﬁgglﬁg&égy%ag}nﬁhe
sane traH&cri ph aliflagnasheht fermipalatages of Histase ipathogSieSKEDRArs dowpteghluted dar ue

ovi ne EDRF ho expressi in,ste m . ho ryo f
p;'gltlt hol ogi cal | @%ﬁﬁ%@gﬁ eﬁ"?’é’@f@a@’g’%{‘@’ 8{?%‘%@ @ffgﬁﬁ?}lf %gaﬁ%wm .
signs of BSE abthiivddidnaniedbllevihg iffedtioh @iamirs-Rbag dismoghed fenmal es,

non- pregnant 25 and approxi mately the sane age (>3.5 years old). The
Nort hern bl ot was probed with radiolabelled partial bovine EDRF cDNA

Bovi ne EDRF RMAcieSre3IRY %k L gt ' se and hunan.E RNA
and is dranatical Igleélgomregupgt god- tpﬁﬁf%e b%%?eﬁaﬁ% Fcg Heprenggferid ng
from natlir al Batunitficted apinmly nembpoietiotishéat e that EDRF as an i ndi cat or
of prion disease is applicable in natural field cases of prion 30 disease

and that EDRF differential expression is not a phenomenon peculiar to

experi ment al | Exangie g6 RDRP EPreéSAnchi TidsEe Brain RetuPR' e
1' CT/ GBOL1/ 04806 . 2 ese experrnents crearty st »
expression, ak¥e3% haps sone aspect of dysfunction of the hematopoietic

cel | types exgheghleRablBh ofTsE LE8IHILES EDRE expression in hematopoietic tissues is

20 ' 2 phenomenqn pecu!iar to e'xperimental rodent models, or is cominpn {o other, natural,
ISE diseases was investigated further. Whole blood was obtained from sheep
displaying early clinical signs of natural scrapie (1.5 months prior to death from
disease). Control material was sampled from age, breed and sex-matched sheep of the
same PrP genotype (PrP génotype being a factor which is well known to influence

25 susceptibility to disease). Northern analysis of RNA isolated from ovine whole blood
using a radiolabelled full-length human EDRF ¢DNA detccted an approximate 3.5Kb
transcript which is underrepresented in blood of natural field-case scrapie (Figure 83).
Re-probing of this Northern blot with the partial bovine EDRF cDNA hybridises to the
same transcript. Therefore, dlthough ‘the detected ovine transcript is significantly

30 larger than mouse or human EDREF, this transcript does in fact represent the ovine
EDRF RNA. Spleen and sternum bone marrow was also obtained from healthy cattle
and cattle suspected of suffering from BSE (and which were subsequentiy

pathologically confirmed to havé BSE). Control and BSE cattle were breed-matched,




common to both experinental and natural field cases of TSE,gj %365 O
Exanpl e 8: Determ nation OF Henmatopoietic Cell Types Wich ress EDRF
EDRF is clearly a novel useful pre-nortem marker and indicator of TSE

~infection. i ossi bl e that the observed EDRF different| Ssi on
P PR on e

represents an e ct of the expressigpn of this gene, or s the
progressive | oss/depletion of the henatopoietic cell types which are
associ ated with EDRF expression. As a first step 10 to resolving this
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cell's that had been renpvéd were those which express %een
from Fi gure 9drEppicely dewerspulated én ahimala tisphlying sigrd WFBSH (Fif@e8a) 55t hOW

whi ch has b fo TER-1 19 positi )ls, ' | obi’
R chai n expr SLCTaR aber b slpermeR B wn B i asmat opo et i ¢ cell's

at all stages of 20 erythroid devel opnent, with the exception of early
BFU-E or CFU %,&ro enitors. Figure 9 shows determ nation of nurine
hemat opoi et i ¢ Fé@I'F 3| shaws gadhern snalysippE EBRF eRpessiGDRFbiosd axd boss a@mow of i n

