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(54) Title: DIAGNOSTIC METHOD

O (57) Abstract: A method is provided for the diagnosis of a transmissible spongiform encephalopathy (TSE) or prion disease in
B an animal which comprises assaying a sample obtained from said animal to determine the number of hematopoietic cells of the
erythroid, megakaryocyte or platelet cell lineages in the sample or an expression product thereof.



5 A conprehensive overview of TSE biol ogy can be found i n%q;@@,‘g revi ew
format (Prusiner, S. B., Proc. Nat'l Acad. Sci. USA 95 1 - (1998))
and/or on the internet (http://ww. nad-cow.org). Transm ssible Spongiform
Encephal o | (TSEs) or Prion diseases are a group of j i f at al
di sor der spvgyb?ﬁzugentral nervous system (CNS), which rranil;fcgz(?ﬁ‘bﬁ’géﬁéeneti C,
i nfectious or sporadic 10 nechani sns: They include Scrapie in sheep, Bovine
Spongi f orm Encephal opathy (BSE) in cattle and Kuru, Creutzfeldt-Jacob
Di.sease (CID), newvariant (nv) CGBiag ﬁﬁ@% ussl er Shei nker
Syndrone (GSS) and Fatal Famlial nsoﬁej ] bﬁjjls. TSE di seases al so
mani fest in ot &€ Bigesnt devention relatee|ti, a dewr metivdkof diagsosis( SR tRASHENBI C
Z00 species su rabi a X, Cheet ah and greater Kudu. 15
Chroni c wasti négﬁ%%%&(a@@?pﬁf&%&zﬁ%ﬁrﬁ%ﬂl &‘Geéﬁ?'i fied in deer and el k and
it has been suggested that this could also be transmtted to humans. The
TSE- di seases are characterised by | ong,b_ asynptonmati c i ncubation periods

Bt

fol loned By a PefUEPFRMpIVE sNpRYiew phTeR bickesy et erfoyubin puplisedsiesteivfprit 20
neur odegener at | : | QNy; I | | o @ J t he, deposi tion
of protease- reési gl%lglgt%u gr"?}c;}r?e'p]rv%ﬁe‘?%g' S?IPr S gg&%ﬁ%@ﬁg?@%)smd&f B they
host - encoded glytenpr ¢higi:MwwwRnibcovtonyer Traidndsible r SPingifeHd (BicBASSopathies
K-sensitive Pr Eﬁ%ﬁ toe]%he %bnormal , proteinase K-resistant i soforr% bﬁ‘r Psc,
is a frequent et Tt A5cH4s Affar kSBYP (of dnvasiablyqfatal adjsosders D Glhe raentrbly,
in the United KiRgadvsicheren i d Lt in:.TSE di seaSes .as a
result of the BSE epi gmﬁf (g:rl;{jsg’t ﬁ@ﬂ%bgﬂ;a%g%sﬁt Hearrgelgez%beﬂ% gﬂ%%/\/—?farspﬁwpmmD
in humad¥; a meEhapiseasdhehmedie Saagiave shedps BovineoSpiagHonn Ericep thy

crossed the s es barrier.intg,.h as result of BSE-infecte
tissues enterihg )hlél (ﬁaﬁ%ﬁn%g%gaEW‘ﬁfh@aP@ﬁF )-eneariank 1) 61D,
maj ority of UKGeisthaerSirdigyler SBERkEX ARSI RGStSEednﬁsﬁ%thlnﬁT%ﬁﬁa?Lﬁs 8t 1N

addition to the problemof natural scrapie in sheep, ere 1S grea
concern that BOED#y BPE slisepsss halsptnanifesigin othethepepiesisuch switike Héanj madk, 291s

April 2005 WO - 04806 sympf.omatic level, and other
agricul tural s@i@é&l&%é@ggorgﬁg%q? 33%1 ‘ﬁ?ﬂ’%%%’l =5i}ie FJ“W’F;%EH'@I&BQ%
present il6 ani Ghtoniceedsingf diseascT{EVDY 1 klsb besh iddrtiibe it e ORM ! At AR if Ras

har bouring nvGJD, and tge prqoportion which 5 will go on to develop.the
di sease is cur TEREPEESIFE ek this oquld;alsa beranspriiggddoihymaps.ef f ect.i ve pre-nortem

di agnosti c neans of assessing potential TSE infection in humans or

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™ (PrP5), an abnormal isoform of a host-encoded glycoprotein,
PrPC. Conversion of normal, proteinase XK-sensitive PrP® into the abnormal,

proteinase K-resistant isoform, PrP%°, is a frequent characteristic 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 ﬁle

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



animals. Both in order to renove TSE infected agricul t“ralzgsﬁ)‘?-ﬁ'bﬁ& fromthe
human food chain, and to assess potential TSE infection in Hunans, .
sui tabl e diagnostic nethods are desirable, and ideally in easily

accessi bl ewpiaﬁ,igzl? such as bl ood. At 10 present, the only$@ﬁ(§1€0§ﬁ% ecific

macr onol ecu ntified is PrPs'. However, PrPs' is onl |y
detectable in CNS tissue at post-nortem although in sone TSE diseases it
may be detected in tonsil biopsies (Coghlan, A, New Scientist, page 5, (15

June. 1996) ) . | bsyR@fohQ§cCIBVd] Yand @EHer g%‘i@?ﬂ'lﬁ\ta‘l %&f&stﬂ?reﬁﬂtpﬁﬁ%ﬁﬁ ?edqﬁ%tgﬁéled

in blood of TSE infected aninmals chnerr et al Journa rona aphy
853 (1-2) 207- bavingbeeupoerontjin andmablesdstufhi s is both a tinme-consum ng and
significantly technically demandi ng procedure, as is the detection of

PrPs' generally. Additionally, PrPs' is often undetectable in CNS tissue

of humans and @hé exbis to whivhltye BKiRpliatoDis Hiffourifi BRGNS and ’ﬂéﬁﬁoﬁ&ﬁ&bﬁiﬁkao re

no effective pre-nortem di agnostic neans of assessing ISE infection. An

i deal di agnost &l g2 PR &ydexisnithe disease issrarently hamlean: s prosert dliereds do 2ffeative! d
al | ow assess bt t Bl ' ' i i ceessible tissues
such as bl ood. Such a dé‘gggﬁi&%?%ét gétedg %Ae%%plg%gg |¥§%ﬁ}l%\9ﬁ%&§% Bt
TSE i nf ecti on animpalsy Both melorderivatemaont THE fisckod spriegleurslupBeibd dont e RREML i C
i ntervention s};rgt%gli es otul d be |£_le6qu52¢ g&. 25 There have been_several
publ i shed report Ty e OuiPeh Rt P&y Bresian 3 Tuppnss sutably diagnsstic
tissue of TSE inbh0ad afb eiriBlk,Sand RIENPIn chillyBcBssitil el 2t BEodll AT
reports of differential gene ‘expression in sSpleen; bone marrow o Do of
TSE- i nf &¢t ed pimseRhIthe oplytdinsasstspbéifio anderamoeld@ls idehitfidddd PaPi°nai@vdves Tap¥n

shown to be inf ' d, .t h r Pc otei n has been deppnstrated to be
expressed in s%voerapﬁggcaz]grgﬁi%%&féeﬁ cF§°8° phBeSmoLsiem, akhough wetammT8Eon
prior to the pliemestit inay®8ideemte®in tdhsil bRAHEE ELIMMmDRL YRANSSEAY 9'%’95 (15
henat opoi eti c Jcel I § (ﬁgd TSE pat hogenesis. A conprepensive su ry of
present TSE di’¥rdet EibpsrecentbubrepdemensitteshtbatReP™ catderdetected in blood of

(htt p. ww. mad-paWiRt Gt 56l Lyvesf L e 29 ril 05 . 7119
PCT/ GBOL/ 04806 3 Cur réeQntE%ég?@g%%feé gl 2‘5@"”2’;‘5}}%?"?’81"?@@ 5%%23 ?Q?glgDRF
or eryththid Hé¥ppoHeweeer, de |is bborh og yinedcohSimmiigt haD enasicntlp edideatly’ VY a
non- PrPs” nol e%ul ar,. marker, of TSE i%f ection_in spleen, blood or bong .
marrow. Most reSegniiogdrecedpre, psis: the deteshon af Pl tgsnerslly. o Additiogallyy BrBthisds
aimed at the dmeciddercRbleRnRSNS iisshadr HaK-h b ¢ ’
gene nornal |y 'expressed in eryt hrosi d cells o?gﬂ%ghng%g%g{e%c %tggl?gg?slﬁs
di fferenti al | yli®a§: e3herg 5 themeforer np offective priessertsn diagi@fic 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 stage such that therapeutic intervention strategies could 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). '




infected animals. EDRF is expressed in hematopoietic cell 599,{ ri}ﬂfoser ythroid

and 10 negakaryocyte / platelet |ineage, in spleen, bone fmarrow and bl ood.
It would therefore appear that hematopoiesis, in particular

eryt hr opoiesj S surprisingly affected in individuals TSE

i nfecti onﬁ{):zzsc;lrlgisng to a first aspect of the present invg{#"?%hﬁ?ﬁ@r/e IS
provi ded a -nethod of 15 diagnosis for the presence of a transm ssible
spongi f orm encephal opathy (TSE) in an animal, conprising assaying a sanple
obtained fromthe animal- to determne the relative nunber of hematopoietic
cells of the erythroid, negakaryocyte or platelet |I|ineages in the sanple.
20 Transmi ssi GuereSpTSHE rdsearch Fncopha Fold td ieslichlE SESRF of eRitroid itinfldoRsic

i ncl ude Scrapi ei i N she Botéi) ne Spongi form Encephgl opathy (BSE) "in cattle
and Kura, OreGethPiopy. njiRE paihpgeagssy qrademify 2 TORPRTE, implecylahmakgDof TSE

Ger st mann- St 1 aisctoRlin SHBL) bRlod ogﬁﬂﬁé B Shst ?%931’?@%‘@4&1 8 'ﬁe{d; %Jﬁe%ﬁqg %rmi a

in humans. The TSE di seases are characterised eposi ion
prot ei ns$ ( Pr fesuying en metheds nieediat tHealetectién of BrP¥. host - encoded gl ycoprot ei n,
PrPc. Conversion of normal, proteinase K-sensitive PrPc into the abnormal,
protei nase K-resistant isoform PrPs’ is recognised characteristic of a

TSE di sease. fdias hb® bReH dSERErethd: ERRY, a5RAS n&rﬁl\éﬁsgkigs}&swﬁl &5iiid obis of

infection is used equivatently 30.to the termT I sease condition.
exact means. bycmpPeHctc fismeyiiscdifferentalty axpressed dal hematoppietic ttseuesuaf #8E of

scientific co Ex ental anj mals can.be "infected" w.th TSE
di sease int hgltfﬁgcg%gr ai 6ﬂrsy. W}é’ %)ﬁ)éesé?c# At hgpatﬂ%%%ceg‘fl ?%ﬁ’? W‘?é aﬂgri I
2005 WD102/ 37inkBalia6icB0 pldd&blinchgs,| BApleanUdhe Mheswemdt BRoI SRa§H8Id
encount er ed i@ ﬁrfacti ce are "infections" in the normal sense of .the word

is not yet kntRFFOTENTRRGMS it themmaiepoigsisTdr pardedae enyilEppriesisrisamprisisglyh as
ovi nes, bovi Ng§ect : [ r, mnk, and exotic zoo
ec viduals Qﬁédéiﬂ;l? T%I gxefetacgﬁﬁ

speci es such as Nyal a, Arabi an and greater.Kudu, and avian
speci es, such as poultry, for exanple chickens, turkey, guinea fow.

