1 METHOD FOR RECOMBINANT PROTEIN PRODUCTION IN CHO

CELLS FIELD This invention relates to the fields of biotechnology and

molecular biology. The invention partjcularly relates to novel genes from

Chinese hamster, Cricetulus griseus, and the use of these genes for
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Our invention is based on the demonstration that over-expression of heat

shock proteins, for example, HSP27 and HSP70, in CHO cells results in
ErlRoved culture viability, extended culture lime and improved protein

yield. = According to a Pt aspect of the present invention, we provide a
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up-regulate the expression of HSP27 comprising the sequence set out as
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protein(s) is or are not up-regulated. 2 The CHO cell or ancestor

theredimaylOecahgimebeadsteblarel dunatenitd expreasionrofsHS pIAP27.

COMPHEING NG 2 “e”%ﬁgaE?n'me'}'o}‘r‘n%% a&ﬁ%“%ﬂ%%""?’?&ga%te'%a%%ion of

90% sequence| enfﬁfy feto. e metho may com%r S mtroﬁucmg
caiEsHrRs ST & OtoP s aB RO GNExpricuing M 3 Bviay e iehradupsrergptosis: (¢) a
h{EhguvéaBil)yo(PIRES27 7@ (FigabdiBOpsniedherédhiéddoalldolagndapodsioby
viereRh4 o 48 hours) expression of an apoptotic marker, such as caspase 2, caspase 3,
caspase 8 or caspase 9; (f) an increase in integrated cell viable density (ICVD) of at least
75%, at least 100% or at least 120%; (g) increased maximum cell concentration in culture,
or an extension in culture lifespan, or both; (h) enhanced recombinant protein expression,
such as enhanced glycoprotein such as interferon-y (IFN-y) expression, such as by about
1.8x, about 2x, or about 2.8x; and (1) a higher viability; compared to a CHO cell in which

the HSP27 and optionally HSP70 protein(s) is or are not up-regulated.



The CHO cell may comprise an expression sequence capable of

expressing a protein of interest, such as a glycoprotein such as

interferon-y (IFN-y) or an antibody such as a monoclonal antibody, for

example, a humanized IgG1 monoclonal antibody against )
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molecule. Host cells containing the transformed nucleic acid fragments

are referred to as "transgenic" cells, and organisms comprising transgenic

cells are referred to as transgenlc organisms". "Transformed",
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Figure 7. Cumulative integrated viable cell density (IVCD) and interferon-y

concentration profiles of (A) p27 fed-batch culture, (B) p70 fed-batch

culture and (C) p27/70 fed-batch cultyre shows improvements in both

IVCD and culture production yield over Control (pBlank) fed-batch culture.
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Figure 1. A schematic diagram showing the strategy used to engineer CHO cells
that overexpress HSP27 and/or HSP70.

Figure 2. Summary of the apoptotic pathways regulated by HSP 27 and HSP 70.

Figure 3. Vector constructs used for overexpressing HSP27 (A), HSP70 (B) and
both HSP27 and HSP70 (C) in the CHO cell line.



SEQUENCE LIST SEQ ID NO: 1 shows the CHO HSP27 Nucleotide
Sequence (cgl-ISP27, 631 bp). SEQ ID NO: 2 shows the CHO HSP27
Amino Acid Sequence (cgHSP27, 208 amino acids). SEQ ID NO: 3 shows
the CHO I-ISP70 Nucleotide Sequence (cgHSP70,1749 bp). SEQ ID NO:
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Figure 10. Viability of CHO-IFN-y bioreactor batch cultures. The number of viable
cells and viability is shown for CHO-IFN-y cells transfected with HSP27, HSP70 and
HSP27/HSP70 expression constructs. p27, p70 and p27/70 all show improved growth over
pBlank (control). p27/70 exhibits a longer extension in viability than p27 or p70 over
pBlank (eg. 36 hours vs 12 hours at 80% viability).

Figure 11. Caspase expression in CHO-IFN-y bioreactor batch cultures. Expression

“of caspase 2, caspase 3, caspase 8 and caspase 9 are shown for CHO-IFN-y cells
transfected with HSP27, HSP70 and HSP27/HSP70 expression constructs. Figure 11A:



art. HEAT SHOCK PROTEINS The engineered Chinese Hamster cell
may express a higher level of any heat shock protein as known in the art.
Examples include HSP100, HSP90, KHSP70, HSP60 and the small
heat-shock proteins (SHSPs). Preferably, the heat shock protein
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cell vitijgheis 3nalifistomitefepeshigeretivalfyrengiregnessisn eh&tSHe7 and

HMPHESHN(Rha Beafighrck protein is up-regulated compared to a cell
which has not been so modified. Such an engineered cell may be
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%ﬁ,%?@f%}ggféd &1l (ATCC CCL-61). In preferred embodiments,
the cell comprises a CHO-IFN-7 cell. The engineered cell may be
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SEQ ID NO: 4 shows the CHO HSP70 Amino Acid Sequence (cgHSP70, 582 amino

acids).

The methods and compositions described here may suitably employ any one or

more of the sequences shown in the Sequence Listing.

DETAILED DESCRIPTION

Our invention is based on the demonstration that over-expression of heat shock
proteins, for example, HSP27 and HSP70, in CHO cells results in improved culture
viability, extended culture time and improved protein yield.

As shown in the Examples, CHO-IFN-v cells expressing recombinant human

interferon-y (IFN-y) are engineered to overexpress two molecular chaperones HSP27 and
HSP70 either individually or in combination. Batch and fed-batch bioreactor cultures are
conducted and compared with control cultures utilizing cells transfected with the vector



The engineered cell may be transformed or transfected with the
expression sequence, using means known in the art. The cell may be
transiently transfected, or stably transfected, such that it expresses
cgHSP27 and/or cgHSP70 in a stable manner. The cell may suitably be in
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tr%?@f%%ﬂﬁ?éﬁ_%riﬂ E@E‘%lﬁtﬁ%ﬁﬁ%&@@f?ﬁf HEMRY @ne PEAEINSxtension in
vasoactive proteins an ides, anti-vir ins :
e A HOFEBT Fehch 2o A AR B Gl SR n
bashdtetieh ahihfeddstenayaIss comprise pro-drug activating enzymes. 9 The
protein of interest may be an interferon. The interferon may be interferon-y
The Photéimpofintereistimeyitbes aroaiftipedsxrried sulBiimay Be opserved In
cdMORAsIanalsantiadi: kpah esRprise a humanized monoclonal antibody.
It may comprise a IgG1 antibody. It may be against Rhesus(D)-antigen.
PrefeyablsitnaaxbeayiBianzaditgs thee MSHeasakestibdeychgpinstes to
e ESLSIRIeRRIgEn. el ALelr e Rk gl S e Rileibofnigiest
_ comprlge a nycop.roteln or any other protein which has one or more
lniéﬁi'gt‘i?lsafﬁg%‘t‘ibsr?ﬁﬁﬂ%ﬁ%ﬁ%@l‘%}tyexample, any protein which is suitable
for production in a eukaryotic host may be expressed using the meth dﬁ
and cOPPLRIAOHEEITBHAPHERY IR RiGRI B SRERP SIS afﬁ%r@}‘i?é ows
fpradeophintesé stabbmpbise seHtbnksrthatpr SESTRGCHSPIRRNIYtic insults
algi%B@gzglﬁ;ngédlzeNl@E&ﬁllarﬁMé@iﬂi@@l‘ﬂﬁﬁiﬁhﬁﬁ%@ wereebiiano pedtein yie;ds.
ricetulus griseus heat.shock protei Q,
S S A e A e g e
ahave established that the cgHSP27 and cgHSP70 genes are involved in
the mediation of apoptosis in the cell. We also show that targeting of
BaudhSiesasiRpmdNeation of their activity results in reduction of apoptosis
and hence improved cell viability. The genes and polypeptides and
produiEhs therewheddrbioees hiarastalnglimayriomisey HREbRIdevst aba Bretishock
praHis WS wn infheartUScRaent iNiodb & 586, PISE UbIEsRes HHBPGSeunt the

apeptosis. inhibi ' duction of recombinant proteins usin
¢ at- ] é'{p PE . p g
5185&?5’%@ %})st ?el S, bvit the gffect of improved yield of the desired protein.

Accordingly, the. disclasur ; ' i ferred
oo R b ol
cep e B HhRAG R YRR AR RS CHAHALE SieTa e
pretimioinante disiloobersiomagbeitediy2¢nsrghitRAg. dhw E5P87 may
pRegdiiisdcellsuesigsenhedierenpraiaabyoGieputis griseompéds SHQID NO:
4pre3§ rz%% &k iﬁ&%%l'?l@%ﬁfiﬁ\’@%%ﬁf@%’epe%iwitab|y employed for
produc [ ' [

fo n of recombinant proteins with improved yield. ccHSP27 AND
COH e7 191'%%9%]!%%%5&&? Chinese Hamster cells that over-express HSP27 as well
as engineered Chinese Hamster cells that over-express HSP70. In a preferred embodiment,

we provide for engineered Chinese Hamster cells that over-express HSP27 as well as



According to the methods and compositions described here, modulation of

any one or more of cgHSP27 and cgHSP70 in a cell improves cell viability

of a population, preferably a Cricetulygs griseus population. In particular,

we show in the Examples that increasing of expression of either or both of
HEBHS Bz ificallyg WS EeEoriteadS HEinsrthab dxmosses|asaglint levrdwteth {SP27
i Oe7apassgiaktshatmethgsaiieeWatimsepiany of these genes,

including use of modulator entities such as agonists, may be employed in

Réggﬂqmgwm&qigﬂﬁgg@ﬁo, modulation of polypeptide expression.