muri ne sfj een , Nej (see Fiqure 5).  Lack of
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expressi on i sweot ofideneingt B werobypt- (ARQ BeffddySotedS 088901 Bakscplpideh&nt abl e
signal in bu %)\6 coat fra&t itﬁn of human bl ood %see Fi gure ﬁi& TO determ ne
whi ch  henat ob of ez sumpled i the samestinag. ppcaanie shorp blaed ivns obtainedrmaproximatelyl
suspensi ons WeAE and® R MHaksh : - ' em.cel,l s. ,or specgifjc. cell
popul ati ons wer em(lj_egiﬂet.ed tﬁﬁg&qg%%ﬁg&%?ggnh g-l&%ﬂ %’fqz M@T?E%gﬁp Y
Phar ni ngen) apihofinient sigonobicotian Souttbion gnab@ichf tnbead satlo e SRsE Gehs@id
Dynal ). e t | SO used for. . Northern analysis with
a radi oII?t;IQI e .‘é %@%aﬁ%%%%ﬁ DS & syHalle ipgobestogentile e_acishe,ep
reduced only saubiides {rice @hdvrs. Cﬂie'N&H}%ﬁ?ﬂ%’fﬂQs ﬂ)@%lfﬁre ot WLP&% beg ”.Sl.'h
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As predicted, K henbglobin R-chain RNA is al so reduced in thi's .
TER 119 29 ApPHpangssboxmedEPRE tDOAGimeso blood FOVA 26rvenas HooiticoamtoDfor” eact

W th conmitteghel It Oyl ssi ng BFU or U activities
(BFUe/ CFUe) . Det e%%rg%%é EDR °Z’>?%%§§§} ket ot Gmmridee bsrodRERNA ¢ of
non- commi t t ediskdewntegphiedtapproxineatele S0Yesinbided| of sh@prae & D%%@;Blfcﬁgﬁgaesﬁson in
BFUe anQOCFUe feﬁm oid.cells bu{ the possibility of expression I n non
o scrapie (animal relatively healthy ai this stage). Using the bovine partial
EDRF cDNA as a probe hybridises to the same tramscript, farther indicaﬁng that this
3.5KDb transcript is a true ovine EDRF homolog. (b) EDRF expression in sternum
bone marrow of pathologically confirmed BSE-affected cattle culled at first apparent
signs of BSE and healthy control. Cattle were breed-matched females, non-pregnant
25 and approximately the same age (>3.5 years old). The Northern blot was probed with
radiolabelled partial bovine EDRF cDNA. Bovine EDRF RNA is approximately the
same size as mouse and human EDRF RNA and is dramatically downregulated in the
bone marrow of cattle suffering from natural BSE. These experiments demonstrate

that EDRF as an indicator of prion disease is applicable in natural field cases of prion

30 disease and that EDRF differential expression is mot a phenomenon peculiar to

~ experimentally induced prion disease in rodents.
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downr egul ati on of EDRF expfession in scrapie-infected spleen, bone 15
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celI's, and t hegosgblechatathe absdresdoBDRII diffé3niidl adxproexiph e&ERAls 4 L&t 7 Re
TER-119 cell depleted fraction substantiates this. For confirmation, a
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enri ched TER- i ve _and BFU.E/CFU-E negat.ive.cells is clearly due to
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Fi gure 10 shom&%ﬁ‘éher tﬁh%éa(:t erisation of hematopoietic Cells which
express EDRF. WO 1opte hag e cplls thad bpd pees pemoped merrlpeshvhich gxpress/BDRE.
nonnobl asts ap@ daath WeRCKER Eﬁﬁ & Tran [ o %a S:
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expression. ¢ TER-119 antibody reacts with hematopoietic cells at all stages of

20 erythroid developrﬁent, with the exception of early BFU-E or CFU-E progenitors.

Figure 9 shows determination of murine hematopoietic cell lineages that express
_ EDRF. EDREF is expressed oﬂy in murine spleen, bone marrow and whole blood (see
Figure 5). Lack of detectable signal in either mouse or human thymus indicates -that.
25 EDRF expression is not associated with T- or B-cells, as.does lack of deteciable signal
in buffy coat fraction of human blood (see Figure 5). To determine which
hematopoietic cell Iineages express EDRF, mouse bone marrow cell suspensions were
enriched for non-committed stem cells,or specific cell populations were depleted using
a panel of antibodies (purchased from Pharmingen) and CELLection biotin binding
30 dynabeads (purchased from Dynal). RNA was subsequently isolated and used for
Northern analysis with a radiolabelled. mouse EDRF cDNA probe. EDRF signal is
significantly reduced only in RNA from the cell suspension depleted of erythroid cells.
. Aspredicted, hemoglobin B-chain RNA is also reduced in this fraction. The TER=119
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differentiating along the akaryqcyte / platelet |ineage. As Figure 10
shows, EDRF e><‘%Pe‘§§q gﬁ dF@“%& o cages yab i Jowex frysk((@ad, LCRhibdh C45R,
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shows the assignment of EDRF expression to henatopoietic c S CO ted
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. These results indicate that EDRF expression is associated primarily with erythroid
20 cells, and the reduction of hemogiobin B-chain expression m the same TER-119 cell
depleted fraction substantiates this.