Met hods i n ac orodiﬁmcet wiﬁrhsﬁ_t heqcﬁrg ent appl.ication therefore extend to a
method of | di afffERRBERa A frot-appect,of feopresdh piveaton fhees 1s BIovidsd metieg of1 0

The sanpke t oaia%maﬁ;qayﬂfé RELAE N D rhiutifo1P gﬁﬁgggléﬁ gié%ﬁg(%gartﬁg’ fts?@' ih %M | |

be a biological sanple, for exanple a bl ood- om’a source
of hemat opoi #¥gl, compsisingrssayingrp| sampley obtaingfh dtam dhe fniawd i tondetehitd ted (or

partly fr aCt}efH?i@h gﬂm‘HJep %ﬁ')hmnBloﬁéﬂﬁc; c%]lp %meo Qr?riﬂ%njd? n}eiggl?a{ljjerdcy?eugp pﬁ?ek?t_one

marrow, or fromt
lineages in the sample.

20 T ransmissiblg 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 Jnsomnia in humans. The TSE diseases are
characterised by the deposition of Prion protein™ (PrPS°), an abnormal isofoﬁn 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 wsed 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-




spl een. The sanple may be subj ect to the addition of furthg pq.g nents so
as to 15 optim se sanple analysis. For exanple, in sanples 561‘ ood, it may
be convenient to add substances such as heparin, EDTA and/or sodi um

citrate tQy %yﬁﬂ't coagul ation by neans of clot for natlog%waygﬁé ﬁgrrpl e
K, 43 n,

sources | nc e cerebrospinal fluid (¢SF), wurine, tears

mucous secretions, tissue or organ biopsies, e.g. brain, liver, thynus,
pancreas. 20 Hematopoietic cells of the erythroid |ineage, include -
pluripotent stegh chbdsh, WHRLPE dist80 E&Huﬁ @F Gl Ml rmng
Unit Ganul ocyte /. Er%fhrocyte [/ Monocyte e gakar yocyt e?lf Eﬁiﬂflgﬁcégl S

( Bl ast - For mi n@ommltsenseafﬂmesdd;)not@ﬁlhﬁwmel S (CoI ony-Forming Unit -
Erythroid proerythroblasts), reticulocytes and 25 erythrocytes. The
hemat opoi etic cells of the erythroid |ineage are shown schematically. in

Figure. 11. A uniipals affeited by SEBldNReedhdladCRbdmiaR, Such ek bvedTotines Huthafs
single cell i neag "a bipotential hematopoietic cell is a cell commtted

to one of t wo fBes 091 dedtePling, j2pnd g¥dis, z0g GPoins susdupfpNEaly, Hirabin Kayx,dtheetah |
erythrocyte / e ﬁ‘y\%ﬁ [ 0 rentiati al ong

ei ther the er% ocyt Z@gp mrr%g% ar o eﬁglgﬁgﬁpﬁ&gagés?gylpﬁ %{g( n@#? Yal
hemat opoi et i c guinbd fovd. Metkdds in amrdmtd‘edht}rep@mnﬂfpphdmheﬂ ﬂmastetﬁxeelﬁ&bh .
| i neages. ril 05 WO 02/ 19 PCT/.GBQJ/ 04506, 5 The maturation of an
erythrocyte fﬁ%ﬂ}&‘%ﬁ ?11%683@ 1n sheep, hpxmes, dsgh kT SAmEPs ough  t he

fol l owi ng recogni sed ceII types, as described by the Junquiera or the
Wieater .definitions, as follows: 5 Junquiera DefinitionWeater Definition
Pr oer yt hkdbbl ag'iJPrS@@pLGt tor bb laswyeBaswpding ite ke prdsewbinseitiar typivailyrwillaiss a

Pol ych I hr obl hoch hi |
ot 2 Nor ot P Blotdsfial MaiE 0! SxaBRaCR' Bidba Bhobh"5mpi2 %6r Fom O "Scuree W1

hematopoietic cells. The sample may be whole or fractionated blood (or parily

i
|
|
]
|
]
!

fractionated blood), plasma, a hematopoietic tissue, such as bone marrow, or from the
spleen. The sample may be subject to the addition of further components so as to
15 optimise sample analysis. For example, in samples of blood, it may be convenient to
add substances such as heparin, EDTA and/or sodium citrate to prevent coagulation by
means of clot formation. Other sample éourccs include cerebrospinal fluid (CSF),
urine, tears, milk, semen, mucous secretions, tissue or organ biopsies, e.g. brain, liver,
thymus, pancreas, | '
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 (ColonyfFonning 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.



" Reticul ocyteRetl cul ocyte Hemat opoi etic ceI I S of the rrekar ;r@c tg &g__ﬁ
pl atel et |ineages include the Ef Meg precursor cell, the d&?{ ? | ast and

the differentiated negakarocyte or platelet cells. 10 Methods in

accor danc e present invention may therefore be dir n
assay for%vwgi‘%rwr]mre of the above ceISI types of the hem?gﬁ&%gyb‘%og
erythroid, negakaryocyte, or platelef |ineages or expression products
associated with one or nore the cell types of the hematopoietic erythroid,
megakaryocyte, or platelet 15 |ineages. One expression product associ ated
with the cells.of hematopoietic erythroid lineage is Erythroid

Di f ferenti ati GFheReatntation Ffiat eryth&EHRFrom BRRGer Hredidt ReREe ?ﬁﬁg&ksﬁ@ﬁ fbugp! | S

ol T, 20 bf adhe FOIHENG TSGR BPob o) Ao o, URokREraLen tho (Wheatg)

cells, pro er ﬁehﬁﬂjahg%g%nowsubrl bl asts), early nornoblasts (basophl lic
eryt hrobI asts or prorubricytes), intermediate erythroblasts (rubricytes or

poI ychr om&t ophi l i c eryt hrobI ast s) I at e nornobl ast S (rret arubricytes or
‘orthochromat ophi | i c erythreblasis)—ihelye Re D i n_p,
nor nobl asts and reti culj

02/ 37119 PCT/ GBA / 04804 ' gl%‘!lesi s—Te] yt es.
Particular cells of in eres?fw I C nornall exgtféejéégmﬁa can pe identified

using the anti-TER-11$ aﬁsbﬁiﬂﬂyﬁryﬂmlﬂsy 1 ER— IOy N hoBlast TER-JL19 ant i body
is raised agai nst 5 t h¢—irmmynogenC57Bl 16 {mpuse day-14 fet a iver cells

(lkuta et al Cell 62 83 BWCWWWIIC&M is of the jsot i‘f}eﬁ rat (W star)
| gG K (TER-119 anti body avai b@kﬂ:uﬁbl%tom B ﬁ‘?’?ﬁdﬁ’g“ew t Diego). The
| s of theferythroid Ilneage n all

TER- 119 anti body react$ wi
eryt hroi d- produci ng or anﬂrﬂmhrumhﬂ@pmm ¢f t-he cells that exjpress EDRF,:
al t hough not all of sug¢h cel Xpes The TER- 1i@¢ Nenholdah i s Ispecifically

10 expressed on erythr bi d ce Wash t he garly erythroblast through nature

erythrocyte stages, b{it NotTROR S WI[ r‘% == tivities.
Cells that can be assayed._in 1#?% way injnet hogs o'*l e present invention
i ncl ude the proeryt hrobl asts, basophilic erythroblasts, polychronat oph| lic

erythrobl asts hocbro O(%hl lic erythroblasts. reti cul oci{aﬂes (primtive
eryt hr ocyt es) H§ the mekapyegyteyeda platdles dinesgess aeiwde 1be | FMeg

; 2 ?Ir ?S}er isin ﬂre%h!l‘ébr Qéh | fﬁe Shé&aRiyb5153: Y8 PO " differbntiAL h’negﬂgfdcy%ngr pg?élet

2005 WO

cells.

10
Methods in accordance with the present invention may therefore be directe& 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




71, .anti-transferrin, anti-ferritin, anti-EDRF and anti-hm&haﬁ&{u
anti bodies. Anti- CD-61 antibodies can be used to detect Cell's 0O he
nmegakaryocyte / platelet lineages fromprecursors to mature cells

(comrer ci alyg oiyaid able from M I tenyi biotec - www m | tenyibj . 20
In a preferred enbodi nent of this aspegt of the invention,pt"ﬁ}é;%ﬁgﬁ‘ﬁgr% of

di agnosis conprises assaying for the nunber of cells of the hematopoietic
erythroid, negakaryocyte or platelet |lineages that express EDRF. Such
cell's can incl uaghrogedes] @clndRg ehjiioéRek. t 0, E/ Meg, CFU-GEMM cel |'s,, BFU-E
cells, CFU-E cells, proerythroblasts 25 basophilic erythroblasts,

pol ychromat ophilic. erythroblasts, orthochromatophilic erythrobl asts,

ticul ocyt e _depl et] f,a.cell, line
o mal 1y axpr oy o i 6 MIcRP R Yo7 fe&s TER ot b it heskusing dbie
condi tion) i naatiSHR-etq antibidy,tamicht TER-105" el TER-i DR AMbIIS it fridefll AkiQN O
In

s assayed for which are présent

t he nunber§ of e% |.s of tQ,SEB as ¢ L :

non-i nf ected i ndi Vi BHHEEn g‘h\‘@?‘lﬁﬁmﬂaﬂé detablivergslls (uiater dé CeHt620863E8 M
the normal nuniyegos))oindoe 'dr it Lo | . he identified by
assaying a st?tqi stl))ginl_l y rel eﬁgﬁgﬁéém‘?ﬁgﬁ@%ﬁ‘ %%%HBYW@% from

i ndi vi dual s. 2$DhBRarminzoasSandiegt) 3 Th FERCNIGRABOB/ABAEs with ABIN $8he BXRLERST ON
mar ker nmay be lﬁﬁg.({g%%bo;m @P)ﬁy l,cﬁlbp aéso a _earz}é&o.ﬁﬁ depleted in subjects
suffering froma i Nt OLT O BPIUFEE prsals, apt dimostont thenecllsethelu cxpresst  of
cel | nunbers i EDRE abhbeghnBot 4 of 36éH usn%g' ARV oD eni ent. hod.
For exampl e, cell nupbers can bg ggésﬁag‘g%j%ishg |E§$eglgeaﬁ§%@éé§ isegct'@pg el l
sorting (*PACS) SXFEsEh PR Shfhroitherlisyforme dhes cartyf exyfiwablast dhioekh neineb RSy cgte .

Cei msa- Wi ght ki, % A BT\ I & ti ut.gmat haemat ol ogy
anal ysers can b%és%@g%\t/\%‘ gﬁﬂggﬁl %Eb'gtorﬁﬂgﬂﬁ?waﬁ%ﬁ’é tﬁ?‘ R he ewprrdin; c
cell's, such asthiewyy i nettiods oD thelpRéseptind6tioaSnéMd e Prbddl Bt @iasts, basophili
www. nul tenyi b is alsq_ 10 possible to assesS the NUNDer (%ch

i otec..com . |t

cells in a san%‘P@’?@?s% Rolyrbmemeepinlic erghrodlastsp| wthoglyamatophificusmythrobiasts,

measur enent of re@Eylb &cmpwgﬁfh So | u et.c. ot.her t hod
to estimte th?a nubn%yér‘ of Srloge |tc?7&§£%‘ﬁ3“§’§l‘%ca¥e&|%’%atﬁﬁﬂoa8ﬁg%%ﬁ%ﬂs rrow
in a sem!Isol i i dhewrienising sedh cells aret dnyil Giyedphokin s, an@BDREUHLOD- A0 LARICES. 15
The identificatqy -0f. _henmat opoi.et.i.c cel f interest using an antibody can
use a nodifi ? ’\%g?glltagﬁwc . ?ﬁ%’fa’ﬁ-ﬁlp,b@gyllfﬁﬁr@@%a@n@glohm abadics.ordninat ed
Wi th biotin, oED-Gli dokibedicsunl RO te Bk UINGE the InddakBYSARE P blalRe Eleage® | S

that are posittil_(\)/e for the )
N precursors to mgture cells (commercially available from Miltenyibiotec -

www.miltenyibiotec.com).