Cells in which the expression of any one or more of these genes are
m(ljldbbi‘ﬁ!éeﬂe%‘écf%eig&f%ﬁ ofﬁﬁ&%”a(@s@f%t YR 1%%?\*@@9%1%@'& 2 tPUe its
WI e ap ate no sically modifi

%@B%‘]&% 5 mogiied C a%Y i‘ﬁcﬁ engineere %{;ﬁg&ﬂ\é?ﬁon of

es be n mo

a h@ﬁééh@f&ﬂlpl pitivitfeRoreeulpsad wmew%rqgrﬁgﬂf %{h}&}be%ngmdﬁ?@ so modified.

S@eXiesaidRda eipectignigtbe produSutisimp difietteifls deagrived in further detail

wagdyantageously used as hosts for the production of any recombinant
protein of interest. In some embodiments, the modified cells are in

iﬂﬁﬁ?& e Ui ,sedpcéﬁmfc@a turgigvﬁéegagmﬁde‘ﬁgvﬁ:m% cell,
SR BT bl LA G e N T RS 8 RV OF b o o
a é?ﬂé@%\hledcwlgrow before all nutrlents are used up. Such a closed
system may contain conditions to enable cell culture growth, such as
specifibenutgimatiybes] teapperatet e predatrennpretting binieetiepreferably at
c@NYiEeNBENL,PRlONRSY, by denathemembedireanis, shpenasitied pelisn of

111?e1e§UIfH£eed Irr‘easiced b %Hc%qg %U{Ah%%gc% Hs%"élltll{r &%éﬁ%@&gﬁdﬂpwhmh a

earn a metho rmg ce In w L‘li% % nutnqelnts is added
C%ﬁ%&éﬁlﬁ@‘d’u@h&“@tﬂﬁﬁrfén (f fRtFI5ShEHORRS 8 ;}"I.ﬁf&% anS%rSS etie
whanlvestelituntis¢teermiotihesnum. tisompressipb Buieeots iTRensibrifEdt

Reksare, cultyvadiinia: higrector. As shown in the Examples, the
expression yield of the recombinant protein is higher compared to cells

whichriave it beeseaampsifiethsformtheexpisssion wigldnaydbedatn
séeﬁ‘esﬁcle %éﬁ%ﬁ‘g}d%‘hc Qs which, hay gﬁé %’2?&%%’3‘8%%%@%&@8@& H&tably

resS|on may %e altnleas

ko B PSSR PHST BRI BP0 AR, The el
nBupxyitibly, 1 7ix 113, SoenB e, il dimenarectheitofecells which have not been

so modified. The expression yield may be at least 5x, 6x, 7x, 8x, 9%, 10x,

15X, 20x%, Ro¥i30RiOxsOMx0compresdhinriwikablisewlivnthhaltheropbiarasd/or
alig %glﬁga hc-gp&lyéﬁéﬂ @Wupﬁdt'ﬁlﬁﬁt% 1B @C}Héﬁ&bg- GloBfnGUWibRInes,

;Efi%%%ﬁx%)%%en;ag "fler; Zai /de%d%”f cgecu?eg eng(?ngé&'ed7119/ Inuﬁo%ﬂrbtﬁm-
like molecules, a single chain an’ubody, a humanised antibody, fusion proteins, enzymes,
immune co-stimulatory molecules, immunomodulatory molecules, anti-sense RNA, a
transdominant negative mutant of a target protein, a toxin, a conditional toxin, an antigen,
a tumour suppresser protein and growth factors, membrane proteins, vasoactive proteins
and peptides, anti-viral proteins and ribozymes, and derivatives thereof (such as with an
associated reporter group). The protein of interest may also comprise pro-drug activating

enzymes.



We specifically disclose the production of a polypeptide of interest
comprising providing an expression sequence comprising a sequence
encoding the polypeptide of interest @nd a regulatory sequence, in which
the regulatory sequence is capable of directing expression of the
PolyRSpiide Iram e PAMLFIRONAR ReAAN e ARG EXRESS DR AL iRy
polypept%te from the expression sequence under control of the regulatory
(18dgience in a host cell comprising a modified CHO cell as described
here, and optionally purifying the polypeptide. The relevant cells may
be mbbkfleetip ef et mw@mm@ﬁ&% T anidasy IaR AoRRBOSHDA)
andipreferreche oupastiseentuthenirpe agulationabisiprés dionayf cgsRy 1gG1
2 ARAT AELSREQdsiAGHENEE Y IMFREHCINGAATEXIISRS0 SAMRARE TG
the cell. The%@%res&orgﬁﬁ uepce %{{afeenrably comprises a cgHSP27
mEPRHOPRLE HolVRuerEstide 6f & Bortion thereof operably linked to a

regulatory sequence, the regylatory sequence capable of directing, .

expra8bn i Wﬁmtﬁeéfﬁ%@?%ﬂ ge&ﬁ?%rseg%r%ggﬂaeesnac %?é’u%%ﬁ?%any

ottree fovtrimivichlpresion et ORskiaTsHaReRE ANOSHTE YN VEEBRIRG Y

pRIBE Sk pIRESE fgpthEHRi E&ulfdﬁgcﬁtcdmgimy)mmwevmdws’maﬁée

m%ﬁh%\a@agﬁis&ﬁﬁﬂgg}llﬁoﬁts E&Uﬁ%%efé%rﬁiéﬁﬁ}@ﬁ&w&ﬁ%de eHaafstein of
0

_of constructing them are shown in the Examples. Preferably, the

IntEsaHROUP BEAEHAIS SR Xt 5%, preferably 10% or more, more preferably
15%, 20%, 30%, 40%, 50% or more viable cells compared to a control

UpbpakGeH SRR mabIH Y RIS Ethe modified cells maintain cell
viability for a longer period of time compared to cells which have not been
modifiéel dseloss & SRIVAIGEIRTERPKelIS A Htets tHs R AP Lertglfin

sqeREEe BiAGE ISP Viakility{SRY .0 98Rhfarcaltoerjerdge fodheo dgteitdglioy. As shown

i CRRtEQLEEISS, we Risleratlvisgdifiethcelsfpye xtepHsH Teteyiabitsyidiylved

. at least 1 hour, more[(%refert%lglg( t least 6 hours, most preferably at least

25 e?éa(t)lPrrln%fra,o .g.,l?ﬁ east 24 hours, at least 36 hours or at least 48

hours, compared tq control.cells. In highly preferr, mbadiments,. - esults in
moditia BenS Ve B BRI B S0 A o A T
rdsgites tof APOPLDERAWDBHECH it edins, cenepradaraiirriiss and

prdabiligyrisrgatigest foyeduaatitiiipgreaviableecef filddsitpofapplsulatichatture.
cells which have been modified, i.e., by targeting egHSP27 or egHSP70,
or bothmRrefsrakbnttivemesfissicrlls danitsainta higheapefituibitityibitors in the
p?&d@(%ﬁ)ﬂ?gf)tp%%g#%lW%Hprg@}@ UQB%?EHLH&Q@!Q&Q&GSQM%QQQUﬁ%ct of improved

population viabjlity Is prefera easured as.the percentage.of cells
VIP AT COUBUATOTAR i U5 I o Hhe S RUERerRaly Crearin
gemboditSRE Toait\iabiRy fstersedoraipaablsy the agstinsridhrabanges in cell
cEXGI S BasRY e T hishaasaydspeanvranlyansatyieldsell wabilibinant protein
pgﬁ%?é&llqaé‘?&l 1cgi'gf,fl§:élﬁ8ﬂ‘g7oefn%&g§w&nﬁcgﬁ@'@P@%%&@ﬁ&@yt in
t- £ oxarpies ut Ir]'b“ef: cell SUSP?’ISl&n @1@%%%%%hte%6%)a%r &%@ may be
plﬂf?é‘”‘iﬂ%ﬁ%éf)ﬁ‘ i %M‘ffé‘fectfisolﬁt%%pa% "&dtinted tiSing a hemocytometer.
stivblyaispigysddor oupdnetinn rifraeambipRPGUC S BIHE-ByRr YRR th

while dead cells absorb the dye and appear blue. Viability is then
celfs@esedvas e PSRHENEgRIBER AHbIcells over total cells counted. A
viable cell is defined as a cell that whose membrane integrity is still able to
prevent:thedalstrpiomahodsrad binepiridangpisschibrs dredusioduasipiigf any one
o?ﬁ%%;o@lkﬁiiﬂ@ﬁ H%M@i@%hﬁ&ﬁ@?%@h@g&@&@mm&wuw&a&n,

e disclosure provides generally. for MRERL
pé%ﬁ%ifya% ?féﬁ?ﬁ‘éﬁg nggﬁv&%%%éo%e}%ﬁé@ﬁén%gd@eﬁﬁz@%n %%e&e?f ro‘érithai1
inReeTShin S S WAPRERI IR SYRLE G&RA BB Aok Broteieve

In particular, we provide for Cricetulus griseus cgHSP27 and cgHSP70
polypeptide and nucleic acid sequences as set out in the Sequence
Listings. In addition we provide for the use of such genes, fragments,
homologues. CRICETULUS GRISEUS CGHSP27 AND CGHSP70
POLYPEPTIDES