For confirmation, a positive selection experiment was pérfonned'énd clearly, EDRF
expression (and hemoglobin) is associated with TER-119 enriched fractions. BFtI—E

25 and CFU-E cells remain in the cell fraction that also contains pluripotent, non-
committed hematopoietic stem cells. Apparent EDRF expression in enriched TER-‘

119 negative and BFU-E/CFU-E negative cells is clearly due to con.tamination since
hemoglobin is also detectable in these preparations. EDRF is clearly also present in

RNA isolated from the mixed population of BFU-E/CFU-E and stem cells. ‘However,

30 it was unclear which of these progenitor cell types express EDRF. In order to clarify
this, 2 dot-blot was obtained containing amplified cDNA synthesised from RNA which

* had been isolated from hematopoietic cells at defined stages of developme;nt (donated

by Norman Iscove, Canada). '
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representation of hematopoietic cell hierarchy.. Abbreviations: Mg,
megakaryocyte; E, erythroid; Mst, mast cells; Mic, macrophage, Neut,
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Thi s expressi on]qigr &P £l gpmpgitied fo procpeding gnpyshs hecinhcrophdge ligags prEBRE
predom naot | y, eitgreddfoh veas \ letic cells of the erythroid
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mar ker /. hal | mar §F Bgakaryogyie livbagss, Gi) BFAE deHs,e(ﬁgi(tmj.@,eéeggtaﬁg:(ﬁ) ih%g“’&lgbﬁﬁ-

ri

hemat opoi etic i_s _has not . been reported reviously:
200.5 31 CLAI n}gdsgﬁ.‘éi'%n’%;fgﬁféﬁts dhd artinyincuics. 7 BhQShED&Fg@@memufwa observed in
transmi ssi bl e bmooplitinnsgatos NS apLAY E)p.i. Ay ni ma) . conprjsjn
assayi ng a sanpl e ogt ained fromthe’s anicr%iafﬁ t)roéé(glgﬁ{elrtﬁ‘snsé's WEE ¢ t?\?ég
number of henafYpdi of gpleen o¢lls: treatest withr@indanavaly Ak aTHESYdnichEd ﬂrl_cgffgl et
li neages15n t hQnBAMPLSitant t hod, of di agnosis as clainmed in claiml, in
which the animal 1$ a(ﬁ;l]tow %@ﬁ&moﬁ?ﬁm@ﬁ?tﬂ? Serthigide cells 3. Apparenth EDRR
di agnosi s as carasgion imthe Tael faction (WM foferbh@ @My ,@%,Q 19% and, the
TSE i s Bovine gpongiform Eg?cpeﬁphal opat hy §B$E) SR t?jho géf‘h CHPRBLFS . as
clained in clarm E‘,%mi“f‘?ﬁ%ﬁi “FREPTER ich coflsneFhednck of EDRF expression in
human “buify coat’ (FIGURE 6) substantiates this. EDRF is therefore expressed in all
hematopoietic cells committed to proceeding through the erythroiq lineage and at all
20 stages or erythroid cell development (including TER-119+, BFU-E and CFU-E cells)

@d in cells capable of differentiating along the megakaryocyte / platelet lineage.

As Figure 10 shows, EDRF expression is associated only with those cells which are
comunitted to the erythroid lineags, including BFU-E and CFU-E cells. Hematopoietic
25 stem cells do not express EDRF. EDRF expression is highest in CFU-E erythroid
cells. The earliest stagg at which EDRF is detectable, at a low level, in this systems is
in bi-potential cells which are capable of proceeding through erythroid or
nllegakaryocyte lineages. EDRF is clearly associated with hematopoietic cells of the
erythroid lineage, | |
30 '
Figure 11 shows the assignment of EDRF expression to hematopoietic cells committed
to the erythroid lineage. (a) EDRF RNA expression in bone marrow suspensions -
depleted of specific cell lineages. Lane A; unitreated whole bone marrow. Lanes B to




15 the TSE is newvariant (nv) Creutzfeldt-Jacob D sease (@vﬁp%o@j
Creut zfel dt-Jacob Disease (CID). 5. A nethod of diagnosis as clained in
claim1l1, in which the aninmal is a deer species and the TSE is Chronic