20

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. : '



anti body of interest can be separated using fluorescence- ggt,i cel |
sorting (FACS), flowcytonetry or nagnetic bead separatiggAﬁéﬁﬁﬁg as
conveni ent. For exanple cells 20 of the erythroid |lineage can be identifi
ed using ,hpody such as the TER-119 anti body which 4§ led to
a suitablgﬂ?g%%b er noiety. Establishi;ng a control or norﬁg?l gﬂ@ﬁi I on

val ue i s possible using standard techniques of sanple collection and

anal ysis, for exanple, haematol ogy and/or 25 cytol ogy. Standard statistical
techni ques camhfndteestel | ﬁ@ﬁ@%?g : e for a
popul ati on whi ch nay veéﬂFggg?QE%%Eggﬁ?%&)ccoun Paé?gﬁégéggﬁbggaﬂgéﬁylsex
and/ or genot ypubicets dufirmingfionba SR tfactim arTiSHEf dehecbonditioni dual or a
popul ati on of uninfected individuals. 30 A recent conparison of- bl ood
counts in venous, fingertip and arterial blood (Yang, et al, din. Lab.-
Haem 2.3 155-19%mcafifhiont @5t &l hedBdstiak ﬁ@gﬂ@h&gﬂ 800a05dd oRP R %}@P
counts in a defined human pgﬁ;latlon were as follows: 29 April 2 5
02/ 37119 8 PCrruysmcpbasied| dipssagmelec oelhnembes can bg apshyed usipg fhrordstemnce-

Eryt hrocyte c 7 + - 0 X 10 r Litre Platelet count. 222 (+/- 35)
10 per | o r fed et e AU i Sounidt i el oripeiB fen St £ e
enbodi ment of Geimnsa-Rajphe histlogdylteain.nVeiitetinely! RRomBlcd ddeRitoRic? AT dEs can
conprises assaying.for.the relative concentration of EDRF in sanple

i ncl udi ng cel | PRI, E3Pa 08 pisit o) EOWymwleﬁr%,ofnb@ampqi@éwtcéllsarsqslhaasel eg ,
3 oo _ : : prant
tor o Nbg, | RO R e of Hcopyte eyt A ittt 8. O s 40 ©

basophi | it er ponidbltasssss tholnpoibepofitejshinl 4 sampe wisinpabheasatserit, for example

ort hochromat ophilig¢ erythrobl asts, reficuyl ocytes (primtive _erythrocytes),
negakar yocyt eg?wefﬁ L\ I@fﬂeaﬁfgmﬁ%Ptﬁf%QC%E By H?Fk%ﬁfflhé@l“%ﬁ%n and
bovi ne EDRF anmofepWiidd ! @ibte3nd AmbBeoPpRglhior ¢cAiG &ﬁﬁ"ﬂi nces
are shown in Figure 4. The re a’fi ve conce(r)lt?agi on ofe EDRF can %ﬁgé@gﬁgd 15
directly by mREHN RAG semesolslmediun suebrFmsthyl edlinidse, aidecosningy @lomes.
indirectly by using BDRF cDNA to neasure |evels of nRNA encodi ng EDRF
which is indicative of the level of EDRF expression in cells in the

sanpl e. 15 r eddheiidentifitati®y 6f Se@btofbBic icBlld BE inteRBPLENE Sni Afliveay ik &b ol SE

i nfection (or’ %,ﬁTEE di,seafse condition) in . a subject. .
modified version of the antibody, for'example an antibody conjugated with biotin, or

with an antibody labelled with a fluorescent marker. Cells that are positive for the |
antibody of interest can be separated using fluorescence-activated cell sorting (FACS),
flow-cytometry or magnetic-bead separation method as convenient. For example cells

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

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:




Reduction in expression levels is in relation to the expr i vel s
which are present, in non-infected individuals. A nornal Qrgzﬁg?d@gn be
identified by assaying a statistically relevant popul ation of healthy
non-i nf ectygd hbRGLYyi dual s. Further diagnostic assays can i | use of
antibodies to E%I% whi ch can be 20 pglyclonal antibodi es%ﬂ@%ﬁé@ﬁgnal
ant.i bodi es. Pol ycl onal anti bodi es can be raised by stinmulating their -
production in a suitable animal host (e.g. a nouse, rat, guinea pig,

rabbit, sheef Leabdcyteddungoat or: TONKEY) %rlggt'@_?_ls ' itl‘il}uggrﬁhf-e the—present
invention is{ injecCted into the animal. |fl nécessary “an &djuvant nay be
admi ni st er ed | tHygibtdegte opiitth t he  subst ance {ef75 (8- (4BENN? paptigdt | ON.  The
anti bodi es.can t.”‘ie“r'b'e' ptf-HH-ee—by—virtuetof—thelr 25 pinding to EDRF of as
descri bed furlpﬂﬁ?efb@?ﬂ%. Monocl onal  ant i bdd2@&tcdm H&0 mepliieed from
hybri domas. oSRBi QkaBsh BY Tusing weirg Fins and —spteen—cet

whi ch  produde theg%elsniq?)gg ant | body in orcg}rigt@'mdf) ‘?iln imortal cell |} ne.

This is the well known Kohler & MIstein technique (Nature 256 52-55
(1975)). 29 Agxéial 2005. WD 0&/ 37119 .9 PCT/ GB0Q1/ Q4806 Techni ques -for .
produci ng nondR BIHEITTER SRR RE s amertyeldthe dnvamtien 1Be miethasl of disgmasicul ar

protein are newmpitds askayRbgHAte filattvBoRichtratidhHt FIIEE i sa&ge;@agg@g cEhepflard

i mrunol ogy textbooks, for exanple in Roitt et al, Immuno
(1989),  Chur & hematopaistipseryibioid. wagrkaryosyte or platelet bmeages thabbxprestBIDRE es,

bi ndl ng. o EDREet it Sar Pde e A% ol Bl B, EFER e 555 HRAS Rlee
and synt het i c GFGKB! reellss. plosaiRbEEstsf Baebhiangy ) 37,;_%%1%%%{6}{& '1§ebr

constructs are given by Dougall et al in Tibtec /
1994) . Anti bo8tEPRlgsient sortwchiematapbilic orerutbahlests, Fabiculqeatsy 2 dpombtive

fragments (se békesSt ' ) ra can_be nmodified to
produce a syntheti c)tth:SZ’nlsT%%uct3 E%%\%mmadsiytgleéf- ngﬁgn%‘%gﬁoﬁa?ﬁeq"(eg?ﬁv?temul e.
Thi s i ncl udeshsmpepnd dovitenEDRFC ancaklomin $h [Foguire Y abdd the) rodicté® Ghas acihi ch
contribyte to the stability._of.the ecule. 15 G her synthetic constructs
i ncl udeliéDR pEHPPfEE ar 8‘3’%’% @“%Fﬁg‘i #eiahﬁfsﬁpnmaﬂwtﬁl?w aep bpessgesd
bi ndi ng det er gireblHLS- mERRH e BVERL FEDORPYrodis : or 116 | es
are usual ly confor trlr);y_t i onal I%ﬁfest ricte oggarﬂ?c ??ﬁgssﬂmﬁlgﬁéﬁﬂ%@‘%ﬁ% .
structure of BEDEBRINGo awedswehlesielsi afchRAA encodige BDRE ehivhtis ielicatite o€ e ns.
esi 2;2?2 Chuﬁgﬁﬁéléomﬁgfpgeésﬁﬁlﬁjge scnq Ithnéas%{:nlp €. nxlrg(fu%{iglf n leve]st] stﬁpﬁﬁrm 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)).



20 primatised) antibodies or derivatives thereof are wt h'bgAi)szo%%ope of

the present invention. An exanple of a humani sed anti body i S an anti body
havi ng human framework regions, but rodent hypervariabl e regions. :
Synt heti c cwstraae®s al so i ncl ude nol ecul es conprising a %ﬁ? t | i nked
nmoi ety which provides the nol ecule withesone desirable propée #g&i’dﬁ}’(%
addition to antigen binding. For exanple the noiety may be a |label (e.g. a
25 detectable | abel, such as a fluorescent or radioactive |abel) or a
phar maceut i cal | fedmiquee fomgrvitcing! hwonaciondl Oglide polgeionlr intiBddide iR HEA o a
specific for EDRE .halve a variety of qther uses. Thfﬁ; can be used I n

o]

purification anAT8FHF RN 218 OWowelh fevelored im et art. oThey arel discutrad iBRtandard

expresses EDRF. iﬁuﬁjﬁéﬁ[@* i . agnosti c thod . :
according to the , _| re__s_ent?oqﬂﬁf\%ﬁtioﬁ.e%fstﬁgirtt%ﬁzg]g}r"{e%lg%@@f ?388{17%?‘5}&0%@5[88@ e
anti body to EDRFhurchillfiXingstonedaindered or purified by 29 April 2005 WO

02/ 37119 1Q PCT/ GBOL1/ 04806 one of several techniques comonly avail abl e
(for exanple, as described in Anti-bodies: A Laboratory Manual, Harl ow and

Lane, eds. Col dinSgditiog tdiahble antiHoaRe B prayenPhiesion f ' uj1able
t echni ques i ncl ude tide or protein ﬁlrgffi-ni ty_cﬁém@n%ﬁer%@%ﬂﬁm '
purification onfPFiReBiesf gt BPRFn Timieibe preseyt infentiondaciiles aititody fakmemes e

techni ques. RecauiyRRbg | i can be prepared according to
standard met hods, al;]d acs?%)%ﬁe’%%?or S gegg%ﬂgg)??c@yf%mﬁ%ﬁﬁﬁg§mﬁc 8@@&%@%
general | y avai | gitineby Dougallcht mf) iETHEA 1ABE2-309(SOh@bber S SRS le
of one mewod ofclgﬁ-%wrﬁﬁ@rbtei n egéﬁéged in@ﬂ_ s%i#%logﬁ%%%@
western bfotti g e, RO FGPd nands Fp i {pqs! Boittest alofsupe]). Fv
fractionated ”ﬂ"agtt@hts(i&ﬂ%kﬁoh{&dﬁpﬁg ) aa%}ﬁjﬁ‘ﬂl gggg l, el ectrophoresis._ The
m xture can th??ngﬁ %ﬁgsfffh; ed a H?%m i |e§g15 %I?BW&Sﬁﬁﬁ’@?eaﬁJ@“bEV

ni trocel | ul ose (& Vh y This cludebd petidedinkdheovaRathe shisiBa v, ap@ V-Sr

i ncubat ed vvithvaﬂﬂé ﬁg@ﬁeﬁnm&bﬁgé, 'I;Qe rfesulti ng anti%en-%mhi body] g npl ex
can then be detected by a‘i} FrPaaty of them E¢€dure. For exanple, a second
anti body, .rai sed agai nst the anti-EDRF anti body, to which a reporter

noi ety h bee I nked (for exanpl e horseradi sh peroxi dase, al kaline

phosphat aSe) caft'Pe¥ fl. coppfgictse aiteluden CPIRo geptidesie n @heee areb yyrilstit MBeptidled ON
can then be ugggnti 'Q,q%g@‘ﬁl eiposition of .the.target protein on the
menbr ane. I\/EasureIrJr%érallt]é 0 t%@%%%é’"a tg'nz%ﬂ}éécr@%‘?achﬁmiy?lﬁon'%ﬁ v VEhess
the | evel s of tmlegules prrotwialyp caomiationalB0 résheteda Glatic S SR hintid ¥ndf

the detection m ca [ roved. by using the
%CE‘IS‘C of arbll}ﬁ loorH) and which %nclude a%tigen—interacﬁve 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




biotin-streptavidin systemor by chem | um nescent detecti Qt'é'A | L&danat i vely,
| evel s of EDRF protein can be assayed for by the standardtechniques of

radi o-i mmunoassay (RIA) or Enzyne-linked inmunosorbent assay (ELISA). 25
Ant i body i swbiopkmdoto a reporter enzyme and then inmobili s?& 3’ 806
mcrotitre plate. A lysate of a sanpl g to be neasured is & REEC ¢ o

al | ow anti body-antigen conplex formation. After washing and provision of
substrate, . Ievels of product formation are proportional to the |evels of

antigen, i. t‘éﬁegef etk itechnignes @otnnicaly RSP |(for ADRK gr r@%&_&%{ll s the
DELFI A system j\ f@gg i@&g resaol ved fluoronetric assa The