It will be understood that polypeptide sequences disclosed here are not

limited to the particular sequences set forth in the sequence listing, or

fragments thereof, or sequences obtgined from Cricetulus griseus

cgHSP27 and egHSP70 protein, but also include homologous sequences
cetibtairid, fidowaryr.souidebdaperainpitthel anethedd | ofaeibaticlogliasy of these
géagm%lagaﬁﬁtﬁ{m%muw?p&?@@w@f'mtgomm ﬂvﬁigei%ﬂwy in addition

provided that they have [ J activities o
toc&ﬁ%ﬁb %%1 p%:\églitf)sw : gaz%ﬁéﬁgg%l%é?a%&%gm&$ﬁ%disclosure

theregéli% %-? %%%B%ES%S ol Iaor};[%’fgg mo%lg %%J Sl%f%roqetﬁ'é/s%t e%%soa{rm(ﬁfﬁﬁgd are

acid sequences’se forth msthe Sequence Istings, as well as variants,
refRsTAGIOaESoB et FRERiVe SIS BrifNS aHPSRER EEek e ﬁeaae@aa@ fhygf these
mayetedtidehgecalbnredifist iheedehes bBuohydedrserdnaieofepibyarlyich have
beglerReHMawa sEHRRRY 8 MdeTEL Mk & GRS ASTExUanice: cgd3hR0)

case may ge_,reBigiggi&al Activities In highly preferred embodiments,
“the sequenges %omprise at least one biological activity of cglT5P27 and

cgFISP70, as the case may, be., 13 Prefera e hi ' Ivi

come B S S TR ST I st i IPHEHAEIDh of any
reaprbrpaR IR teIni ATAEHTSh BB TB RIS SHLS U dbtosis
suRsuhitgeattivity, preferably assayed by down-regulation of caspase

activity. Thus, the cgHSP27 and cgTISP70Osequences described in this

documeshiy efesabiy ais ahpahléihidrkibitingcapoptdsisy bpebificklise. By batch
CLEI?LRH%Q!@ ﬁ]{e?é%xgw&%uiggl @Qs%%%?%&%x%ﬁi%&té’ o lmerg&@mh 48k a,sgu.a limlted

ighly preferred embodjments, when assa using such me

R B ST I S A B0 R G S e i) S losed
syslomenesriACBHbRRAdEiPaY s alsiedr RRIFG Mbo BIGRISS P e S Auyrient
tybeYptepipieraidy @080 aseapreferabiyh80eny 4086 809 c60%ii016%, 80%,

90% or more, compared to a cell which has not been so transfected with

the refigyeit cgitSRRé05, agHSRIAedagiiencecul tutedrighlfe plefelredture. A fed-

LENPFIME NS NETEPIET IR0 ARARIPSIS R RS ISR 2/ @A Qblution of
egHSP_?O guences is agi%a ed ?&ﬁasra}ug é:t%ﬁ%?g eacst{lwf .l'lliﬁg%ﬁpoe
RIS Gt A AN Sr CBR o Bpoptosis Set gut above are in
phighty ipfefeireadembbiimradiefibvai®ead as percentage stimulation or
repression of caspase activity.  Thus, apoptosis activity monitoring
methduscsue hralsodampaisethetividifiné seilrerp shttassaip PaperiBlorimetric
or fluorometric methods can be used to ascertain the biochemical activity
of cgHASRRFand dgl SRR Sutte methedenrizldsd Serrrsdrobinintpipiein is
niARSRRIpS VMt SRR oRFiae A¥HESSIeN LORSHIES, such as by means
known in the art, or using protocols set out in the Examples, to determine

\éVh ethﬂ{eaé?lﬁwgégﬁ&i§i§lﬁ%§1@%@9@!&l@fﬁ§ﬂ@§§nﬁﬁt5€}% I\S{Héh Bive not been so
own-regulated. aspases are a.large, fa cysteine prote
R BB BB E € IO B e GO IO e o L9% 25
2Tt ol YOSBIXChipabbi8 3s artifitidtdr cisphb that-attthd ffodrX: 3-6%:
RS BEATBION ehepiaianatiated aiioptoitb pathwalybddpen motifaibr af expression
y?&HﬁldlSI BECTRGEPIA$xCARPERS, dieCtkiopirdiregthoinitiaiesdRer more than of

proteolytic activities of downstteam effector caspases such as caspase-3
C(@ﬁ?ﬁ@gﬁj} X3 110%%53%5851 g]ﬁcgn 1997). Caspase-9, which is also

etat
another upstream caspase, is activated vja the mitochonclrial release. of
ytoC e B Cot: RIS AN BI5 ST Broie oy T e then
Yabtehsd dcalatingfabtefl- AreAn-4 efbriRll-d RS RMacheHtes
procaspase-9 (Zou et at 1999 and Flu et at 1999). Active caspase-9
initiates a protease cascade that also activates caspase-3 and other
downstream caspases. In preferred embodiments, the caspase activity
that is assayed to determine up- or down-regulation of apoptosis activity
comprises caspase-2, caspase-3, caspase-8 or caspase-9.



14  Methods for assaying caspase-8 and caspase-9 activity are known
in the art, and are specifically described in, for example, Nicholson DW
and Thomben-y NA (1997) Caspasesgi Killer proteases. Trends Biochem
Sci. 272: 2952-2956 and Thomberry NA and Littlewood Y (1998) o
CaspwseseEfieniiediwithiniBSgianvet8def 3 paluiBpe dAaf/iotcrse proIBEHIRS
n%elo%g n H&@@M@E&qa@,yc@edmﬁkiﬂg@sm&%mssmiwhwdyﬂeptide of
mEa S g;? aembPaqlme éuenggv &Y %\rhlg?lqhgl%g B‘?WIREQEO abIELoUL

owW'is em ssay cas gse 8 and/or c?? ﬁ%se -9 acti é/el Towi
dl(?&%%%é’é@%é’é’&fﬁ%%’@& peptlé% BEESRAVRFESAIS8 SP5E5D&%H By UtfiZing
exfuerogenfolsubsiptet depleifi thoediffssion CaspaescaniahtoBiivkf Mthe
rev@liepeRlicatiomof kel ixsates sntaining difcactie celbpasestoitied bvedsind

l{Qg & ¢hrelease a fluorescent product that can be
R &réactggml%é@stang ng orescence plate reader. Specifically, BD

POt It GRrbare Ay Rlaiesd LB 1493y b Phcans

B|OSC|ences on ec to Calﬂ%rnla USA) uses éilfferent Casi'pcag?-fSP27

1<%Q}b%#hﬂé%@ébﬁ%%@é@8ﬁéﬁ8}?%ﬁ%?&é§%&? AFBYRESH LB YRSiP
a1rd>’$pegﬁ{@@’&btwatbd@@pas’émdﬂh@$@pmgsa@@éwféﬁﬂwﬁI@é‘ﬁ"ﬁ’éltﬁé
ef1105Q08 8 R T pRTIRGIY DRI LITHRPAAMD)r REHEEE palnohAkiGde or a
pc?rrfrllogls tlnel;[eho UVI;%%BQEI H e a:}{g&ﬂ@f@lﬁv @!ﬁéﬁl@ %@‘%@M&o@y@@ﬁd&l@%apable
iﬁg IS M OSSI le to correlate a r][ th
e i sulunl T maken  possble 0 canclie o, A
fattre wéspespmmpa@emmﬁ@m@n@dm@ssl@n HeeRyHrigtadpRdEs-27, pIRES-
7@eHYINIRIE Bybetrake siseauie VEIVIALR-Peditss\utei Lelawmssayctmed;asqcﬁgm@ 3A,

FAGHYILY %ﬁﬁ%l‘%ﬁl‘é%d\%g %&%M&E%uctméqm%ﬁgwﬁm{e Examples.

aspases activity using BD ApoAIertl m Caspase assay plate, cells from

Sampt{f%e Alasis b eq al) %%at%i 1%9& e ierRtanedordnde eehore

lysis |0$C|ences cub?ted on ice for 10 min.

P@@%PAY H%%ﬂ%qé’tﬁ@r@ré‘%vé@yb)?rc@ﬂf?ﬁiﬁ S FemReSd & SO of
padleactiotbukaraT Pritvadslitien tddeettbedash svanivrinedbvipkilipides 2
16{%@41\@8}16@ sseile Thayplate is pIainaibateskaid Beefombdifiad Shi dxanafle,

ma@?%ag’d%gﬂ'g‘%e ﬁ??l dysaiaieis thenaddediadbeyetisang ingubatas @t o

our luorescence ﬁlate reader is then used to measure the
lofi R IoF AR HSIR R EP Rk EfHion at 380nm, Emission at 460nm)

Caspase activity is defined as the absolute emi ?g kf %t JZL
sampRicdriePutpditishorbihine steriete ehiahbiary g-af')tf out, motre
preferdhcet savifldotitve mefe mrbeabinapleds A2dmisierconested-atiiadst 24

hHRISINRasE8 a0l or a@@@s@as%@ﬁ@VﬂM@eﬁ:&mM@ﬂ&@d&l@ﬂiﬂl@ﬁ$ﬁlﬁred
e nr}]Jch){Plrng EISHEIZ%E? RISRSIA0Y e%c%%d%&r?g%b MPAEH MIHLER Before viability

ransfecte Vectors (or untra o determine the

bpgirsdAtaye B?lﬂm’r%h/  SOBYRRRIL SHERLRSYS or repressed as the case

may be. [End of "Caspase Assay Protocol"] In preferred embodlments
when Bis8aybld. st yiabitivrietrpers eauiietog AP lpRIE ey ofa
peeauenses sehenhiahstactbdentocdifiel, dithdryaiopetiog ireEGRDIratighl aPe 0, or
%ﬁpﬁ@eﬁﬂlf}hmglmf&kﬁegéezrlgéﬁmm ﬁ&ﬁ%ﬁé‘r&ﬁl giraﬁﬁﬁg:fﬁn%aﬁﬂég;hﬂs

t least referably 20% re bl

V% b hé}ﬁ%/noé 1181}1%30%4 Sofinared 1o i %p qf?%}gh%asvzr}\ot ?1§§r{°%10 oly
1%%%?@@Wﬁﬁlﬂqét?§fe%ﬁl]§éa Msvant cell population wh1ch are viable.