Wasting D sgaees7ii€WD). 20 6. A net hod of diagnosis as clai | n one
of claimse 1 to 5, in which the sanple 34s, whole or fractigﬁgﬂ%%"%%@%d, a
hemat opoi etic tissue, such as bone marrow, or fromthe spleen. 25 7. A
met hod of diagngsis as-clainmed in any one of clains 1 to 6, in which the
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anti-CD 61 ang;ﬂﬂodi es.’ %&ﬁg&A&ﬁgﬁﬁgﬁ ”B?CI‘EH%Q% ug %‘I%lﬂﬂf;/@ecﬁ-cﬂlscﬁ‘aﬁ‘m 12,
in which the Bis pt oprhgenites aREU-BYCFU-E/ WREi-Cehd SoldiBIRkakyohl ast s .

megakaryci)gyt es orwgl at gdbeLEg) ells. 14. A method of é{ﬁgg%;g%%gof tFﬁ%tbrmd_
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Level of expression is indicated by degree of shading, with more intense shading

. mndicating higher levels of expression. Dot-blots of cDNA synthesised from poly(A)+

20 mRNA purified from individual cells Tepresenting 16 stages of the hematopoietic

hierarchy were a donation from N. Iscove (University of Toronto, Canada).

Summary Of Results.

25 The.present results identify a gene, which encodes a protein of unknown function, that
is'differentiglly expressed i1 hematopoietic tissues of animals suffering from TSE
disease. This expression profile of this gene is highly specific, being expressed
predominantly, if not exclusively, in hematopoietic cells of the erythroid Iineage. This
therefore demonstrates a novel, non-PrP*°-based, molecnlar marker/hallmark of TSE

30 infection that is easily detectable in hematopoietic tissues. This has not been reported
previously. -



15. .A/met hod of diagnosis as clained in claim14; in whichghe, gnidmal is an
ovide] 25 and the TSE is Scrapie. 16. A method of di agnos:}gﬁgjzngwﬂed in
claim14, in which the animal is a bovi ng and the TSE i s Bovi ne Spongiform
Encephal opathy (BSE). 30 17. A nethod of 'di agnosis as clainmed in claim 14,
in which the animal is a human and the TSE is newvariant (nv)

Creut zf el dtigfﬁﬁb Di sease (nvCID) or Creutzfeldt-Jacob D sease (CID). 29
April 2005 IS A et hod of di agnosis as clainmed in claim14, in which
the animal is a deer species and the TSE is Chronic Wasting D sease (QON\D),
19. A kit for the diagnosis for the presence of a transm ssible spongiform
encephal opat hy ( T8Emethodanfl Hagnasis fphethe pigeenke t ofc amensussibley wangifvay to a

hemat opoi et | t __ - li . 5
emat opor et &, ealo&gtf% (@§E);~‘fr%’ %E@.@,p@g@g%@%&g@%ﬁ Ll @b6hfkd HREARES

20. A kit for t nosi a“transm ssi bl e spongi form
encephal dpat iymaIT8E)deiermian thai whtiye winmber tofiehekiatopotipricfie ofathe aerythbady t o
an expressi on. a?J od(g‘t% roflata]]eﬂencpteo&)o' etsi C lgel | of the erythroid,

megakar yocyte 9 mB’P ef'dt 8};16%&“ PPA kit as claimed in claim20, in
whi ch the expression product of a hematopoietic cell of the erythroid,
megakar yocyte or platelet |lineages to ich the ant|body binds is EDRF.
22. A kit as’cl ai feRF AfpepoRs %fclaemam;ﬁ%@ erﬂ whichithe HMRRS #Hev a5
an ovine 15handEtidgedpss: is Scrapie. 23. A kit as clainmed in any one of
claims 19 to 21, in which the aninmal is a bovine and the TSE is Bovi ne
Spongi f oktn Encephal opathy (BSE). 20 24. A kit as clained in any one of
clains 19 toy21, } | | LB ] Nfhinl J riant
(nv) Creutzf3e'l dt-%g%:é(‘))%ﬂdg?gge s%ﬁs?dr?\%mﬁlfégfcl%&gﬁg%z@gtﬁJaco% %)ﬁ%‘ggég&en\ﬁ?m D).
25. A kit asthe[TaEneBovine Spopgidvre BicephakipathyIBSED 21 in which the animal is a
deer 25 species and the TSE is Chronic Wasting D sease (CAD). 29 April
2005 p31001wo. app SEQUENCE LI STING <110> Roslin Institute (Edi nburgh)
Clinton, M chael AMethe, of@iagnosis as claimed in claim 1, in which the animal is a human and

15  the TSE is new-variant (nv) Creutzfeldt-Jacob Disease (nvCID} or Creutzfeldt-Jacob
Disease (CID).