Resear ch™ Syst erfi fqe‘&c% fiogs Merwoaf,) Hardex cadcbanst aded §lob1 Speing tHigbor

| ant hani de ser Im{mﬁ?lﬁwswg@%tu gg llfmblle}"fgohlﬁ tergﬁq ghﬁﬁgﬁqugg’f%&tqed

to nol ecul es that- fl uoresce I es are
mcrotitre a%f@@tywlmmﬂé’mmxm H@L@apmfmanmaemw&q)rb inrPd¢ the

plate to Iow A% Q 02/ 7119 P /04806 11 anti body-antigen
conpl ex foé nat | on Aélrpggwa htg\o ey ﬁgﬁ%‘i“ﬁ* rf@lbodese tq) FENRIA man dfe RNA
transcripts enguepang &Bﬁiﬂnrgetad;}anﬂaﬂ Jﬁé‘fﬂé&s&h@&sﬁﬁa fgze @%@% E%TUSL

Cl

northern blottin Thonmas Proc Nat'

(1980)). Bri ef IR9° Eﬁ%gqﬂe@aywlq‘)}e@mcbmﬂlsa ABQ, dottblanstaysierd onto a
nitrocellulose or nylon filter for subsequent use in a hybridisation
assay. The RNA is el ectrophoresed in a denaturing agarose gel before bei ng

transferred ont® exampibofioee methodedf dssaybpfor 'EDRF afkd [ tion
of an el r| C%ﬂfl r-adi oactively _|abell edgmz\@%i;ﬂ%s&@% &Hﬁ)]ea?
specific ﬂ\éﬂoﬁglghy&lleﬁré‘gd’ fi pyofeis ﬁ'@lﬂtt@? Sibm!lndnab()cﬁ\l@e mcmmde
detecti on AI t ehr deahivirin L ed us t agna

which is a real - ??gr]rje quant???tslﬂ\%ﬁ@l@ %r 0C & OI%%SJQ‘%’B&?’P% B:gpn be
derives from t H énﬁf%féﬂdoﬁn%mmqbﬂmst@mce sehénggmb:ﬁﬂél%’feﬁtr&déﬂﬁl&e I%E-C}Q@

the "invader" I;B y&ng 3 d| scovery of a unique_cl ass ol}
structure specific en P e Isc \’/%‘@%t?d WlﬂwmeEDBil?daImbgdﬁl

probes are desTheaeadsiutiingl anti é?xl‘-érﬁibé 1R | ' ta
DNA/ RNA such t hat %ﬂe |gr1;vad%r robgy dll@gé{;gggggé%g?t ?gtfg]c"tg{' ]{Shh ﬁﬁtﬁf’l

probe. THi's f oPE® "st*?q{@f‘ﬂiﬂﬁlet #hsgeopd @Il@adﬁselsecbmmethemhmmmoa fand
cut, thus creafhp S_as of the’ |nvent|on can
alternatively be gg?leﬁ as egyﬁrgeﬁq%%éﬁﬁke%& ?ﬁgﬁ%gﬁ?%?emdﬁﬂeﬁ@“%sés@ﬁ@@eof a
transm ssi bl e ﬂp@ﬂgﬂtﬁsa}ménadml'ﬂmbﬁmoﬁ Fﬁtﬁ)lcﬂ (F@?%eﬁ@&@iﬁm&&%ﬁ'c% ?’%n

0 er o

assayi ng a sa tained from.the ani ma ermné t
ying r’@é sed ti’o mdxcage tfhe position o? the target protein on the membrane. Measurement

of the Ievels of enzyme reaction is indicative of the levels of target protein present in
20 the sample. The sensitivity of the detection system can be nnproved by using the

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, mcludmg europium, samanum and terbium, when cheated to
molecules that ﬂuoresce Antibodies are labelled and immobilised on mictotitre

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




haemat opoi etic cells of the erythroid, megakaryocyte or plat rf?Eodé neages
in the sanple relative to a control or normal popul ation val'ue.” 25
According. to a second aspect of the present invention there is provided a

met hod of wbDagnoess for the presence of a transmissible s i
encephal opathy (TSE) in an aninmal, cofprising assaying a %%ﬁeoq/@g%ogi ned
fromthe animal to determne the relative anount in the sanple of an

expressi on product of a hematopoietic cell of. erythroid, negakaryocyte or

pl atel et |i neagasibodihantiéR E&HSlR RorRGRs) CAfH a@lgiﬁ oietic cell. of
eryt hroi d, megakaryocyte or pﬁlatel et&lq-lpneages .ogbsg%gisa%ssggt g be as
descri bed above. Methods for sanple analysis and detection of expression

product can be L gve.. WO 02/ 37 PCT/ GB01/ 04806 12 5 The
presence of a 'I:ﬁé%]{il%%g%é %‘Sl &ﬁ%cppgaeﬁc%ﬁngeéﬂiggwaé{pé% BProFeian sambe adsiyed
assay Wi thout foetsugnatcooblolitiggTherdls, PUSDPFol VaPe TRIL RO ‘?}'.8';407'/3%(1&%#;93 the
sanpl e, ingwhi Q@Whg%xg%ruﬁt of expression product Is conpared t0 mal
range identifi . b atuaedsRﬁﬁ feqm saanply cells|ie tramsfermdpmkes hitvocefulose
heal t hy non-i nfgck | R,V i t -t.hird aspect of the
present invention fﬁ%rgﬂérs[ﬁgﬁgilﬁﬁa‘é@ﬁgq{??tgg& %?ﬁ%&lsaa‘loﬁgﬁ%g?s 'fﬁ#ﬁ RANA is
presence of a teleghephiosssed irea dpmhwinkaparosngst PoRIORH G alsEREY dufd Ahen®RigTe! |
where the kit %ﬁg&r gs.grll%a tibody to_a cell of the hematopoietic
erythroid, nega ary(s) ppllary, pe na‘?"e‘ﬁ’é‘?’-’ fhernstigreel an elentrignk fitddd\A radiEDRRFelyl N
alternative 10 IshehabDNANGSR | i on, . the kit nma
conpri se anti bg& es to both éﬁc(ﬁp@%?@%ﬁ%ﬁm &%ﬁgﬁf@sﬁ%ﬂ? ghﬁ‘,'b"“jn
megakar yodyt e BNA|tat enable (deisetioges AlteinatiyeEDARNA Swvels cisalbe aMEAMALYY ulihk S

|1 f " L tivit f the .di. ' t hod. Anti bodi
Spcitioto cel TaP™ N bt X staf i BHIRS Aok Chegaratuye whoss sciiciyel et
15 |i neages ar derives dame thd ask aﬁ@vmor&a&ﬂcé%ﬁle@aﬁnﬁsaﬁgmgﬁ gfoggfgg Q?{S%lg

descri bed abovg.g‘%ig"Assays for the binding o
perforned usi ng™&@dshdsrigolegychased) on dhe disvryary oba anlqabickss of btradurkelsp Shfic ABC,

dot - bl ot assaygndoAtldidst ' | abelks such. as, fl yorescent_ or

radi oactive markers Jr:]%l;:/ i goegz‘t,lg&ag&ﬂ%ﬁ]&aée uﬁalgaﬁow, °f e tdesighed to

sour ces flom whybsidise anprivedapping ki&satmsmyeﬂ-getaDNAmN!Augﬁh%ﬁqqﬁ i¥adbs gﬁpgons
t n

t hereof, or Ot&%laéei $syes a{}_dtflor. organs. Thus a nethod of e pres
appl i cati on may i na 2RCrH9R QF the;signal Peobee dibisigrag 2 Bressate fizsi deafaseahizyme

thereof), ti sswill reedpMselan® cAAMhas Behi@fo detectdh Lon or transplantation
into a recipient. 25 The source of blgooege,c oféﬁzr)g?:cﬁ'ons. t hereof, or other

ti ssues and/ or organs may be .
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 animal,
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.




all ogenic with respect to the recipient, or may be xenogeggiﬁ?"me a
sanpl e shows. a positive result for the presence of a TSE I fifection using
a nmethod according to the first aspect of the invention, this will enable
a deci si onw@®ohe1icaken to avoid using donated blood, (or ,}@ﬁ%&g{f
thereof), tissue, and/or organs fromtfae individual whose 6 - %as
anal ysed i n subsequent transfusion or transplantation into a recipient. By
such neans, a potential route of TSE infection into the general population

b i dedh - y 23 . i vely,
may be avoi dedhe3Resbiida of 285 lmnoi%&ﬁ?dﬁélgcdﬁt(;’la—é %yslgefdgl;ﬁ#eg%ﬁ% ﬁflyggs'a\)lfe y

t he screening. rm.%f]ocarri ed out on sanpl es of ood, (

thereof), tissdBhodixgfesence iqyhssciyel mmbes of hengiepspeticatellin e samplepowhich

tissue or orgake ¢ i1 - . ct,s may_include. bl.god plasnma or
concentrates of ta”bl_oo@ oﬁ@%ﬁéﬁpﬁgﬁ (1)3?{3?1%%@?&0 3?&‘%& HE’)@SF!%“E’?‘G AFRAYINR,
Factor X, Facestatividally Feetantpoghlatiohofiaalipy ndd-infRedmdiNghdls. Factor VI11C,

Factor VIIJVvWFAg, or hornones such as growth hornone, erythropaietin,
thyroxin or insulin prepared fromwhol e bl ood or another tissue source.

Accordi ng to aAkcestaide 8PS | ; ] is: therefore.provided a

met hod for 10 the |1_])]}rgeparg!fﬁ?d.‘oéri:’{)%01rct f&gt}%%‘%%%}n%?@g%&ﬁ{ ﬂ?ﬁi‘s#ﬁ@%‘{)éﬁi’rﬁﬁfs‘:bﬁg

assayi ng a sanfiagnesis or ghsopressnee ¢fn pamsessibée gfongiftrrm plsdopatisy @hfagrm

encephal opat hy_(: ' aninal  fro ich t e was, Qbtained, in

whi ch the assa?&%%qeg%éhg&ttcé’m?w %“%%f& %i?‘?qﬁ%ts‘%gﬁ'ﬁ@ﬂmﬁﬁe% eatlaptd.et i ¢

cells of the emgbikatiodyieneg PAEIHO Qkbaped" o laat %tﬁabdy'ﬂonﬁﬁﬁﬁﬁ i?}]tﬂgi% H*sa%%l e.
€ ‘method 0

15 In a preferred enbodi nent of the present invention, t
di agnosi f or SbRmERts eE Hiscaspect af the amventiens iths 15t mpy nomprésermtibetiahe bopas hy

TSE) in th ' b f d Il . 20 - I
Coll ket fon i natto the hBuobRLRod MR HoBEhh BT fr Bl saSoss angitn DB of
bl ood cl ot f or Bruchidwal amibbdy titriasy slfoaser pRbicy Sensitiv ofi@k ﬁfa@x&iﬁ@ dolda,

rel ati ve nunber of hematopoietic cells of the erythroid, “negakaryocyte or
pl atel et |ineages in the sanple by (a) direct measurenent of 25 cell

popul ation in samdtes specifi®lo LandioF Af! ' @meéf* reference tg a
expressi on product of Sguch coe eF! I?E%ahggg %’fﬁgg anp ‘%?ﬂeﬁ%ﬁﬁ”ﬁy@t(gﬁﬂm@&tw
encodi ng 1EDRF yteagesiary as described above. Antibodies to EDRF can be mads as described above.