In a preferred embodiment, cell viability is determined by a “Irypan blue viability
exclusion assay”. This assay is commonly used for cell viability determination in the field



Other assays that detect apoptosis related events such as membrane
changes, DNA fragmentation and other biochemical hallmarks of
apoptosis can also be used, instead pf, or in addition to, the assays
described, Homologues The polypeptides disclosed include
ofiemeltgaus skeikdgestobihined franmaiy Boupkesfdubiabmsie ¥erted
SLMHé':l}llé*?é}Pf?ﬁﬁ!;@&%ﬁl{‘§g4@§_%99£r§&ﬂp$@1gﬁg@ﬁﬁ§ mg?@m @fnted
well as variants or derivatives thereo paptidas, alsql S
“Sfﬁ%sf‘e %%88%%8%%3’%;%65& ot aﬂggﬁlﬁgﬁ%% cgH I??Ol,from 1 gt)her _ye dasa
colpratifess Whtleditg erilirRRouhitle JXARAARRIET @S- mMieREHS BIPBIRTET Ih
pepeaticigtasfiodbltsells ovarttitatoritexputitdte present document, a
homologous sequence or homologue is taken to include an amino acid
sequancebihieh is dtfleaba 60 01180 wh @I dubmitainisastoritiiht it
2001 A8 % IERticRb Ak henATIE Shacid Jau ey et AldRASHabilioyeksgbly 50,
70, 90 or 100 amino acids with egHSP27 or cgi-ISP70, as the case may

cﬁﬁw%’ﬁ BAMRIS: 33D I PRABIN SRR IRERG herein. In the context of
|

s document, a homologous sequence is taken to include an amino acid

sequeneehich Is at Jeast 080T, BOe30%6s, as well

ident%%?%ﬁ?é’ff&grnaf%It}?gﬁﬁs%]egg?a%%%%%%gﬁg&i?et th’C a ﬁ o%eé? aleiltgﬁ e
Iy BT SRS 380 JErS Y ST rRA IS PBB 308 I8 or
CBoeremigo.soid sWiith tehsatshassorsteigs-|ISP27 and egHSP70. For

example, a sequence may have the stated sequence identity to cgHSP27

(prefdnaisiyticolmprisipwpei defudricecadustariser e SERY 20 audeghielh /0
pCYHSRAOLR alRIBRIY SO RRTISINE A Sa weNELRs SHovRd L SEAZL DN iddn we
pI0 IR SmepAmenis. SRHRRATIRGRRRIe has at least 96.1% or

more sequence identity to a sequence shownas SEQ ID NO: 2.
referably, the cgHSP I 339%1% A aMeTMalel R preferably
%‘%UEjl’J%'nGoI}Ies,}Z §Elg/lo¥os7})%?o¥§,% .o% or r%r?())re, 98.6% or more, 98.7% or
more, 98,8% or more, 98 9% or more, 99.0% or more oa?gfg.%; %@tﬂ( ted t
more?b‘@@%’ 8P?ﬁ§ﬁ8?§%e'f‘éﬂ°é%¥;9 %@%eg}l %I(C)ersefigé%% olr morg, 99.5%/1oeor °

thnoreli 0dasemveRaBT ScigOTvindhersrucEs Bk A dFasBenEul Bieflopk sequences
obefugnEendentityiosgseauentiS A d\wnlagISERPA Drtcn.dut alsgimilady, in
nBESIRIEEE %@ﬁ*&&%ﬁ@%{g@@%ﬁ%ﬁy 9099}!]&%9@51@1&@56 ?5{;%)55%@1&% or

more Sequence identity to a sequence shown. a : ‘ded
RSBl AL OB A T (Aol gt provae
thipioisydBYS ot Iagsrenoabhs iakgicasliiticRrbceiioh of TAREIESA ops e
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Methods for assaying caspase-8 and caspase-9 activity are known in the art, and
are specifically described in, for example, Nicholson DW and Thornberry NA (1997)
Caspases: killer proteases. Trends Biochem Sci. 272: 2952-2956 and Thornberry NA and
Littlewood Y (1998) Caspases: Enemies within. Science 281:1312-1316. Any of the

protocols set out in the prior art may be used to assay caspase activity.

In preferred embodiments, however, the “Caspase Assay Protocol” set out below is

employed to assay caspase-8 and/or caspase-9 activity.

Caspase Assay Protocol

Caspase activity can be assayed by utilizing fluorogenic substrates specific for
different caspases immobilized in the wells. Application of cell lysates containing the
active caspase to the wells will cleave the substrate and release a fluorescent product that

can be detected using standard fluorescence plate reader.

Specifically, BD ApoAlert™ Caspase assay plates (catalogue number K2033-1,
BD Biosciences Clontech, Palo Alto, California, USA) uses different caspase substrates
composed of short peptides that are recognized by their respective activated caspases. The
peptides are covalently linked to the fluorogenic dye 7-amino-4-methyl coumarin (AMC).
Peptide bound AMC emits in the UV range (Amax=380nm) while unbound AMC emits in
the green range (Amax=460nm). This makes it possible to correlate an increase in
fluorescence intensity at 460nm with an increase in activity of the respective caspase in
the test sample. For assaying caspase-8 activity, the substrate used is VDVAD-AMC while
an assay for caspase-9 activity uses LEHD-AMC as its substrate.

In order to assay for caspases activity using BD ApoAlert™ Caspase assay plate,
cells from samples are pelleted by centrifugation and then resuspended in 1x cell lysis
buffer (BD Biosciences Clontech) and incubated on ice for 10 min. Cellular debris is then
removed by centrifugation for 5 min at 4°C. 50pL of 2X reaction buffer/DTT mix is then
added to each well of the 96-well plate that will be used. The plate is preincubated at 37°C
for 5 min. 50pL of the appropriate cell lysate(s) is then added to the wells and incubated at
37°C for 2 hour. A fluorescence plate reader is then used to measure the amount of AMC

released (Excitation at 380nm, Emission at 460nm).

Caspase activity is defined as the absolute emission at 460nm of a sample after
subtraction from the absolute emission at 460nm of a reference sample. The reference

sample is a sample collected at time reference zero.
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In preferred embodiments, when assayed using such methods, the cgHSP27 and
cgHSP70 sequences when transfected into a cell either alone or in combination are capable
of inhibiting the expression of caspase-8, or caspase-9, or both by at least 10%, preferably
20%, more preferably 30%, 40% 50%, 60%, 70%, 80%, 90% or more, compared to a cell

which has not been so transfected with the relevant sequence.

Other assays that detect apoptosis related events such as membrane changes, DNA
fragmentation and other biochemical hallmarks of apoptosis can also be used, instead of,

or in addition to, the assays described.

Homologues

The polypeptides disclosed include homologous sequences obtained from any
source, for example related viral/bacterial proteins, cellular homologues and synthetic
peptides, as well as variants or derivatives thereof. Thus polypeptides also include those
encoding homologues of cgHSP27 and cgHSP70 from other species including animals

such as mammals (e.g. mice, rats or rabbits), in particular rodents.

In the context of the present document, a homologous sequence or homologue is
taken to include an amino acid sequence which is at least 60, 70, 80 or 90% identical,
preferably at least 95 or 98% identical at the amino acid level over at least 30, preferably
50, 70, 90 or 100 amino acids with cgHSP27 or cgHSP70, as the case may be, for example
as shown in the sequence listing herein. In the context of this document, a homologous
sequence is taken to include an amino acid sequence which is at least 15, 20, 25, 30, 40,
50, 60, 70, 80 or 90% identical, preferably at least 95 or 98% identical at the amino acid
level, preferably over at least 15, 25, 35, 50 or 100, preferably 200, 300, 400 or 500 amino
acids with the sequence of cgHSP27 and cgHSP70. For example, a sequence may have the
stated sequence identity to cgHSP27 (preferably comprising a sequence as shown in SEQ
ID NO: 2) or cgHSP70 (preferably comprising a sequence as shown in SEQ ID NO: 4).

In preferred embodiments, a cgHSP27 polypeptide has at least 98.1% or more
sequence identity to a sequence shown as SEQ ID NO: 2. Preferably, the cgHSP27
polypeptide has 98.2% or more, preferably 98.3% or more, 98.4% or more, 98.5% or more,
98.6% or more, 98.7% or more, 98.8% or more, 98.9% or more, 99.0% or more or 99.1%
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or more, 99.2% or more, preferably 99.3% or more, 99.4% or more, 99.5% or more,
99.6% or more, 99.7% or more, 99.8% or more, 99.9% or more sequence identity to a
sequence shown as SEQ ID NO: 2.

Similarly, in preferred embodiments , a cgHISP70 polypeptide has at least 90.1% or
more sequence identity to a sequence shown as SEQ ID NO: 4. Preferably, the cgHSP27
polypeptide has 91% or more, preferably 92% or more, 93% or more, 94% or more, 95%
or more, 96% or more, 97% or more, 98% or more, 99% or more or 99.1% or more, 99.2%
or more, preferably 99.3% or more, 99.4% or more, 99.5% or more, 99.6% or more,
99.7% or more, 99.8% or more, 99.9% or more sequence identity to a sequence shown as
SEQ ID NO: 4.

Although homology can also be considered in terms of similarity (i.e. amino acid
residues having similar chemical properties/functions), in the context of the present
document it is preferred to express homology in terms of sequence identity. In highly
preferred embodiments, the sequence identity is determined relative to the entirety of the
length the relevant sequence, i.e., over the entire length or full length sequence of the

relevant gene, for example.

Homology comparisons can be conducted by eye, or more usually, with the aid of
readily available sequence comparison programs. These commercially available computer

programs can calculate % homology between two or more sequences.

% homology may be calculated over contiguous sequences, i.e. one sequence is
aligned with the other sequence and each amino acid in one sequence directly compared with
the corresponding amino acid in the other sequence, one residue at a time. This is called an
“ungapped” alignment. Typically, such ungapped alignments are performed only over a
relatively short number of residues (for example less than 50 contiguous amino acids).

Although this is a very simple and consistent method, it fails to take into
consideration that, for example, in an otherwise identical pair of sequences, one insertion or
deletion will cause the following amino acid residues to be put out of alignment, thus
potentially resulting in a large reduction in % homology when a global alignment is
performed. Consequently, most sequence comparison methods are designed to produce
optimal alignments that take into consideration possible insertions and deletions without
penalising unduly the overall homology score. This is achieved by inserting “gaps” in the

sequence alignment to try to maximise local homology.
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However, these more complex methods assign “gap penalties” to each gap that occurs
in the alignment so that, for the same number of identical amino acids, a sequence alighment
with as few gaps as possible - reflecting higher relatedness between the two compared
sequences - will achieve a higher score than one with many gaps. “Affine gap costs” are
typically used that charge a relatively high cost for the existence of a gap and a smaller
penalty for each subsequent residue in the gap. This is the most commonly used gap scoring
system. High gap penalties will of course produce optimised alignments with fewer gaps.
Most alignment programs allow the gap penalties to be modified. However, it is preferred to
use the default values when using such software for sequence comparisons. For example
when using the GCG Wisconsin Bestfit package (see below) the default gap penalty for

amino acid sequences is -12 for a gap and -4 for each extension.