5. A method of diagnosis as claimed in claim 1, in which the animal is a deer species
and the TSE is Chronic Wasting Diseases (CWD).

20 7
6. A method of diagnosis as claimed in any one of claims 1 to 5, in which the sample
1s whole or fractionated blood, a hematopoietic tissue, such as bone marrow, or from the
spleen.

25 7 A method of diagnosis as claimed in any one of claims 1 to 6, in which the

hematopoietic cells of the erythroid, megakaryocyte or platelet lineages that are assayed

comprise, pluripotent stem cells, myeloid stem cells, CFU-GEMM cells (Colony-Forming

Unit Granulocyte / Erythrocyte / Monocyte / Megakaryocyte), BFU-E cells (Blast-

Forming Unit — Erythroid), CFU-E cells (Colony-Forming Unit — Erythroid),
30  proerythrobiasts, reticulocytes, erythrocytes, megakaryocytes or platelets. |

8. A method of diagnosis as claimed in any preceding claim, in which the number of
hematopoietic cells of the erythroid, megakaryocyte or platelet lineages is assessed with

reference to an expression product of said cells.




Manson, Jean C <120> Di agnostic nmethod <130> P31001VW/hKI§%5éﬁ9§ 5
PCT/ (B01/ 04806 <141> 2001-10-29 <150> B 0026604.9 <151> 8 31
<160> 10 <170> Patentln ver. 2.1 <210> <211> 230 <212> DNA <213> Mus
nmuscul us <400> 1 cagcaagagc tgagtactct éﬁ@cagccag tttctagcca aatacaggac
ctttctgaag 60 tccaaagagc ccccaagcaa tacactgccc tcctcataac ttaaagggtc
tgggcatcat 120 gtcttagaac cccaaacact cggctctgtg ttatatcttc agaccgttct

cccaagatgt 180 tgctgtactt tgacatgcca ataaagacca aatactcaaa aaaaaaaaaa 230

<210> 2 <214> 508 m&BdRsf Binosid 3 21dMHSd MUSIEM BSin WHIER ThelexpERABE pESIHCt

aggattgtgg atgag cggg._ct cagcacca ttagacttga agatggcccc 60 ttttcagagc

aat aaggat c t HaBE é@d%EE@E ﬂagﬁﬁmﬁﬁaﬂﬁﬁhﬁgéﬁﬂpb ga 120 tcagcaggtc
tttgatgatc ctctgatctc tgaagaagac atggtgattg tggttcatga 180 ctgggt gaac
ttgtacacca actattacaa gaagctcgtg catggggagc aggaggagca 240 agacagggcc
at gacagaat tUbagcéagahgtpgéanvbaﬁugggmdgnemagmtmémagns30@'7daadﬁdcﬂgg
acctttctga cccgaage aatac tcctc ta 360. t

t ct gggcat ¢ a%t“fa?‘?%%ge%g %@%gocgaacaye?taéﬁgcc I erlsteg aof 30 TER @gcé 1

ct cccaagat gthc@gﬁma&hﬁﬁgﬁnﬁtgmyﬁaafaﬁagﬁmmaﬁ@@ﬂﬁcﬁﬂmoéaﬁ aaaaaaaaaa
aaaaaaaaaa aaaaa 505 <210> 3 <211> 501 <212> DNA <213> Honp sapi ens

11. A method of diagnosis as claimed in claim 8, in which the cells to be assayed
10 comprise proerythroblasts, basophilic erythroblasts, polychromatophilic erythroblasts,
orthochromatophilic erythroblasts, reticulocytes (primitive erythrocytes).

12. A method of diagnosis as claimed in any one of claims 1 to 7, in which the
hematopoietic cells to be assayed are characterised by reaction to anti-CD-61 antibodies.
15
| 13. A method of diagnosis as claimed in claim 12, in which the cells to be assayed are

E/Meg cells, megakaryoblasts, megakaryocytes or platelet cells.