Assays for the binding of 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 safnple'shows-
a positive result for the presence of a TSE infection using a metho& according 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 éubsequent fransﬁlsion or transplantation into a'recipieﬁt. By

such means, a potential route of TSE infection into the general population may be
avoided. | ' |




An exanpl e of such a preferred nmethod may conprise the st %Ap‘?ii 00"‘50 (1)
sanpl e collection and/or preparation fromtissue source; ) Opgl onal |y
| abel cells in sanple prior to counting of cell nunbers; (3) determ nation

of the nunbwo ¢afs7tiemat opoietic cells of the erythroid, ne Qcyte or
platelet lineages in the sanple by either 29 April 2005 m%gé?%%¥806
PCT/ GB01/04806 14 (i) determ nation by manual counting; or (ii)

determ nation by automatic counting; and (4) conparing result with control

reference sanplflematielyn dhera¢reannign eyt ekied ol wh aiples D B0t @ RiEa¢Bon
met hod may con%grggﬂt%%ueste&s of . (13 sanpl e col l.ection and/or preparation
fromtissue soutce, (2y r<orat PERHP ?&HBF%PWPWBW &f aplapdmrt tissué ot brzanel | s
of the erytbroitshsed prodadtarSies Wikivets RhALfhels b ay. J.evel s
of expression pr, oduc%sr in cel I)pg for e)iarrpl e Ilmr)l&ggglgéﬁnjog (j()iéiveenlﬁzl esoqfllgﬁéi.
expressi on, ei tHSHNY factors seetps for| exemple, GactEDRE; FaotireXh) Rastog VIRYFabbsit g1

bl otting, 5radimErNn | SA); |1) determ ne |evels of
MRNA usi ng5 cDMﬂprobé??é. g. Ey@l"‘ﬁéﬂ’g‘i N a‘%@“‘&ﬁﬁ%ﬁf PRACISERyCcly 2p) growth
conpari ng resulhormpnen eydibpaibtin efyrognce Bl SrehdredNFRY Wﬁbleuﬁl'g&ﬁ e¢lad

i ndi vidual . Control reference sanples froma normal uninfected I ndi w%fﬁ’étl
may i nclude po i o%e'sarfpl es froma popul ati on of normal uninfected

i ndi viduals sufficient to establish. 'a nornmal range or normal value in
statistical analysis. In a nethod according to the present invention, the

nunber of “hemat’$peiding te adetisaspéct of the javetttiondhete ibgRkaRe pREVAQ é)ﬁle%gtﬁ{] et
| i neages n b ] rnespect to an, . expression product of suc
cells. Thle(baex p?ée?gllgn pgrg(?gﬂﬁtcbﬁ]oogé’ﬁg‘ﬁlg&g‘ep‘?’ﬁ%ﬁ ROMBHSINgG,) a3sgYIag eisamplemt tilbodcan
be the mRNA nolfeciht ereasetMoiidimitid Shdhelbnh ShybRRb ycilele
according to the invention, the di ag_noglib;s of "a Ts%ﬁlgl%#’%@ i('ic;%]Eﬁ?nﬁjﬁ animal
i ndi vi dual bei H§"a¥ish dbe samplowamabieingiemewhich thessshy cahpiidte deasMahgS a
reduction 30 i r.+Qf |.s,.of henmtopoietic cells of the
erythroi d, mg%&%%o%ia 8? %emﬁt%bmetlc ceﬁ's oF Ehep erythroid, megakaryocyte or platelet
lineages in the sample.
15 . , _
Ina preferred‘ embodiment of the present invention, the method of diagnosing for the
presence of a-t transmissible spongiform encephalqpathy (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



pl atel et |ineages relative to a control or normal popul at iZQIA i?ﬁdﬁ%' WO

02/ 37119 PCT/ GB01/04806 15 A control or normal popul atiof vEe may be

est abl i shed as descri bed above and can be based on an uni nfected

i ndi vi dual yah gBsRpPul ation of uni nfected individuals. Pref e#{},f/g fg&ts res for
the second and subsequent aspects of tfie invention are as BR first
aspect mutatis nutandis. The present invention will now be further
described with reference to the follow ng .Figures and Exanples, which are
present for the purposesg nlul#,% i pavention and are not to be
construed as being |im t?}r)\%?tétRe e%%%g%ghﬁggﬁ%g{ he followng 10
figures: FIGURE 1' shows(iia dgtemathationdyy antddDiRE-dORIge kndonpari ng 'a subset of
expressed genes in f@t-c%ens.of -.agjg d sex .matched cont rgl and scrapie
infected nice (intFACEPRRMEE 98 h gonel TefTrace sagple. fpmpowak pninfected

pat hogenesis. 1, 10ijpd&ydual5 post-infection (dpi); 2, 20 dpi; 3, 30 dpi; 4,
40 dpi; 5, 60 dpi; 6, 80 dpi; 7, 100 dpi; 8, 162 dpi (termnal). FIGIRE 2
shows seqéence identity of eDNA isolated from DDRT-PCR gel shown in Fl GURE
1. 20 FI GURE 3. ShoMs j Cl of. murine and human full-1ength
EDRF cDNAs andggovi neu%%tlﬁ%f #E)E%n e%ﬁ%%gpscf‘—fm | -length-(a) nurine and

(b) human -EST eDNA ) samzsic vallcetiohiil/sraiepatatindiont Heubliemee; Cenome . Mappi ng
Project via the II\/A(% .cqnsorti um (LEI\/AEE hDs.466407 and 220221 25
respectively). eDNAEIfORYN,of sgmble of fslin o ghmatepaigicnaells af dhe cvyheid, o
direction. (c) Party bovi ne EDRF synt hesi sed fol |'owm ng
nested PCR with degigﬁéeag(ﬁcof)?glgﬁﬁgﬁ?gg?a%%s' as stated in experinental
backgroudl. 30 FI GUREFassay kevels ofekpressimi prodwnisimnmiis,obr Momgse fnabskinB levERR

and partial bovi Qﬁﬁ{ﬁf@ rotein sequence. 29 April 2005 WO 02/37119 16
PCT/ GB01/ 04806 FI SQ8s%hlhent of nouse EDRF and TEL to the sane

g](can.(r)nr?uge l'ocus and anal y§i getefmihé AFQE | ¢H EORFEPrALMONSe. 6F) WSk $idtil Ot
- radioimmunoassay (RIA), or ELISA); or
(11) determine levels of mRNA using cDNA pfobe (e.g. by Northern
15 blotting, or RT-PCR) '

(4) comparing result with conirol reference sample from normal uninfected
individual, '

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.

|
1
i




genom ¢ DNA digested with various restriction endonucl eas%@;ﬁi 6U5°b6d W th
radi ol abel l ed full |ength nouse EDRF cDNA; (b) northern blot o? various 5
nouse tissue RNA probed with radiol abell ed single-stranded in vitro-

transcri begyd phopfeobes. FIGIRE 6 shows tissue distributi &ﬁ%@go% and

human EDRF nRNA expression. Northern @gnalysis of vari ousol!(p%9 and

(b,c) human tissues 10 was perfornmed wth nouse and human radi ol abel | ed

- cDNA probes. FIGJURE 7 shows northern anal ysis of EDRF expression in control

and scrapie-igf hos ' . ' | sol at ed
From cont rol dndeasas sBufabopRafs FRECAR BoLtiant X 80mirbolipd §iLene
at 15 vari ous bsthagwonon whinfectsdindavidvabergwripslatitio pf ephfeand ifdivddualar i ous
control and scrapie-infected iribred nouse |ines (VM and SV) ‘and ‘hansters
(LVG. Scrapie strains were Mel, 87V, 79A and 263K and incubation peri ods,
of these nodahefeat® fdaftfléscRt 8 sedoRd ARPRBsERERAHRRLMIOINSertloR Atk 45 B he -
control and scrapie infected mce (bone narrow, VM m ce/ 8/V scrapi e
strain, whol e fistpspichaatalicTrBIdif ce/ Me7 scrapie strain) FI GURE 8 shows
northern anal ysis of EDRF expression in blood and bone marrow of natural
field cases of TSE di sease. (a) Sheep were age, breed and sex-matched and

|
]
were of the safte gresengmventiomewl( Ry betfames eaided wiltbrefadiceab tRNbIRGRP! € 1
|
|
|

sheep bl ood sanpl at ‘the sane tinme; (b) EDRF expression in sternum
bone marrow of I%%N%dg%f%l?sywé@ﬁfaﬁ PFé%FnﬁgE‘%ﬁ Pupesss of dhistrptingdhe mvgntion

first apparentydiggooh @&ﬁ&%&&%&ﬂ% LGRE. Okeféén%@dgggge follo

determ nation of nurine hematopoletic neages t press

FI GURE 110 shoutgufasr t her characterisation of hematopoietic cells which

express EDRF. Abbreviations are as followed: E, henogl obin-positive 29

April 2005 WD 02/37119 PCT/ GB01/ 04806 17 nornobl asts and reticul ocytes;

Meg, nmegakaryocyt eFIGHRE, 186w RNBARS fronNQUDDRIEPER OB dofipalihs ta tsd@étt%{':u 'E
hrocyt es,; :

cells; BFU-E, precursor-producing colonies containihg eryt
henogl obi n- negat i vE&xXpressed genes ipsplesny ofiagsindsex GRtshed sondrpd andsdeapie Rifectdd
shows assi gnment Ohi%ﬁﬁé&%&? %(;u?er} at Qm?o%g%{a%&ociote c{isise%'se ga%llc;g%nesis. 1, 10 days
15 post-infection (dpi); 2, 20 dpi; 3, 30 dpi; 4, 40 dpi; 5, 60 dpi; 6, 80 dpi; 7, 100

dpi; 8, 162 dpi (terminal). '

FIGURE 2 shows sequence identity 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,




committed to the erythroid |ineage. (a) EDRF RNA expressi A& 6? mar r ow
suspensi ons depl eted of specific cell |ineages. Lane A, un r'eat whol e
bone marrow. Lanes B to G represents bone nmarrow suspensi ons 10 depl et ed of -
CD3e+, CD1Wpg¢oz/8#4$RB220+, Ly-6G+, TER- 119+ and Li neage- ngﬁg}#&\é@ ‘%ﬁé

cells respectively, (b) & (c) Schematig representation of B tic
cell hi erarchy Abbrevi ations: Mg, negakaryocyte; E, erythroid; Mast,

mast cel |s; rracrophage Neut, neut rophi |; B, B-cells; T, T cel | s; p,
progenitor, BFU— E/ erythroid 15
progeni tor Fl GURE 1 Cgm\/\ﬁl ch a&g?g]grgg #)e %@ﬁé‘ﬁ%@%ﬁ?@m SEIVRE 13

whi ch shows a di agr kenofand raealmrmfmogpt eriethlicns O () NSoBMKNERE Gf BOuse
lineage. Materials and rre &g"g Al tissues from TSE infected mce were

obt ai ned fromthe NETHOYHSG Igestodovitiyarious rgstyjctionendasiielgases Bidmrdbéd with

control and nat ural 3R NPU.