Calculation of maximum % homology therefore firstly requires the production of an
optimal alignment, taking into consideration gap penalties. A suitable computer program for
carrying out such an alignment is the GCG Wisconsin Bestfit package (University of
Wisconsin, U.S.A.; Devereux ef al., 1984, Nucleic Acids Research 12:387). Examples of
other software than can perform sequence comparisons include, but are not limited to, the
BLAST package (see Ausubel ez al., 1999 ibid — Chapter 18), FASTA (Atschul et al.,
1990, J. Mol. Biol., 403-410) and the GENEWORKS suite of comparison tools. Both
BLAST and FASTA are available for offline and online searching (see Ausubel ef al.,
1999 ibid, pages 7-58 to 7-60). However it is preferred to use the GCG Bestfit program.

Although the final % homology can be measured in terms of identity, the
alignment process itself is typically not based on an all-or-nothing pair comparison.
Instead, a scaled similarity score matrix is generally used that assigns scores to each
pairwise comparison based on chemical similarity or evolutionary distance. An example of
such a matrix commonly used is the BLOSUM62 matrix - the default matrix for the
BLAST suite of programs. GCG Wisconsin programs generally use either the public
default values or a custom symbol comparison table if supplied (see user manual for
further details). It is preferred to use the public default values for the GCG package, or in
the case of other software, the default matrix, such as BLOSUMG62.

Once the software has produced an optimal alignment, it is possible to calculate %
homology, preferably % sequence identity. The software typically does this as part of the
sequence comparison and generates a numerical result.
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Variants and Derivatives

The terms “variant” or “derivative” in relation to the amino acid sequences as
described here includes any substitution of, variation of, modification of, replacement of,
deletion of or addition of one (or more) amino acids from or to the sequence. Preferably,
the resultant amino acid sequence retains substantially the same activity as the unmodified
sequence, preferably having at least the same activity as the cgHSP27 and cgHSP70
polypeptides shown in the sequence listings. Thus, the key feature of the sequences —
namely that they are capable of modulating one or more apoptotic processes — is

preferably retained.

Polypeptides having the amino acid sequence shown in the Examples, or fragments
or homologues thereof may be modified for use in the methods and compositions
described here. Typically, modifications are made that maintain the biological activity of
the sequence. Amino acid substitutions may be made, for example from 1, 2 or 3 to 10, 20
or 30 substitutions provided that the modified sequence retains the biolo gical activity of
the unmodified sequence. Amino acid substitutions may include the use of non-naturally
occurring analogues, for example to increase blood plasma half-life of a therapeutically
administered polypeptide.

Natural variants of cgHSP27 and cgHSP70 are likely to comprise conservative
amino acid substitutions. Conservative substitutions may be defined, for example
according to the Table below. Amino acids in the same block in the second column and
preferably in the same line in the third column may be substituted for each other:

ALIPHATIC Non-polar GAP
ILV
Polar - uncharged CSTM
NQ
Polar - charged DE

KR
AROMATIC HFWY

Fragments

Polypeptides disclosed here and useful as markers also include fragments of the
above mentioned full length polypeptides and variants thereof, including fragments of the

sequences set out in the sequence listings.
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Polypeptides also include fragments of the full length sequence of any of the
cgHSP27 and cgHSP70 polypeptides. Preferably fragments comprise at least one epitope.
Methods of identifying epitopes are well known in the art. Fragments will typically
comprise at least 6 amino acids, more preferably at least 10, 20, 30, 50 or 100 amino acids.

Included are fragments comprising, preferably consisting of, 5, 6, 7, 8, 9,10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35,
36,37, 38, 39, 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58, 59,
60, 61, 62, 63, 64, 65, 66, 67, 68, 69, 70,71, 72, 73, 74, 75,76, 77, 78, 79, 80, 81, 82, 83,
84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 105, 110, 115, 120, 125,
130, 135, 140, 145 or 150, or more residues from a cgHSP27 and/or cgHSP70 amino acid
sequence.

Polypeptide fragments of the cgHSP27 and ¢gHSP70 proteins and allelic and species
variants thereof may contain one or more (e.g. 5, 10, 15, or 20) substitutions, deletions or
insertions, including conserved substitutions. Where substitutions, deletion and/or insertions
occur, for example in different species, preferably less than 50%, 40% or 20% of the amino

acid residues depicted in the sequence listings are altered.

cgHSP27 and cgHSP70 and their fragments, homologues, variants and derivatives,
may be made by recombinant means. However, they may also be made by synthetic means
using techniques well known to skilled persons such as solid phase synthesis. The proteins
may also be produced as fusion proteins, for example to aid in extraction and purification.
Examples of fusion protein partners include glutathione-S-transferase (GST), 6xHis,
GAL4 (DNA binding and/or transcriptional activation domains) and B-galactosidase. It
may also be convenient to include a proteolytic cleavage site between the fusion protein
partner and the protein sequence of interest to allow removal of fusion protein sequences.
Preferably the fusion protein will not hinder the function of the protein of interest

sequence. Proteins may also be obtained by purification of cell extracts from animal cells.

The cgHSP27 and cgHSP70 polypeptides, variants, homologues, fragments and
derivatives disclosed here may be in a substantially isolated form. It will be understood
that such polypeptides may be mixed with carriers or diluents which will not interfere with
the intended purpose of the protein and still be regarded as substantially isolated. A
cgHSP27 and/or cgHSP70 variant, homologue, fragment or derivative may also be in a
substantially purified form, in which case it will generally comprise the protein in a
preparation in which more than 90%, e.g. 95%, 98% or 99% of the protein in the

preparation is a protein.
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The cgHSP27 and cgHSP70 polypeptides, variants, homologues, fragments and
derivatives disclosed here may be labelled with a revealing label. The revealing label may be
any suitable label which allows the polypeptide , etc to be detected. Suitable labels include
radioisotopes, e.g. '*°I, enzymes, antibodies, polynucleotides and linkers such as biotin.
Labelled polypeptides may be used in diagnostic procedures such as immunoassays to
determine the amount of a polypeptide in a sample. Polypeptides or labelled polypeptides
may also be used in serological or cell-mediated immune assays for the detection of immune

reactivity to said polypeptides in animals and humans using standard protocols.

cgHSP27 and cgHSP70 polypeptides, variants, homologues, fragments and
derivatives disclosed here, optionally labelled, my also be fixed to a solid phase, for example
the surface of an immunoassay well or dipstick. Such labelled and/or immobilised
polypeptides may be packaged into kits in a suitable container along with suitable reagents,
controls, instructions and the like. Such polypeptides and kits may be used in methods of
detection of antibodies to the polypeptides or their allelic or species variants by

immunoassay.

Immunoassay methods are well known in the art and will generally comprise: (a)
providing a polypeptide comprising an epitope bindable by an antibody against said
protein; (b) incubating a biological sample with said polypeptide under conditions which
allow for the formation of an antibody-antigen complex; and (c) determining whether
antibody-antigen complex comprising said polypeptide is formed.

The c¢gHSP27 and cgHSP70 polypeptides, variants, homologues, fragments and
derivatives disclosed here may be used in in vifro or in vivo cell culture systems to study
the role of their corresponding genes and homologues thereof in cell function, including
their function in disease. For example, truncated or modified polypeptides may be
introduced into a cell to disrupt the normal functions which occur in the cell. The
polypeptides may be introduced into the cell by in situ expression of the polypeptide from
a recombinant expression vector (see below). The expression vector optionally carries an

inducible promoter to control the expression of the polypeptide.

The use of appropriate host cells, such as insect cells or mammalian cells, is
expected to provide for such post-translational modifications (e.g. myristolation,
glycosylation, truncation, lapidation and tyrosine, serine or threonine phosphorylation) as
may be needed to confer optimal biological activity on recombinant expression products.
Such cell culture systems in which the cgHSP27 and cgHSP70 polypeptides, variants,
homologues, fragments and derivatives disclosed here are expressed may be used in assay
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systems to identify candidate substances which interfere with or enhance the functions of
the polypeptides in the cell.

CRICETULUS GRISEUS CGHSP27 AND CGHSP70 NUCLEIC ACIDS

We provide generally for a number of cgHSP27 and cgHSP70 nucleic acids,
together with fragments, homologues, variants and derivatives thereof. These nucleic acid
sequences preferably encode the polypeptide sequences disclosed here, and particularly in

the sequence listings.

Preferably, the polynucleotides comprise cgHSP27 and cgHSP70 nucleic acids,
preferably SEQ ID NO: 1 and SEQ ID NO: 3 respectively.

In particular, we provide for nucleic acids or polynucleotides which encode any of
the Cricetulus griseus polypeptides disclosed here. Thus, the terms “cgHSP27 sequence”
and “cgHSP70 sequence” should be construed accordingly. Preferably, however, such
nucleic acids or polynucleotides comprise any of the sequences set out as SEQ ID NOs: 1
or 3, or a sequence encoding any of the corresponding polypeptides, and a fragment,
homologue, variant or derivative of such a nucleic acid. The above terms therefore

preferably should be taken to refer to these sequences.