14, A method of diagnosis for the presence of a transmissible spongiform
20 encephalopathy (TSE) in an animal, comprising assaying a sample obtained from the
animal to determine the relative amount in the sample of an expression product of a

hematopoietic cell of the erythroid, megakaryocyte or platelet lincages.

15. A method of diagnosis as claimed in claim 14, in which the animal is an ovine

25  and the TSE is Scrapie.

16. A method of diagnosis as claimed in claim 14, in which the animal is a bovine

and the TSE is Bovine Spongiform Encephalopathy (BSE).

30 17, A method of diagnosis as claimed in claim 14, in which the animal is a human
and the TSE is new-variant (nv} Creutzfeldt-Jacob Disease (nvCID) or Creutzfeldt-Jacob
Disease (CID).



<400> 3 ggggacagag agattcacgc accctcaaga gtgtgggtga gacat alg 1?@§§gttaga
60 cctgaaggca gatggctctt cttaaggcca ataaggatct catttccgca-gdattgaagg 120
agttcagcgt tctgctgaat cagcaggtct tcaatgatcc tctcgtctct gaagaagaca 180
t ggt gact gt ggt ggaggac tggat gaact tctacattaa ctattacagg cagcaggtga 240
caggggagcc ccaagagcga gacaaggctc tgcaggagct tcggcaagag ctgaacactc 300
ttgccaaccc tttcctggcc aagtacaggg acttcctgaa gtctcatgag ctcccgagtc 360
acccaccgcc ctcctcctag ctcagggacc cagcccctcc tctctgagaa actctgacct 420
tcatgtcctt aggctgtgct cctgccactc taccctgaca cctcaat aaa gaccagtgct 480
ggttttgttg gaaaaaaaaa a 501 <210> 4 Page 1 29 April 2005 <211> 167 <212>
DNA <213> Bos sp. <400> 4 p31001wo. app gaggaagaya tggtgayygt ggtgaatgac

t gggt gagct gca o agagca agacgagcag, gacaaggctc . ctcaataccc
tgtctgecte t ﬁa'cct @egﬁogé’?tggg%égc?s é%ﬁqgg&gg 1%3“ Yggg theppimal prardeep gpgsien
muscul us <408 the T4 is AheonferWasBheDEkae @WDASN Lys Asp Leu Ile 1 510 Qu
Phe Asn val Leu Leu Asp An dn Val Phe 20 25 ser Qu Qu Asp Met Vval Ile

LRGeS ATV S T
encephalopathy (TSE) in an animal, where the kit comprises an antibody to a

hematopoietic cell of the erythroid, megakaryocyte or platelet lineages.

5
20. A kit for the diagnosis for the presence of a transmissible spongiform
encephalopathy (TSE) in an animal, where the kit comprises an antibody to an expression
product of a hematopoietic cell of the erythroid, megakaryocyte or platelet lineages.
10 21. A kit as claimed in claim 20, in which the expression product of a hematopoietic

cell of the erythroid, megakaryocyte or platelet lineages to which the antibody binds is
EDRF.

22, A kit as claimed in any one of claims 19 to 21, in which the animal is an ovine
15  and the TSE is Scrapie.

23. A kit as claimed in any one of claims 19 to 21, in which the animal is a bovine

and the TSE is Bovine Spongiform Encephalopathy (BSE).

20 24. A Kit as claimed in any one of claims 19 to 21, in which the animal is a human
and the TSE is new-variant (nv) Creutzfeldt-Jacob Disease (nvCJID) or Creutzfeldt-Jacob
Disease (CID).

25. A kit as claimed in any one of claims 19 to 21 in which the animal is a deer
25  species and the TSE is Chronic Wasting Disease (CWD).




65 70 75 Phe Leu Ala Lys Tyr Arg Thr Phe Leu Lys Ser- 85 nggﬁh%% 82 grﬁht

ser Ser 100 <210> 6 <211> 102 <212> PRT <213> Hono sapi en
Ala Leu Leu Lys Ala Asn Lys du Phe ser Val Leu Leu Asn A n 20 Ser U
Gu Asp Met Val Thr Val 35 40 Ile Asn Tyr Tyr Arg An G@n Val 50 55 Lys

Ala Leu dn Gu Leu Arg Adn 65 70 Leu Ala Lys Tyr Arg Asp Phe 85 His

Pro Pro Pro Ser Ser 100 <210> Zgq %ﬁ%ﬁ? 0 tttacatcaa ctattacaag 60
t gcaggagtt tcggcaagag 120 ccttyc% 1 éer hr Gy Ile Lys 15 Asp Asp Pro
Leu | I1<€103Ropl o0 FastiAghe LEdimprghn5 G n Gu Gu Gn Asp
Clinton, Michael
Miele, Gino