Ti ssues fromfield cases g??g%léle\ﬁ;\gﬁgjﬁ%?al nedqgr om ﬁ:ﬁ m@ﬁ% @g%ﬁt?aYmous

Vet erinary Labor at ompugeC¥isyue W@Vbrprdw vrittmeradietdBeltets spiglechiagéett fir OMiro-
Clontech, UK Anti bg%kgﬁ dcra)c e agal nst nouse hematopoietic cells were
pur chased from Bec lﬁ UK. Davi ds Bi otechnol ogi e, Germany, have
been contracted to synthesise m)use and human Erythroid Differentiation

Rel at ed Factor 30 (%peptl des and produce antisera against these
peptides. Human and §hows héﬂﬂgtﬁsmbﬂwmm\mmraaddbmﬁbm mRNA

f f-ch th Pro th
| VRGE. consor o1 um | +Eipbeesiol AR, SENGTor WEPR: 9 sbkaty Giohhuman derusm
Nor man | d6ove ( Canastayper@mépwith mdQfferdBubidh 37AIaLRET CORALHHE06 18

Exanmpl e 1: Analysis of gene expression The well characterised Mel strain of
scrapie was intracerebrally injected into C57B1 mce as a nodel of TSE

i nfection. Age and p@m@@t»pgﬁ smnﬁﬁh r&al . BF aelxl)%ssaé Is njCZ’%é’ ﬁé\ﬁmgt h

20 td of a 1;10 wv of normm braln nate rainstan
col l ected from contﬁctﬂpl%mﬂecﬁeEsPieeﬁ,em:mdnmowedxﬂ whold blocd), (a?ORMQ iséi@ted 80,

100 . and 162 days ctl on pi presents the term nal
stage of disease i %31‘{15;012& dsera t‘ﬁﬁ)e"tﬁf{liﬁﬁg§uf’@gpg’(“éﬂ@§7§h linghepleges at
tissues afd used asvariotPhiaid dflisca¥d pitsHeRsiS DINsSIHER OB AhORScdidlol and
subsequent Differential Display Reverse
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



10 Transcriptase Pol ynerase Chain Reaction (DDRT-PCR). r RSHR2bSs @
powerful nolecular tool which allows visualisation of gene e&pressi on in
any particular cell type or tissue via the creation of RNA fingerprints.
Genes whic ifferentially expressed between two or | es under
study are ?Ve(ggﬁgigf dentifiable and reggoverable using thi ;@éﬁgﬁma(g

DDRT- PCR anal yses were perfornmed essentially as 15 previously descri bed
(Liang et al Science 257 967-971 (1992)) Wth nodifications (Mele et al

Bi oTechni ques 25 (1 44 (.1998)) . Usi DDRT-.PCR t echnol ogy, the genes
expressed in the sp %’éﬁ"z’hﬁ? _ cée%gﬁl)o\c/)gPsf’o@%g’sfjgéwy%E Cs gé%“éol’hage&

pat hogenesi s were cbigpanedirophils BRBCSnSX WeA§SBRULE), ﬁz‘é&irﬁd}g)r cﬂ%"%oloﬁﬁgds
representing differentially expressed cDNAs were recovered and cl oned as

. . P OV ¢
previously 20 descr PHEHMERI elcgytrpeyes: | n Clhs os bppnslobinaegaive, eetlls  at

McCl el | and & Par dee Q@y@ﬁéblﬁ%%ﬂﬁé- tick: Eaton Publishing (1999)(a));
"Mele et al Prep. rioochem i ot eczﬁlt.ag 9 (3) 245-255 (1999)(b)). d oned

cDNAs wer & sequenced and identified follow ng conputer-assisted honol ogy

sear chi ng of the puljAd | eotide .and protejn. dat abases. . d oned cDNAs
wer e useg f or rad?oﬁ:ﬁl@#mgs g ARy p‘?ftoﬁjggl:l FPRESFIOR P rhemmatpporetisoenlifer n

hybri di sation st udi gsnagearid prgit WPSR@@ :
"Ml ecul ar doning: A Laborigtﬂg_rgy nu‘glr]ﬁ],aﬁ | W(%orgk: Col d %%é@ﬁ%mﬂl%r Sor
Labor at or yPress (19%Wawyw spspegbionfe depleted)iodrspedifio celllinesRF hared &; cmntreitad
sequence for use as h | agou [ t.0 bovi ne sequences, the .

Pol ymer ase Chain Reac 1?8%;%? 5%50%3&5% %S?re(?i I@F%t%t ﬁ@%f%‘ﬁﬁr‘&‘% fijpensions
degener atié ol i gonucdepldtédier PD3TECH1 @Y CTOMRMR2WENDRIEC IR 239" LR PInRh&-
Prinmers were designed on the basis of open reading frame honol ogy between
mouse and human EDRIEB2BYS Aghem) 0‘21@05359'@“0216*87@1@5_](% SArnebio 1 reprsosatiml of

2 O 19 A IR M A SR 8 ety

5' - AG( AG) AALNTC( GT) ( exgBiiodd; VRSt i ABCEl) SB[ ACEREpRageNewmt] nénbophil;BER3WeNs; T,

b i mer s, and oyol edt A6 prigcEeation SRR, P xd eaone fprving wptrav@rai
prinmers, and cycl ed = B X : g U Ahd
72' C for 15 mnute. ég&g@_litoPCR product was used under the sane conditions as

for first-round P with the exception that ED3F and ED2R priners were
used for 10 nested PCR A DNA PCR product of the expected size of 168 bp was

gel -purified and  pGURE 12 which shows a diagram of the hematopoiesis.

‘FIGURE 13 which shows a diagram of the hematopoistic 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).



cloned into-the T/A cloning vector pGEM Teasy (Pronega). HB 190

I solated from several clones was sequenced in a forward and ‘reverse
orientation and a consensus partial open reading frane sequence for bovine
EDRF conpi .g] The source material for this analysis ;%FE I ssue
pool ed frc#nsgon Er}%l and from scrapie;{ M7 strain) inf ec\tNggT C@Sﬂ;o; :

: (intracerebral route of inoculation) at various defined stages of disease
pat hogenesis. One transcript was identified which appeared downregul ated
in the spleens of TSE-infected mce at the latter stages of disease
pat hogenesis (Figure 1). cDNA-representing this transcript was recovered

fromthe 20 DEXhnfERl gehalysinef gehe dxpreSim e- anpl i fi ed and cl oned i nto the-
pBl uescript 1I_.SKI I+ clonin ctar (.Stratagen result jgure 1
P how o panel TS FisreFpeR MET So s o ge 1S dRisereBrlly Shrted s in

spl eens of agenadds aNodEPSLTSH iFBRIdnO! AgNshdS§ek aRitéhel ThiRE WRde iﬁtx%@er%ﬁrall
(intracerebral route) at various stages of disease pathogenesis. 6

post - i nflect i dwegiepmith 20, pIad il @y dmotpal; brain hamogeiate. SBraGs aipl $plﬁ?,ns80

ownr ebul at o0 14 SRR Sk pantol 450 ASFYBREI) AuTRLR 0, 2 Sl ek ;o "

Bl t K
Bi oTochni Gues 56 (1) TR Las (oD NF ol D e B0 Sl Bsedblo

Genetics", ed$hs eTOTahEN& Wa$ @B@@tedpﬁges padal’ 4sayes Nadiuskd aEienaplate to

Publlshlng ( oche 9 ( 245- 255
(1999) (b)) | revtbisfienoRNAE S iigh] BBy Hsfifeel Cotty@iat sy  Bhverse
PCT/ GBO 11m480¢r§£saﬁ;5ta§e¢cﬂaﬁwer5s%q®m§ RegctiohqDIDREBCR). DORIEPER- RSSpEwvathl
honol ogy searches of the _public nucleotide and protein. databases reveal ed

that this cDqul%cﬁF%@ﬂt%claal Wﬁm@hsamn oh senSCEPRSEPR 4R jaHE PRBisylar cell

Erythroid D f r on
AF055085, AFO%@%Z(giﬁﬁ%?fsa tgéé%%ﬁ RN gﬂe@cﬁ’% onTV§ﬁ| ﬁﬂﬂihe pg’ﬁ%ﬁ

nucl eoti de dalea;bmmed beHmmm ot momaldam]plm uhdnrrmt@hmgreadiERmenﬁﬁaﬁle 1ma%
honol ogy, the DDRT-

gnent 100% nat a the, nucleic
aci d | evel wif#o¥@ |“Fm8 ﬂ?ﬁﬁ?e HBB#& &Pﬂgws e Fresgfially as
( GenbankyAccesvashsVIAZAGE Mlang! & dianct 187 ogylo7 R0y k@l ndaisERERE CONA

sequence matches nouse TEL c 100% 1 n an anti sense ori ent atlon See
Figure 2). 10(MigeetabBisliohmiqsen® (el 38kt (1998)bf UsDRDDREIRAR technalozy, -

DORT- PCR gel %O\é@nésnexpressed in the spleens of mice at various stages of TSE disease

days

pathogenesis were compared with genes expressed in comtrol spleens. Bands
representing differentially expresse& c¢DNAs 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 saquencé 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. '



Figure 1. cDNA has a 100% match at nucl eotide level to po 'tquirl1§0 63 to end

of 505 nucleotide Mus Musculus Erythroid Differentiation Rel'ated Factor
nMRNA (nEDRF). However, it also has a 100% match to positions 796 to 582 of

Mus Muscul yo e$1165 vari ant gene 6 (TEL oncogene) in an angi
orientation. Positions of DDRT-PCR prignmers are underli ne?é'l?gg&g%?ogi | ed.

conput er - assi sted anal ysis of both EDRF and TEL transcripts indicate that
both transcripts are encoded on the sane genom ¢ |ocus, but run antisense

to each ot her. HRFcHAANRGABBEEAGCTINECHIRERLCT)GRRHicensof the
sequence i ndi ch%g. ga_ ég% d&l@ é cerssi on nunbers are ‘as foll owed; Muse
EDRF 20 (AFOSS%%;R’ AE% (%)% E‘ { RO EETIA(CHAGLCENSE-37 epr esent i ng
full -1 th h ; SRAG } ,the H

u eng MMWDMAW%@?@@@?%@Q e Human

Genome Mapping Project, Hi nxton, Canbri ne identities 230221
and 46640 respectively). 25 Exanple 2: Coning of bovine EDRF sequence

The DDRT- PCR EERf-re¥edn : bove .does not represent the
entire EDRF ¢ 4 ence. Tﬁg‘??%{‘?flggg?%&ﬁigﬁogge%ﬁo %&ﬁa@ﬁgﬁn&@@mﬂ ones
(1 MAGE | Ds 2308815 rhpumesomd eysled 40 itimek v oAV fer Dhiimit)ed ¢ Faer pfimgdaspe
fromthe Humem -EapoeMappi pect. Canbridge, These full -l ength cDNAs
were 30 sequenced inﬂ%g?@g'dilpggf?gﬁﬁq?at ‘f’??e“‘*?gg‘ﬂﬁfﬁéﬁe FHRe conditions as Jor
presented i n Higtmosnd PCRT ovitibthei exceptidn Mhdt QLSS al Mfﬁqmg?v‘jv%gdg[)@F RNA,
for futung Us%eﬁédﬁ r%bﬁ| nPf,%ﬁx ression studi es, degeherate t o
Materials & l\/t;,\;1 odsS: Wa Elér H%&uﬁﬁfmssmeﬁ@dg@ﬁeﬁi%wwmwmct of
the expected Slened s tRUT/IA bleding Reots SHOd. ' 0 . /11
PCT/ GBO1/ 04806, j nto t he PGENT- Ay et or i%%%ﬂéﬁg% PO PP e
sequence of thes dones wast sedumrced inrn Firgerde a0l rSemecodentaival Y&l S
confirms that chisefisupasdinibd ent open .readi ng frame
e R S T e L

regi on of the bovine honolog of rouse re 3 shows
nucl eic acid sequence of murine and human full-1ength EDRF cDNAs and

bovi ne pHY ti aThERRTcSRAUANCEH h.a)..nurlne and (b) human EST cDNA

cl ones were obtai ned throu h.r ﬁ%ﬁ’ﬁ%%&éﬂ%ﬁ%ﬂﬁ%ﬁ?%ﬁ&?@j%?%mm | MAGE

consortium ((jl Rmfl%74‘é®ﬂgﬂn&qt¢dmazgﬂmmuou&l ¥ ind@{g}ile‘lngs;; gggg;bgs wer e