As used here in this document, the terms “polynucleotide”, “nucleotide”, and
nucleic acid are intended to be synonymous with each other. “Polynucleotide” generally
refers to any polyribonucleotide or polydeoxribonucleotide, which may be unmodified
RNA or DNA or modified RNA or DNA. “Polynucleotides” include, without limitation
single- and double-stranded DNA, DNA that is a mixture of single- and double-stranded
regions, single- and double-stranded RNA, and RNA that is mixture of single- and double-
stranded regions, hybrid molecules comprising DNA and RNA that may be single-
stranded or, more typically, double-stranded or a mixture of single- and double-stranded
regions. In addition, “polynucleotide” refers to triple-stranded regions comprising RNA or
DNA or both RNA and DNA. The term polynucleotide also includes DNAs or RNAs
containing one or more modified bases and DNAs or RNAs with backbones modified for
stability or for other reasons. “Modified” bases include, for example, tritylated bases and
unusual bases such as inosine. A variety of modifications has been made to DNA and
RNA; thus, “polynucleotide” embraces chemically, enzymatically or metabolically
modified forms of polynucleotides as typically found in nature, as well as the chemical
forms of DNA and RNA characteristic of viruses and cells. “Polynucleotide” also

embraces relatively short polynucleotides, often referred to as oligonucleotides.
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reparation is a protein
cgmpriementary squence of that polynucleotide is also included.

The terms “variant”, “homologue” or “derivative” in relation to a nucleotide sequence
include any substitution of, variation of, modification of, replacement of, deletion of or
addition of one (or more) nucleotides from or to the sequence. Preferably, the resulting

sequence is capable of encoding a polypeptide which has apoptosis mediator activity.

As indicated above, with respect to sequence identity, a “homologue” has
preferably at least 5% identity, at least 10% identity, at least 15% identity, at least 20%
identity, at least 25% identity, at least 30% identity, at least 35% identity, at least 40%
identity, at least 45% identity, at least 50% identity, at least 55% identity, at least 60%
identity, at least 65% identity, at least 70% identity, at least 75% identity, at least 80%
identity, at least 85% identity, at least 90% identity, or at least 95% identity to the relevant

sequence shown in the sequence listings.

More preferably there is at least 95% identity, more preferably at least 96%
identity, more preferably at least 97% identity, more preferably at least 98% identity, more



20 The cgHSP27 and cgHSP70 polypeptides, variants, homologues,
fragments and derivatives disclosed here may be labelled with a revealing
label. The revealing label may be anyssuitable label which allows the
polypeptide , etc to be detected. Suitable labels include radioisotopes, e.g.
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LEIC ACIDS We provide generally for a number of
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caftbpanticutaelyprizferably at least 95% or 98% homologous to the corresponding
nucleotide sequences presented herein over a region of at least 20, preferably at least 25 or
30, for instance at least 40, 60 or 100 or more contiguous nucleotides.



the sequence listings. Preferably, the polynucleotides comprise
cgHSP27 and cgHSP70 nucleic acids, preferably SEQ ID NO: 1 and SEQ
ID NO: 3 respectively. In particulag, we provide for nucleic acids or
polynucleotides which encode any of the Cricetulus griseus polypeptides
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triple-stranded regions comprising RNA or DNA or both RNA and DNA.

The thhmwipolyriitiesnde ErRehcRigEs PRAVHTRNAS Cotarint Bhd Brof the
prae inadifiadhasas ashONAsoRNASowithidaldordinmedifipehégrat about
1@%?'“%’ O IO PLISRIANS, SHAIRH ABSGeALUAHSAE GRMAR. As will be

rity13EY baSes an unusual basés such as inosine. A varigty of d
updeifedivribosasbudh i fiteto DRAVIHEIRIRSHES ) %té?éloct?ﬂi‘ebﬁ used to
ilemienek cheminaly] prizymatidalbsequneroolidain ntdifiedifsras on)
sPAbAvCIeatides.ashaic sy fauns mmmusedascvaihastberchemigalyfouiestide

of DNA and RNA characteristic of viruses and cells. "Polynucleotide" also
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oligonucleotides, 22 It will be understood b ]
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66 ypeptide sequence encoded by the polynucleotides described here to

reflect the codon usage. of a ti rganism et eiher
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nucleotides. A number of different types of modification to oligonucleotides

are ke dbedREwhiaSE AstudeEsiReapohai@qutces disclosed here but
AlosRiCiieaie packheoss. Addtien RlAsIdns oL ROy SRR INB !

&3 4hdfof 5" ends of the molecule, For the purpose ,of%ﬁg resent
smﬁ@éﬁﬁsm‘ié%lﬁé%@dw%amwaﬂﬁ%‘B‘a%%{?é?éé’ﬁ%%éB @ﬁigﬁ&%@%?
fromy: henmeadifieih binalsyfonetaoolavadiatstesis femahitisertpamitieatidnaddition,
JnayRe1auieshodt RiaNdenimenBaacatheiiniveladiiibhon dfecsfamdfn
polynucleotides. Where the polynucleotide is double-stranded, both
strands of the duplex, either individually or in combination, are
encompassed by the methods and compositions described here. Where
the polynucleotide is single-stranded, it is to be understood that the
complementary sequence of that polynucleotide is also included. The
terms "variant”, "homologue" or "derivative" in relation to a nucleotide
sequence include any substitution of, variation of, modification of,
replacement of, deletion of or addition of one (or more) nucleotides from
or to the sequence. Preferably, the resulting sequence is capable of

encoding a polypeptide which has apoptosis mediator activity. As
indicated abhove with recnect tno cedirience identity, a2 "homoloarie™ hace



23 preferably at least 99% identity. Nucleotide homology comparisons

may be conducted as described above. A preferred sequence comparison

program is the GCG Wisconsin Bestjit program described above. The

default scoring matrix has a match value of 10 for each identical
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non-specific DNA member of the library which is less than 10 fold,

Argfaiaily less than 100 fold as intense as the specific interaction

observed with the target DNA. The intensity of interaction may be
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nuc ing complex, as taught in Berger and Kimmel (1987,
Guide to Molecular Clonlng Techniques, Methods in Enzymology Vol 152,
Academic Press, San Diego CA), and confer a defined "stringency" as
explained below.



Maximum stringency typically occurs at about Tm-5C (5C below the Tin of
the probe); high stringency at about 5C to 10C below Tin; intermediate
stringency at about 10C to 20C beloyg Tm; and low stringency at about

20C to 25C below Tin. As will be understood by those of skill in the art, a
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sequence which it is desired to clone, bringing the primers into contact

with mRNA or cDNA obtained from an animal or human cell, performing a
polymerase chain reaction under conditions which bring about

amplification of the desired region, isolating the amplified fragment (e.g.

by purifying the reaction mixture on an agarose gel) and recovering the
amplified DNA. The primers may be designed to contain suitable

restriction enzyme recognition sites so that the amplified DNA can be

cloned into a suitable cloning vector



APOPTOSIS According to the invention, increase in cell viability of
cgHSP27 and/or cglISP70 modified cells results from a decrease in
apoptosis in the modified cell populagtpns. 26 Accordingly, preferably,
apoptosis in a modified cell population is decreased by at least 10%,
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cell turnover and tissue homeostasis, embryogenesis, induction and
maintenance of immune tolerance, development of the nervous system
and endocrinedependent tissue atrophy. Cells undergoing apoptosis show
characteristic morphological and biochemical features. These features
include chromatin aggregation, nuclear and cytoplasmic condensation,
partition of cytoplasm and nucleus into membrane bound vesicles
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Necrosis Apoptosis Morphological Loss of membrane Membrane
blebbing, but no loss of features integrity integrity Begins with swellinof
Aggregation of chromatin at the nuclgar cytoplasm and mitochondria

Disintegration
(swelling) of organelles

Formation of membrane bound vesicles
(apoptotic bodies)

Mitochondria become leaky due to pore
formation involving proteins of the bcl-2

family.
Biochemical Loss of regulation of ion | Tightly regulated process involving
features homeostasis activation and enzymatic steps
No energy requirement | Energy (ATP)-dependent (active process,
(passive process, also does not occur at 4°C)
occurs at 4°C) .
Non-random mono- and oligonucleosomal
Random digestion of length fragmentation of DNA (Ladder
DNA (smear of DNA pattern after agarose gel electrophoresis)
after agarose gel ] i
) Prelytic DNA fragmentation Release of
electrophoresis) _ _
various factors (cytochrome C, AIF) into
Postlytic DNA cytoplasm by mitochondria
fragmentation (= late o
Activation of caspase cascade
event of death)
Alterations in membrane asymmetry (i.e.,
translocation of phosphatidyl-serine
from the cytoplasmic to the extracellular
side of the membrane)
Physiological Affects groups of Affects individual cells
significance contiguous cells

Evoked by non-
physiological
disturbances
(complement attack,
lytic

viruses, hypothermia,
hypoxia, ischemica,
metabolic poisons)

Phagocytosis by

Induced by physiological stimuli (lack of
growth factors, changes in hormonal

environment)

Phagocytosis by adjacent cells or

macrophages

No inflammatory response




membrane Begins with shrinking of cytoplasm and Ends with total cell
lysis condensation of nucleus No vesicle formation, complete lysis Ends
with fragmentation of cell into smallesgoodies 28 Disintegration (swelling)
of organelles Farmation of membrane bound vesicles (apoptotic bodies)

Mitochondria be®8fierieagey due to pore formation involving proteins of the

bc1-2 family. o
Significant

inflammatory response

Table 1: Differential features and significance of necrosis and apoptosis.

Reference is made to the following documents, which describe apoptosis in detail,
as well as various assays for measuring cell death by apoptosis: Schwartzman, R. A. and
Cidlowski, J. A. (1993). Endocrine Rev. 14, 133; Vermes, 1. and Haanan, C. (1994). Adv.
Clin. Chem. 31, 177; Berke, G. (1991). Immunol. Today 12, 396; Krihenbiihl, O. and
Tschopp, J. (1991). Immunol. Today12, 399; Van Furth, R. and Van Zwet, T. L. (1988). J.
Immunol; Methods 108, 45. Cohen, J. J. (1993) Apoptosis. Immunol. Today14, 126;
Savill, J. S. et al. (1989). J. Clin. Invest. 83, 865; Wyllie, A. H. (1980). Nature 284, 555;
Leist, M. et al. (1994) Biochemica No. 3, 18-20; Fraser, A. and Evan, G. (1996) Cell 85,
781-784; Duke, R. C. (1983). Proc. Natl. Acad. Sci. USA 80,6361; Duke, R. C. & Cohen,
J. J. (1986). Lymphokine Res. 5, 289; Trauth, B. C. et al. (1994) Eur. J. Cell. Biol. 63,
32,Suppl 40; Matzinger, P. (1991). J. Immunol; Methods 145, 185; Kaeck, M. R. (1993);
Anal. Biochem. 208, 393; Prigent, P. et al. (1993). J. Immunol; Methods 160, 139; Huang,
P. & Plunkett, W. (1992); Anal. Biochem. 207, 163Bortner , C. D. et al. (1995) Trends
Cell Biol. 5, 21; Gold, R. et al. (1994); Lab. Invest. 71, 219.