Manson, Jean C
<120> Diagnostic method
<130> P31001W0/NCB
<140> PCT/GR01/04806
<141> 2001-10-29
<150> GB 0026604.9
<151> 2000-10-31
<160> 10
<170> PatentIn ver. 2.1
<210> 1
<211> 230
<212> DNA
<213> Mus musculus
<400> 1
cagcaagagc tgagtactct gggcagccag tttctagcca aatacaggac ctttctgaag 60
tccaaagage ccccaageaa tacactgecc tecctcataac ttaaagggtc tgggeatcat 120
gtcttagaac cccaaacact cggetctgtg ttatatcttc agaccgttct cccaagatgt 180
tgctgtactt tgacatgcca ataaagacca aatactcaaa aaaaaaaaaa 230
<210> 2
<211> 505
<212> DNA
<213> Mus musculus
<400> 2
tcaaaccccg aggattgtgg atgaggcggg ctcagcacca ttagacttga agatggccce 60
ttiicagagc aataaggatc tgatctccac agggataaag gagtttaatg ttctgctgga 120
tcagcaggtc tttgatgatc ctctgatctc tgaagaagac atggtgattg tggttcatga 180
ctgggtgaac ttgtacacca actattacaa gaagctcgtg catggggagc aggaggagca 240
agacagggcc atgacagaat tccagcaaga gctgagtact ctgggcagce agtttctage 300
Caaatacagg acctttctga agtccaaaga gcccccaage aatacactge cctcctcata 360
acttaaaggg tctgggcatc atgtcttaga accccaaaca ctcggctctg tgttatatct 420
Ltcagaccglt ctcccaagat gttgetgtac tttgacatgc caataaagac caaatactca 480
aaaaaaaaaa adaaaaaaaa aaaaa 505
<210> 3
<211> 501
<212> DNA
<213> Homo sapiens
<400> 3
ggggacagag agattcacgc accctcaaga gtgtgggtga gacatataca gcctgttaga 60
cctgaaggca gatggctctt cttaaggcca ataaggatct catttccgca ggattgaagg 120
agttcagegt tctgctgaat cagcaggtct tcaatgatcc tctcgtctct gaagaagaca 180
tggtgactgt ggtggaggac tggatgaact tctacatcaa ctattacagg cagcaggtga 240
caggggagcc ccaagagcga gacaaggctc tgcaggagcet tcggcaagag ctgaacacte 300
ttgccaaccc tticctggce aagracaggg acttcctgaa gtctcatgag ctcccgagte 360
acccaccgce ctcectcctag ctcagggace cagcccctce tectctgagaa actctgacct 420
tcatgtcctt aggctgtget cctgecactc taccctgaca cctcaataaa gaccagtget 480
ggttttgttg gaaaaaaaaa a 501
<210> 4
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60 Thr Leu Gy ser Gn 80 Lys Gu Pro Pro Ser 95 Asp Le Aﬁ.—, 865 Ala Ay
Leu Lys 10 15 dn Val Phe Asn Asp Pro 25 30 Val Gu Aspuzlgrp Ngt Asn 45
Thr Ay GUPro @n Gu 60 QU Leu Asn Thr Leu Ala 75 Leu Val Phe Tyr

Arg Asp Asn Pro 80 Leu Lys ser Hs Gu Leu Pro Ser 90 95 Page 2 29 April

2005 <212> PRT <213> sos sp. <4003 7 Ju GQu Asp Met Val 15
p31001lumBppeAhr Val Val Asn Asp fél(i%lr"foﬁﬂp Tyr Lys Lys Gn 20 Al a Leu

An du2Rhreditxg 35
<213> Bos sp.