10 sequenced #dhindd ;A irection. (c), Partial 167

sequ eﬂ ce of bgvi n egﬁéé@a{f% Pathogbiesis “bhs cript vgras):denuﬁed which appegred
downregulated in the spleens of TSE-infected mice at the latter stages of disease

pthogenesis (Figure 1). cDNA representing this transcript was recovered from the
20 DDRT-PCR gel, purified, PCR re-amplified and cloned into the pBlusscript I SKII+
cloning vector (Stratagence). '

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)




EDRF synt hesi sed foll ow ng nested PCR with degenerate oI [ %g:hp '»@%I des as
stated in experinental background. Variant nucl eotides ( A I ve am no

acid substitutions) are underlined. At the nucleotide |Ievel, nouse and

human E Dﬂéﬁ% S§duences are 72.2%identical over 403 nggjyg%toyg‘&gﬁ The
8 o

bovine E partial DNA sequence 15 npfches from position
nouse EDRF cDNA and 171 to 337 of hunan EDRF cDNA. At the nucl eotide

| evel , bovi ne g@ﬂR@’é 78.4% identical to hunan and 75.6% identical to
nouse EDRF seq ¢ i@% seqreTeipg; dplwvdddasconguserpissistad hEﬂiok:lglj}g;ez&BﬁésS&Tmet o

SO prot el s pifi ks 0SS, 209 Bt thl RS N LR D

sequences presented in Figure

sequences was ﬁmdfmééﬁnﬁolgmﬁemse%dﬁfﬁmf&ﬁm &hﬁ%&&&&f’&?& are
synt hesi sing p lgg's fr%g%f ] and human ' concept ual ro EI% ,

and raising antise Fetorms ??538@1:#%%59%%?9@2 |'Ené@snelzﬁhémyde&n%e@hows
am no acid SGW%%prH%ﬁclmeW%&eg%v@e@gr% Eldi% BOVI 3 'ﬁ@%tlde

protein sequence. @guences are conceptual translatr ong®
sequences of F YAt 19 molasisthe M%Bmmm&agaﬂﬂsﬂwﬂammawba@&%ﬂﬁe open

readi ng frane ucl eotd de. se nces shown in Figure )
Peptldgs 30 undert |ne Q&e?a‘&@l ﬁnéaé)]r mueh Jagar F@u%ﬁﬁlacnc)%dmneds
Bi ot echnol ogi E(Ge(l‘lia?a&krm:ngs}mﬁmm%ﬁ) s%m AR 596 ﬁ@ieﬁﬁ@é‘&m " %ﬂm

e )

production of antibodie human_ahd mouse EDRF prot el ns.
aci d | evel, hdfiHiFREHEa %FerOlEDﬁEL@MéOQ% mmmﬁﬁzﬁﬂsﬁdnéﬁfahbﬁﬁﬂee kg
bovi ne pm;tlal EDRF protein (55 amno acids) is 29-April 2005 WO 02/37119
22 PCT/ GBOL1/ 04806 72. 7% identical to human and 67.3%identical to nouse

EDRF pr ot ei ns Figuse @ shows seqmmeaudbnﬁija\é&‘I&BI\EDEElMﬁ-SﬁtlbﬁkT pER i
FI GURE 3 resu?& | nlcoBm vat i m no ~ acid substitutions, ('ﬁ@[g‘é?%}g&ﬁ m
exception of ey aanQ veaich gt Berdeatide devel thpasitivine €63 o Exdmjbi(ﬁ 4:
Rel ati onshi p heéleRR ViE- M %FEIF,@ gf;ffgl%ﬁ 5 st e uence
al i gnments, EDRF appears tg be e co fﬁle%lﬁ\é\gtg&féﬁa E‘i{ﬁ% PPtF TEL.
It is inportaMowcseredt al haha i0%hmatch e ptosmnﬁg 79@to sidedttiahi %@ﬁlu?%‘té’g
diff | TSE-inf.ect ed I Fi

Terents &l | YaR RBRSE Pkt odcdgesd) s 5h SAstRhe Shentatol Fositons of DDRT-PCR

pnmers are underlined. (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, degeneratg PCR (See Materials & Methods) was performed on
bm‘fine genomic DNA, A PCR product of the expected size was purified and cloned



10 represents EDRF or TEL. Prelimnary Southern-bl ot anal @@Wz?&the
full-length nEDRF probe indicates that EDRF and TEL are li1kely to be
encoded on the same genonmic |ocus (Figure 5). However, Northern analysis,
usi ng sin - ded riboprobes, reveals that the approxi

nucl eot i d_g’vélgzésﬁganscri pt is the RNA,, which is underrepréggﬁ%@dggﬁﬁ.
TSE-i nf bcted nouse spleen (M7 spl eenf and that TEL. is 15 undetectable
under these conditions (EDRF sense riboprobe - antisense to TEL RNA).
These exper i neffetheRGRYITeagy vaptor tPrameghle Thanudedtide seqhentd 6f thekeadomRiing
differentially ’ 2 DgRI-PCR I.s WEDRE. Figure 5 sh assi gnnent
of mouse EDRF An gﬁﬁf%g?:%e?"s ?%leﬁ%en%‘}?fyélsl %Oé’ti}'"smﬁﬁ]g# @5 péﬁ%i’i) \éﬁﬁlfé s§fuence
transcript or ireptesdritothe.opbmeading agk redlbbf e M@%oﬁﬁﬂ%@f%ﬂygaﬁ 12\ d
Wi th various r@%i cti.on endonucl eases and probed w th radi ol abelle ul |

| engt h nouse - eDNA. The approxi mate 505 by EDRF eDNA nucleic acid
sequence §s 100% identical to TEL. The detection of single bands for each

restriction dirﬁgest indicates that EDRF and TEL are likely to be encoded on
the same genoriguredchiews balsie a8l sefpiRkcediNAmGNiml nafulEdaigh BDRE dNdAS

shoul d resul't in.the detecsi of two s . foll owing probing wth nEDRF

full-length eﬂﬁﬁbpymﬁﬁﬁﬁmgﬁhﬁ%@m?% éﬁ@%ﬂ% (B}fn“@%gﬂsighiahlg@?gibﬁgﬁ cDds.

(b) To furt herclouey fdré OBtamicll Mtbfat fh@MSurhdrP Cehothb Ma%sﬁ:g BlojeB Y HE ARG YS! S
eflom—c

that TEL and EDRF transcripts, encoded on the sane ocus, "are
anti sense to SSBRTERLEY WseAGA40T ands2HP22Y aespeciivelDLsBNA ESTeldiddwezs e 30

robed W4 h radi I ' l'e-stranged.in vitro-tr cribed riboprobes.
Poae R0 1" SEnnBREm £t iind ek 2agRion (o) i B 6 seaime vEbodamce
ri boprobe). _EDRBsyrthaisedfdbowidpiesEDRER With ﬂeﬁé&%ﬁat@oﬁgoﬁﬁkﬁ%ﬁ;lcj%% aﬁ&\{e&ﬁpset

IS no

to TEL and not an. al tgr natively _spliced transcript of TEL. i ‘
det ect abl e un§EPCIRELR bagkeapundo Yearign! nvgleptdex {consepptive aBno 2¢id 3l Mitutions)

PCT/ GB01/ 0480 T ' | Fr transcripts
therefore dif %ﬁ@%ﬁ?gl ggﬁ%{h§bl§§mﬁlfeﬁe$réé’é‘§%%?§dg %E@& é CHICRES e
abundance. Taf@afic RlenHCR aveal403imiclotides: ©Rbel i BDRFUPAriKEDRARGequEEbe RNA
I S not isffere1 ,al L.y express 9 I n_scrapie_infected nouse spl een: % Exanpl e
5. Tissug Di sBITHET f%’ﬁ‘ Sﬂﬁ’@ﬁg H\%?%&&?’é@gﬁoﬁmww@r}f%éﬁ% 13h# 337 of man wi de
variety of NMUEDRF ¢DNAUES: 8 RIS %ﬁﬁi X plLy Ln
mouse spl een, bane marrow and V\/noldgqﬁﬂc’)gjg?h\?vi th %@3‘%?4@@?@%@?8@%‘?‘1 ng
the tissue w tPhovhidenicshtognoyse EBIRF sehudroRFover 6% andlpstidessi gure 6a). Note

. 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




10 that EDRF expression is undetectable in thynus, indicatg d‘%; ? 5 EDRF

expression is not associated with |ynphocytes. In adult mc
ti ssues represent tissues of hematopoietic activity, and, with the

exception , erythropoiesis. In human tissues (REA d from
Cl ont ech), (Ef%@il S expressed in bone gprrow, but not &%rq%?%ﬁgure
6b). In humans, bone marrow is the major tissue of hemat opoietic 15

activity. EDRF#%&?I SO. ex{%r essed in human whol e bl ood (Figure 6¢). Analysi s
of human bl oo gean adnb hipel Iﬁmﬁ@ctptmel)sed%ERE@mtémﬂpm&wmt

fraction indi ociat'ed with red

cell's and not Gﬁ%ﬁﬁ%‘?@%]a Eaaé%ure Gﬁg&ife@ﬁgﬂ‘ioﬂfﬁW%ﬁ’eMuse
and human EDRFaqi&Nbssittions,s iwith. thel\b:rcbjstﬁmnoﬁmadlotﬁ 65 vitfich/ MayOus iédlduciiRuse and
(b,c) human ti sUes Was performed with nouse and human radi ol abel [ ed cDNA
probes. (a) M ODEBRF I's expressed only in spleen, bone marrow and whol e
bl ood. (bsc) Human EDRF is expressed only in bone narrow and whol e bl ood. .

These tissues are herratom etlc ti ssues (spleen, bone 25 marrow and bl ood
in mce and bokEampledsRelationsiiin betvieen fEE SSEDREDRF expression correl ates

tht d th d ||
165 1 RNA pr obi g i Ber §§m8§’8”ﬁo Gk SR 5o R ORY s o o )
Nor t hern analquﬁhsmfAEBEH anfiseRsHRIMTHI, O g @ﬁﬁﬁéﬁlt@&@étalﬂi@ﬂ%@ﬂe%le Itraégcg # I ons

i ndi cat es t hat. I%gD_gF ex ESSI on is associated with fractions enric
erythroid cel |i9eniied; ag; H{gedl caentislly senpsesaesein T%Eﬁgbﬁbd rsptteh e@ipwn. 1)

Exanpl e fy EDREnfeXdM n dent rime T

D seases. 29 April 2%%%%0 o?‘ﬁ'isr7ﬁ‘3ﬁ§‘6%‘%§&ﬁ?'ﬁ%§8 SngLghf)rfBg‘é‘?"gﬁl of
EDRF in spl eensEDRErpmba:mdmhtesahatmm@m&eTﬁEIy%Wodé@mqg@m S
(Me7 scrapie strain fudie shown_in Figure 7a, EDRF is :
dramatically &)W’é’) Eff éﬁ; 1guge tsg 3%9‘%%’% Berthgra cangfysish ensingr ﬁinﬂbl-st@négbs of
TSE di sease Qwaspﬁ;begl break!iBaknd G%rﬁg

apparent at 5 approxi r?at gl yﬂq%ne Q%ﬁ F eﬁl\%ae?hfl%r ough %ﬁg@%

palt hogenes is M‘lﬂ@lpwé@ﬂenepmmtgl ST, SE—mfedﬁai MOusE splgem(lﬁéﬂ\@liﬁjghﬁ ﬂjdt THL is
spl eens a ease.  Further studies

denonst rat ed t%ﬁa? £ é%adém E%ﬁ(ﬂﬁtf @}3@ sgise Ahemrobir @Wm@ﬁpéﬁkm@m
xpori ment al | TSE di easan B B OB i gl erontaly
Addi tional |y, e{]ﬂ’égﬂﬁé%yﬁﬁ}k@f E@&Rﬁnt in a hanster nodel of TSE

i nfection (LVG hansters, 263K scrapie .