Apoptosis and cell mediated cytotoxicity are characterized by cleavage of the
genomic DNA into discrete fragments prior to membrane disintegration. Accordingly,
apoptosis may be assayed by measuring DNA fragmentation, for example, by observing
the presence of DNA ladders. DNA fragments may be assayed , for example, as “ladders”
(with the 180 bp multiples as “rungs” of the ladder) derived from populations of cells, or
by quantification of histone complexed DNA fragments via, for exmaple, ELISA. Such an
assay relies on an one-step sandwich immunoassay to detect nucleosomes. The procedure
involves pelleting cells by centrifugation and discarding the supernatant (which contains
DNA from necrotic cells that leaked through the membrane during incubation). Cells are
resuspended and incubated in lysis buffer. After lysis, intact nuclei are pelleted by
centrifugation. An aliquot of the supernatant is transferred to a streptavidin-coated well of
a microtiter plate, and nucleosomes in the supernatant are bound with two monoclonal
antibodies, anti-histone (biotin-labeled) and anti-DNA (peroxidase-conjugated). Antibody-
nu-cleosome complexes are bound to the microtiter plate by the streptavidin. The
immobilized antibody-histone complexes are washed three times to remove cell
components that are not immuno-reactive, and the sample is incubated with peroxidase



Biochemical features Loss of regulation of ion homeostasis No energy
requirement (passive process, also occurs at 4C) Random digestion of
DNA (smear of DNA after agarose gej electrophoresis) Postlytic DNA
fragmentation (--- late event of death) Tightly regulated process involving
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Caigaificancatdiieatstgranszod codtifiontseglisfor example, by an in vitro enzyme
assay of, for example, cellular lysates by capturing of the caspase and measuring
proteolytic cleavage of a suitable substrate. Furthermore, caspases may be assayed by
detection of cleavage of an in vivo caspase substrate such as PARP (Poly-ADP-Ribose-
Polymer-ase). Cleaved fragments of PARP may be detected with a suitable antibody such
as an anti PARP antibody. Protease assays and DNA fragmentation assays are especially
suitable for assaying apoptosis in cell populations.

Methods for studying apoptosis in individual cells are also available, such as ISNT
and TUNEL enzymatic labeling assays. As noted above, extensive DNA degradation is a
characteristic event which often occurs in the early stages of apoptosis. Cleavage of the
DNA yields double-stranded, low molecular weight DNA fragments (mono- and
oligonucleosomes) as well as single strand breaks (“nicks”) in high molecular weight-
DNA. In TUNEL, such DNA strand breaks are detected by enzymatic labeling of the free
3°-OH termini with suitable modified nucleotides (such as X-dUTP, X = biotin, DIG or
fluorescein). Suitable labeling enzymes include DNA polymerase (nick translation) in
ISNT (“in situ nick translation”) and terminal deoxynucleotidyl transferase (end labeling)
in TUNEL (“TdT-mediated X-dUTP nick end labeling”; Huang, P. & Plunkett, W., 1992,
Anal. Biochem. 207, 163; Bortner , C. D. et al., 1995, Trends Cell Biol. 5, 21).

Apoptosis may also be assayed by measuring membrane alterations, including: loss
of terminal sialic acid residues from the side chains of cell surface glycoproteins, exposing
new sugar residues; emergence of surface glycoproteins that may serve as receptors for
macrophage-secreted adhesive molecules such as thrombospondin; and loss of asymmetry
in cell membrane phoépholipids, altering both the hydrophobicity and charge of the
membrane surface. In particular, the human anticoagulant annexin V is a 35-36 kilodalton,
Ca2+-dependent phospholipid-binding protein that has a high affinity for
phosphatidylserine (PS). In normal viable cells, PS is located on the cytoplasmic surface
of the cell membrane. However, in apoptotic cells, PS is translocated from the inner to the
outer leaflet of the plasma membrane, thus exposing PS to the external cellular
environment. Annexin V may therefore be used to detect phos-phatidylserine

asymmetrically exposed on the surface of apoptotic cells (Homburg, C. H. E. et al. 1995,
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The control sequences may be modified, for example by the addition of further
transcriptional regulatory elements to make the level of transcription directed by the

control sequences more responsive to transcriptional modulators.
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Detection of apoptosis-related proteins such as ced-3, ced-4, ced-9 (Ellis,

H. M. and Horvitz, H. R., 1986, Cell 44,817-829; Yuan, J Y. and Horvitz,

H. R., 1990, Dev. Biol. 138,33-41; HeMgartner, M. 0., Ellis, R. E. and

Horvitz, H. R., 1992, Nature 356, 494-499.), Fas(CD95/Apo-1; Enari et al.,
1996, Nature 380,723-726), Bc1-2 (Baffy, G. et al., 1993, J. Biol. Chem.
268,6511-6519; Miyashita, T. and Reed, J. C., 1993, Blood 81, 151-157;
Oltvai, Z. N., Milliman, C. L. and Korsmeyer, S. J., 1993, Cell 74,609-619),

p53 (Yonish-Rouach, E et al., 1991, Nature 352,345-347), etc by the use

of antibodies may also be used to assay apoptosis. NUCLEOTIDE
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32 The nucleotide vectors, preferably expression vectors, may suitably

comprise coding sequences for any protein of interest which it is desired

to express, for example, a glycoprotgi such as interferon-y. Alternatively,

or in addition, the protein of interest may be expressed from a separate
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example, to transfect or transform a host cell. Control sequences
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Rous sarcoma virus (RSV) LTR promoter or the human cytomegalovirus
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polynucleotide sequence is brought into association with a regulatory
sequence so as to enable the regulatory sequence to direct expression of
said polynucleotide. Expression of the polypeptide under control of the
regulatory sequence is then allowed to happen. Optionally, the
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An insect system may also be used to express cgHSP27 and/or
cgHSP70. For example, in one such system, Autographa californica
nuclear polyhedrosis virus (AcNPV) is used as a vector to express foreign
genes in Spodoptera frugiperda cells or in Trichoplusia larvae. The
sequences encoding cgHSP27 and/or cgHSP70 may be cloned into a
non-essential region of the virus, such as the polyhedrin gene, and placed
under control of the polyhedrin promoter. Successful insertion of cgHSP27
and/or egl-ISP70 will render the polyhedrin gene inactive and produce

recombinant virus lacking coat protein. The recombinant viruses may then
he 1icead to infect for evambpnle < irtriainerda celle or Trichonliicia larvae in
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(Lowy, I. et al. (1980) Cell 22:817-23), which can be employed in tk- or
apr- cells, respectively. Also, antimetabolite, antibiotic, or herbicide
resistance can be used as the basis for selection. For example, dhfr
confers resistance to methotrexate (Wigler, M. et al. (1980) Proc. Natl.
Acad. Sci. 77:3567-70); npt confers resistance to the aminoglycosides
neomycin and G-418 (Colbere-Garapin, F. et al (1981) J. Mol. Biol.
150:1-14); and als or pat confer resistance to chlorsulfuron and
phosphinotricin acetyltransferase, respectively (Murry, supra). Additional

selectable genes have been described, for example, trpB, which allows
calle to 11tilize indole in nlace of trvyntonhan or hieD which allowe celle tn
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Moreover, immunogenicity may be minimised by humanising the
antibodies by CDR grafting [see European Patent Application 0 239 400
(Winter)] and, optionally, framework modification [EP 0 239 400].
Anti-cgHSP27 and/or cgHSP70 antibodies may be obtained from animal
serum, or, in the case of monoclonal antibodies or fragments thereof,
produced in cell culture. Recombinant DNA technology may be used to
produce the antibodies according to established procedure, in bacterial or
preferably mammalian cell culture. The selected cell culture system

preferably secretes the antibody product. Therefore, we disclose a
nrocace for the nrodiictinn of an antibondyy caompricina crilttirina a hoet e A



43 In vitro production provides relatively pure antibody preparations

and allows scaleup to give large amounts of the desired antibodies.

Techniques for bacterial cell, yeast aggmammalian cell cultivation are

known in the art and include homogeneous suspension culture, e.g. in an
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cells obtained in the fusion are cloned, and cell clones secreting the

desired antibodies are selected. For example spleen cells of Balb/c mice
immunised with cgHSP27 and/or cgLISP70 are fused with cells of the
myeloma cell line PAT or the rnyeloma cell line Sp2/0-Ag14, the obtained
hybrid cells are screened for secretion of the desired antibodies, and

positive hybridoma cells are cloned. Preferred is a process for the
preparation of a hybridoma cell line, characterised in that Balb/c mice are
immunised by injecting subcutaneously and/or intraperitoneally between

10 and 107 and 108 cells expressing cgHSP27 and/or cgHSP70 and a
suitable adjuvant several times, e.g. four to six times, over several

months, e.g. between two and four months, and spleen cells from the

immunised mice are taken two to four days after the last injection and
fiiced with calle of the mveloma cell line PAT in the nrecence nf a2 fiicinn




45 enzymatically or chemically synthesised DNA having the authentic
DNA sequence coding for a heavy chain variable domain and/or for the
light chain variable domain, or a mutggt thereof. A mutant of the authentic
DNA is a DNA encoding a heavy chain variable domain and/or a light
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day 3 of the culture at 42C for 15 minutes in a water bath. The cells are
then returned to the normal growth conditions at 37C with 8% CO2 for 90
minutes for cells to initiate heat shock protein expression. 3 X 107 cells
are then centrifuged at 1000 rpm for 10 minutes and cell pellets collected
for RNA extraction.