<400> 4

gaggaagaya tggtgayygt ggtgaatgac tgggtgagct tttacatcaa ctattacaag 60
aagcagctgt cgggagagca agacgagcag gacaaggctc tgcaggagtt tcggcaagag 120
ctcaataccc tgtctgectc tttcctwgca aartaccgec ccttyct 167

<210> 5
<211> 102
<212> PRT
<213> Mus musculus
<400> 5
Met Ala Pro Phe GIn Ser Asn Lys Asp Leu Ile Ser Thr Gly Ile Lys
1 5 10 15
Glu Phe Asn val Leu Leu Asp GIn GIn val Phe Asp Asp Pro Leu Ile
20 25 30
ser Glu Glu Asp Met val Ile val val His Asp Trp val Asn Leu Tyr
35 40 45 _
Thr Asn Tyr Tyr Lys Lys Leu val His Gly Glu GIn Glu Glu Gln Asp
50 55 60
Arg Ala Met Thr Glu Phe Gln GIn Glu Leu Ser Thr Leu Gly Ser Gln
65 70 75 80

Phe Leu Ala Lys Tyr Arg Thr Phe Leu Lys Ser Lys Glu Pro Pro Ser
85 90 95

Asn Thr Leu Pro Ser Ser

100

<210> 6

<211> 102

<212> PRT

<213> Homo sapiens

<400> 6

Met ATa Leu Leu Lys Ala Asn Lys Asp Leu ITe Ser Ala Gly Leu Lys

1 5 10 15
GTu Phe Ser val Leu Leu Asn GIn G1n val Phe Asn Asp Pro Leu val
20 25 30
Ser Glu Glu Asp Met val Thr val val ¢lu Asp Trp Met Asn Phe Tyr
35 40 45
Ile Asn Tyr Tyr Arg GIn Gln val Thr Gly Glu Pro Gln Glu Arg Asp
50 55 60

Lys Ala Leu GIn Glu Leu Arg GIn Glu Leu Asn Thr Leu Ala Asn Pro

65 70 75 80
Phe Leu Ala Lys Tyr Arg Asp Phe Leu Lys Ser His Glu Leu Pro Ser

85 90 95
His Pro Pro Pro Ser Ser
100

<210> 7
<211> 55

Page 2



Leu Ser Ay u 25 dn A@u Leu Asn 40 LeU Ala Lys Tyr Ar%Rf’"ﬁf? 50 55
<210> 8 <211> 20 <212> DNA <213> Artificial Sequence 0> < > .
Description of Artificial <220> <221> misc feature <222> (9) <223> nis a
or gor cort <400> 8 carcargtnt tyraygaycc <210> 9 <211> 20 <212> DNA
<213> Artificial Sequence <220> <223> Description of Artificial <220>
<221> gites preature <222> (15, 18)P °rfPPs a or g or c or t <400> 9
gar gargdya Baggbpayngt <210> 10 <211> 22 <212> DNA <213> Artifici al

sequen<c4%0§2;0>

G1g Glu Asp Met Va} Thr val val Asn Asp Trp val ser pPhe Tyr Ile
10 15

Asn Tyr Tyr ng Lys GIn Leu Ser Ggg Glu GIn Asp Glu GIn Asp Lys
30

Ala Leu G12 Glu Phe Arg Gln G13 Leu Asn Thr Leu Ser Ala Ser phe
4 45

Leu Ala Lys Tyr Arg Pro Phe
50 55

<210> 8

<211> 20 |
<212> DNA |
<213> Artificial Sequence §

<220> o )
<223> Description of Artificial Sequence: Primer

<220>

<221> misc_feature

<222> (9

<223> n isaorgorcort

<400> 8
carcargtnt tyraygaycc 20

<210> 9

<211> 20

<212> DNA

<213> Artificial Sequence

<220> L
<223> Description of Artificial Sequence: Primer

<220>

<221> misc_feature

<222> (15, 18)

<223> nisaorgorcort

<400> 9
gargargaya tggtnhayngt 20

<210> 10

<211> 22

<212> DNA

<213> Artificial Sequence

<220> o
<223> Description of Artificial Sequence: Primer

<220>

<221> modified_base
<222> (6)..(9)
<223> 1

<220>
<221> misc_feature
<222> (18, 21)
<223>nisaorgorcort
Page 3




<223> Description of Artificial <220> <221> nodifi ed- basezgﬁﬁggaog 6)..(9)
<223> i <220> <221> msc_feature <222> (18, 21) <223>n1s g or c or
t Trp Val Ser Phe Tyr ile 15 An Asp Gu AGn Asp Lys 30 Thr Leu Ser Al a
ser Phe 45 Sequence: Priner Sequence: Primer sequence: Prinmer 20 20 Page 3
29 April 2005 p31001wo. app <400> 193%&%9%%”(: krtayttngc na 22 Page 4

<400> 10
agraannnnc krtayttngc na 22
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