.

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 fhe 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 tranécript antisense to TEL and not.an alternatiw}e}y

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




strain). Therefore, EDRF and henogl obin (3-chain di fferenté%&prﬁ§86§ssi on in
spleen is a feature commopn to these various nodels of TS I'sease. Since
EDRF is al so, expressed in bone marrow and whol e blood of mce, it was

i nvesti gat‘ggo%ﬁtlper EDRF is differentially expressed i n%@@mfg{ﬁﬁéues in

TSE-infected-mce. As shown in 15 Figye 7c, EDRF is also ted in
bone marrow and bl ood of mce at the term nal stages of disease ' .
pat hogenesi s anal ysed. However, in contrast to results obtained from nouse
spl een, henogl @Bil{ﬂ(@ﬁém¢ rboprolreo tEIIRF fed EBL itmhsoyiptsdherefse diffensighidieantfypr r ow

or blood from Le.infected. e. 20 Figure 7 shows rn anal ysis of
EDRF expr essi ov?nvﬁil’lrallegagﬁttf’ O§1Z%nod16g%@ﬁgrbia88iarwxg€%& iﬁql’é"é’n wﬁ%ﬁﬁ W?XS ahd
whol e bl ood. (myedRdAttia Olnkke EDRIQITERHNA! is a8 SfFéromiatly dxptasdiet (Mefe-
strain) nouse é %751 line) spleens at various stages o?, di sease

pat hogenesi s. i’%@“ﬁ?ﬂﬁf]‘éﬁﬁ‘ndl y downregul ated i n scrapie-infect ed rmouse °

spleen ats term nal stages (162 dpi) of disease pathogenesis conpared to
controls. This 25 downregul ation is detectable at earlier stages.
Henogl obi n ( 3- nple BN issne Blistributiomof R&A Exprsgiani e- i nf ect ed nouse

spleen. (b firmatiaqn.that downy egul.atjon i s apparent in other
rgdent m()dZaI s ?%%@&%é’g.a ‘?‘E@Z@‘@Wf ?’{)?ﬂ & (iS3Fs %B!?B&i’rtesaﬁét EDRF is
scrapi e- i nf ectagrdsaar&tly MPHDfsd phe8, b ARGow hd IINBITEE S iR bbh/R

Scrapie strains were Mel, 87V, 79A and 263K and incubatidn periods 0 30
t hese nodel s dFeresanting heclissuBwith tikDiEhesh devihls raf TIRF irag@riph@igure #aR Note

f d d | I f i.ety of t ypes
For | o nii nf aetanch Bbfiesioh ARpadEhnE B Put SefaabiiPhr dpmsdbn s

-

denonstrat es trivatasdobiatedi Wi Iahphoe{teEDR adflt ARick,| théR0RsHQ %%ée’éér&%%séé

PCT/ GB01/ 0480 dovvnr_e%ul ation is not a phenonenon limted to mce. (c?fEDRF

i s al so expr eSSBROPAIEUR GRtEVitYa ARG W ithilie \eiespion lod Synuseerytiropniesiss) In Inearef or e
bone marrow a | .scrapie,infected mqge, (bone
marrow, VM ni giéi’i%gg\%kgé%gl es%‘{ é‘gﬂ@n@ 8&\%\?{%‘3’1 Féﬁgﬁdgg’fprgg%@%edlé%%%%& i e
strain) was stu_mdj:ledl (mgﬁetﬁe)mm%m{ezﬁemism%% rsﬁssﬁ% Mﬁéxﬁﬁb;l'bcﬁltaﬁcyd _
expressegd.in tissyes scrapi e-infected mce. i s ownr egul ated in
bone marfsow a ﬁé‘ﬁﬁ’ol EBWO%(P&% %‘r??"s*é‘?da’&i gy whels blead Figare Gedpr urdysissebges
of di sease patiaR@RNEISHSE b t 5,-]];,‘% e i -chain .- BNA i s
expressed at simlar | evclalllﬂg ?%@b(gﬁ% ma r%ﬁ?ﬁ%o%bﬁgéﬁéﬁg | egﬁlg‘l‘:l et ed
m ce at terni Aedicalgsathat BPRE| expression 1ig ShioRMAs passbiiated cwiilf iredrscelfs ndnda hofRNA

| oadi ng 10 inlﬁ]aﬂ,holéwgs. At term nal stages of disease pathogenesis, EDRF
i s downregul ated 1n”

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.



spl een (>30-fold), bone marrow (8-fold) and whol e bl ood (‘b'gf,&’ﬂrﬂboo I
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non- pregnant fgpahegy 0k | g 3 : -years ol d) .
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and scrapi e sheep-
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



bl ood was sanpled at the sane tinme. Scrapie sheep bl ood @mgb d
approximately one and a half nonths prior to death from di s€ase, trom
sheep that were displaying early clinical signs of scrapie. Southern

anal ysi s cattl e and sheep genom c 15 DNA i ndica é{d human
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cel | types expbessidigpnriif)foddving Gekdion Fia iGRITERBrdl hikeoh. experinental and

natural field cases of TSE di sease. 5 Exanple 8: Deferm nation O
Hemat opoi etic Cell Types Which Express EDRF EDRF is clearly a novel useful

pre- nortem nar | gl f Lofect | ty. S ssi bl e that the
observed EDRF Igllg%‘ %?Igﬁdt %&%(agé gg’s@%ﬁgrt éﬂp)}];eeé édr? ? és&mzflﬁ dgﬁr%g %8?weteﬂ eofed _
expressibn of anéiminfpsted animals in hemdiopaictistidshes. pr ogr essi ve | oss/ depl eti on of

the hematopoietic cell types which are associated with EDRF expression. As
a first step 10 to resolving this issue, the hematopoietic cell types which

express EDRF [Exfaphegp E]jlangi. resdfoll e Tissfles® 8P6ih Riufill FRAF SRed ICTEKS

agai nst distingct, murine [ OpOT €TT C _
( Phar mi ngen/ BE¥388%8s Di cki nson). These antibodies were: used to deplete

whol e bone nMairhouh&fldd FHEREPEEE e Ron LA IS exq:ergs%ito%%ilgr%éﬁ%poieﬁc 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,




lineages. RNA was then isolated fromthe remaining cells apd Erli?%
expression 15 assessed by Northern analysis. Loss of EDRF expression in any
particular fraction would indicate that the cells that had been renoved

- were thos | xpress EDRF. As can be seen from Fi gur F
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expression I's dramatically reduced in,bone marrow which
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erythroid devetdFesmant fmeles approsimatsly siovlaniges 473.§ yBisold)o NezHerBanalysis
progenitors. Fj SRAWE rdel.e HRHat f rine h topoietic cell

| i neages t hat dégigr sg_e * .@E%%@@&P@?é@?egy%?ﬁ a“eﬁn;ﬁﬁ'r ﬁ\?eb(g’b‘!eeEPRFoone
mar row and whdfanstript osl apredmatelythie sady size Aepprofindal e S0 bhalesH®@BAks Hudl t her

nmouse or human t m-JSJ;__'L"! ol (éaile that 25 EDRF expression is not “assocl at ed
wth To or B cebmas EORE O hasheen, found fisb fiks hamapsy saltle dp mobeHpisss ERRE in

et O ST eBRen G oveR Riafytd et Bond SLARH BEA' G pASIREPRGI €11 ©
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depl eted usin f.anti bodi es urchased from Pharm ngen) and
CELLection bio ?%@%O%O%CEW@{I?W?%ﬁ%@rW Wrakl ). RNA was
subsequently isolated and used for Northern analysis with a radi ol abel | ed.
nouse EDRF cDI}_IA rgll?é EDRF signal is significantly reduced only in RNA
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erythroid |lingage, but is also expressed in o .
hemat opoi et i cP¥EH} &d RF Iﬁ@ﬁg’gl Hainen blopd FNA sexvisnad hpssifiveacdnon for

i ndi cates t MhLR ’ co-purifyi ith the oth |.i.neages.
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Fi gure ot t to be.determ ned whether the
9 28 oth xﬁ%urXIGscrapie animnal relatively healthy at this stage). Using the bovine partial

EDRF cDNA as a probe hybridises to the same trauscript, further indicating 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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marrow which has been depleted of TER-119 positive cells, as is hemoglobin B-chain

) (%

expression. The 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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. 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). '



cells; p, progenitor; BFU-E/ CFU-E, blast- and col ony formﬂtgﬂ'ﬁ'bfj 5
erythroid 15 progenitor. (b) EDRF expression is restricted td C ?s at all
stages of erythroid developnment. (c) PrP RNA expression in henatopoietic
cells. Co-expogssaion of EDRF and PrP transcripts occurs ip g@ﬁbﬁnﬁ E/ meg
cells (indicated by asterisk). Level ff expression is i ndf ¢ ‘V %Iegree
of shading, with nore intense shading indicating higher |evels of
expression. Dot-blots of cDNA synthesised from poly(A)+ 20 nRNA purified
fromindividual cells representing 16 stages of the henatopoietic
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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




I's, whole or fractionated bl ood, a hematopoietic tissue, ne
marrow, or fromthe spleen. 25 7. A nethod of diagnosis Zis&%frg?(r)r%g I n any
one of claims 1 to 6, in which the henatopoietic cells of the erythroid,
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Level of expression is indicated by degree of shading, with more intense shading
indicating 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. -
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4, A method of diagnosis as claimed in claim 1, in which the animal is a human and
15 the TSE is new-variant (nv) Creutzfeldt-Jacob Disease (nvCJD) 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.
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11. A method of diagnosis as claimed in claim 8, in which the cells to be assayed

cct gaaggca gatggctctt

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.
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
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
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).

17.
and the TSE is new-variant (nv} Creutzfeldt-Jacob Disease (nvCID) or Creutzfeldt-Jacob
Disease (CID).

A method of diagnosis as claimed in claim 14, in which the animal is a human
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ttgccaaccc tttcctggecc aagtacaggg acttcciyaa gtctcatgag ctcccgagtc 360
acccaccgcc ctcctcctag ctcagggacc cagcccctcc tctctgagaa actctgacct 420
tcatgtcctt aggctgtgct cctgccactc taccctgaca cctcaataaa gaccagtgcet 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 aagcagct gt cgggagagca agacgagcag gacaaggctc ctcaataccc
tgtctgecctc tttcectwgca aartaccgec <210> 5 <211> 102 <212> PRT <213>- Més
nmuscul us <40 Pro Phe er n lys Asp Leu | 5 10 u
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Arg Thr Phe IIEU L%S k%te for the diagnosis for the presence of a transmissible spongiform
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).
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