Total RNA is extracted from the cell pellets collected using TrizoK)

reagent according to manufacturer's instructions (Invitrogen). 15t-strand

cDNA is synthesized by reverse-trangcription of total RNA (30 ug) using

ImProm-II reverse transcriptase (Promega) and anchored oligo-dT28
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are operatively linked to the endogenous gene. The DNA construct may alternatively
comprise: (a) a targeting sequence, (b) a regulatory sequence, (c) an exon, (d) a splice-
donor site, (¢) an intron, and (f) a splice-acceptor site, wherein the targeting sequence
directs the integration of elements (a)-(f) such that the elements of (b)-(f) are operatively
linked to the first exon of the endogenous gene.

The targeting sequences used are selected with reference to the site into which the
DNA is to be inserted. In both arrangements the targeting event is used to create a new
transcription unit, which is a fusion product of sequences introduced by the targeting DNA
constructs and the endogenous cellular gene. For example, the formation of the new
transcription unit allows transcriptionally silent genes (genes not expressed in a cell prior
to transfection) to be activated in host cells by introducing into the host cell’s genome a
DNA construct as described. The expression of an endogenous gene such as cgHSP27
and/or cgHSP70 which is expressed in a cell as obtained can be altered in that it is
increased, reduced, including eliminated, or the pattern of regulation or induction may be

changed through use of the gene activation method.
ANTIBODIES

Specific antagonists of cgHSP27 and/or cgHSP70, which may be used to regulate
the activity of these proteins and may include antibodies against the protein(s). In
particular, we disclose antibodies capable of binding to cgHSP27 and/or cgHSP70, and
preferably capable of inhibiting any biological activity thereof..

We therefore provide in particular for anti- cgHSP27 and/or cgHSP70 antibodies,

as well as methods of producing them.

Antibodies, as used herein, refers to complete antibodies or antibody fragments
capable of binding to a selected target, and including Fv, ScFv, Fab’ and F(ab’),,
monoclonal and polyclonal antibodies, engineered antibodies including chimeric, CDR-
grafted and humanised antibodies, and artificially selected antibodies produced using
phage display or alternative techniques. Small fragments, such as Fv and ScFv, possess
advantageous properties for diagnostic and therapeutic applications on account of their

small size and consequent superior tissue distribution.



Human EISP70NM 005345 HSP70Mouse HSP70NM 010479 Rat

HSP70NM 031971 CGATGACCGAGCGCCG TCTACTTGGCTCCAGAC
COTTGTTCAG CAGCCCGGACGCAGC AGCCAGCAGAGGCCT
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established procedure, in bacterial or preferably mammalian cell culture. The selected cell

culture system preferably secretes the antibody product.

Therefore, we disclose a process for the production of an antibody comprising
culturing a host, e.g. E. coli or a mammalian cell, which has been transformed with a
hybrid vector comprising an expression cassette comprising a promoter operably linked to
a first DNA sequence encoding a signal peptide linked in the proper reading frame to a
second DNA sequence encoding said antibody protein, and isolating said protein.

Multiplication of hybridoma cells or mammalian host cells in vitro is carried out
in suitable culture media, which are the customary standard culture media, for example
Dulbecco’s Modified Eagle Medium (DMEM) or RPMI 1640 medium, optionally
replenished by a mammalian serum, e.g. foetal calf serum, or trace elements and growth
sustaining supplements, e.g. feeder cells such as normal mouse peritoneal exudate cells,
spleen cells, bone marrow macrophages, 2-aminoethanol, insulin, transferrin, low density
lipoprotein, oleic acid, or the like. Multiplication of host cells which are bacterial cells or
yeast cells is likewise carried out in suitable culture media known in the art, for example
for bacteria in medium LB, NZCYM, NZYM, NZM, Terrific Broth, SOB, SOC,2x YT,
or M9 Minimal Medium, and for yeast in medium YPD, YEPD, Minimal Medium, or
Complete Minimal Dropout Medium.



Both the nucleotide and translated amino acid sequences of CHO H5P27
(SEQ ID NO: 1 and SEQ ID NO: 2) and HSP70 (SEQ ID NO: 3 and SEQ
ID NO: 4) that are obtained showed lgh similarity to their respective

human, mouse and rat homologues. Among these three species, mouse
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CRAaisecRBRZTS(NP 038588.1) 98% Homology to Rat HSP27

(NP_114176.1)
Large quantities of the desired antibodies can also be obtained by multiplying

mammalian cells in vivo. For this purpose, hybridoma cells producing the desired
antibodies are injected into histocompatible mammals to cause growth of antibody-
producing tumours. Optionally, the animals are primed with a hydrocarbon, especially
mineral oils such as pristane (tetramethyl-pentadecane), prior to the injection. After one to
three weeks, the antibodies are isolated from the body fluids of those mammals. For
example, hybridoma cells obtained by fusion of suitable myeloma cells with antibody-
producing spleen cells from Balb/c mice, or transfected cells derived from hybridoma cell
line Sp2/0 that produce the desired antibodies are injected intraperitoneally into Balb/c
mice optionally pre-treated with pristane, and, after one to two weeks, ascitic fluid is taken

from the animals.

The foregoing, and other, techniques are discussed in, for example, Kohler and
Milstein, (1975) Nature 256:495-497; US 4,376,110; Harlow and Lane, Antibodies: a
Laboratory Manual, (1988) Cold Spring Harbor, incorporated herein by reference.
Techniques for the preparation of recombinant antibody molecules is described in the
above references and also in, for example, EP 0623679; EP 0368684 and EP 0436597,
which are incorporated herein by reference.

The cell culture supernatants are screened for the desired antibodies, for example
by immunoblotting, by an enzyme immunoassay, e.g. a sandwich assay or a dot-assay, or a

radioimmunoassay.

For isolation of the antibodies, the immunoglobulins in the culture supernatants or
in the ascitic fluid may be concentrated, e.g. by precipitation with ammonium sulphate,
dialysis against hygroscopic material such as polyethylene glycol, filtration through
selective membranes, or the like. If necessary and/or desired, the antibodies are purified by
the customary chromatography methods, for example gel filtration, ion-exchange
chromatography, chromatography over DEAE-cellulose and/or (immuno-) affinity
chromatography, e.g. affinity chromatography with cgHSP27 and/or cgHSP70, or
fragments thereof, or with Protein-A.



98% Table E4. Homologies with SEQ ID NO: 2 - CHO H5P27 Amino Acid
Sequence Homology to Human HSP70 (NM 005345) 90% Homology to
Mouse HSP70 (NM 010479) 98% 4g4Homology to Rat FISP70 (NM
031971)95% Table ES. Homologies with SEQ ID NO: 3 - CHO HSP70
Nuclebtite Rerueticsaqesimeschy o ragimeal MgPrbeaNre eb53BeYidedsP referred
hiylataclegyelss MeysadHkaRy StdDE 3460 onoclonal antibodies of the desired

specificity and can be activated from deep-frozen cultures by thawing and recloning.

Also included is a process for the preparation of a hybridoma cell line secreting
monoclonal antibodies directed to cgHSP27 and/or cgHSP70, characterised in that a
suitable mammal, for example a Balb/c mouse, is immunised with a one or more cgHSP27
and/or cgHSP70 polypeptides, or antigenic fragments thereof; antibody-producing cells of
the immunised mammal are fused with cells of a suitable myeloma cell line, the hybrid
cells obtained in the fusion are cloned, and cell clones secreting the desired antibodies are
selected. For example spleen cells of Balb/c mice immunised with cgHSP27 and/or
cgHSP70 are fused with cells of the myeloma cell line PAI or the myeloma cell line
Sp2/0-Agl4, the obtained hybrid cells are screened for secretion of the desired antibodies,
and positive hybridoma cells are cloned.

Preferred is a process for the preparation of a hybridoma cell line, characterised in
that Balb/c mice are immunised by injecting subcutaneously and/or intraperitoneally
between 10 and 107 and 10® cells expressing cgHSP27 and/or cgHSP70 and a suitable
adjuvant several times, e.g. four to six times, over several months, e.g. between two and
four months, and spleen cells from the immunised mice are taken two to four days after
the last injection and fused with cells of the myeloma cell line PAI in the presence of a
fusion promoter, preferably polyethylene glycol. Preferably the myeloma cells are fused
with a three- to twentyfold excess of spleen cells from the immunised mice in a solution
containing about 30 % to about 50 % polyethylene glycol of a molecular weight around
4000. After the fusion the cells are expanded in suitable culture media as described
hereinbefore, supplemented with a selection medium, for example HAT medium, at
regular intervals in order to prevent normal myeloma cells from overgrowing the desired

hybridoma cells.

Recombinant DNAs comprising an insert coding for a heavy chain variable domain
and/or for a light chain variable domain of antibodies directed to cgHSP27 and/or
cgHSP70 as described hereinbefore are also disclosed. By definition such DNAs comprise
coding single stranded DNAs, double stranded DNAs consisting of said coding DNAs and
of complementary DNAs thereto, or these complementary (single stranded) DNAs
themselves.

Furthermore, DNA encoding a heavy chain variable domain and/or for a light
chain variable domain of antibodies directed to cgHSP27 and/or cgHSP70 can be



89% Homology to Rat HSP70 (NP 114177) 89% Table E6. Homologies

with SEQ ID NO: 4 - CHO HSP70 Amino Acid Sequence Figure 1

shows the apoptotic pathways regulated by H5P27 and HSP70. It"is

believed that overexpression of HSP27 and HSP70 in CHO-Kt cells '
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sequence is also a degenerated sequence. Degenerated sequences are degenerated within
the meaning of the genetic code in that an unlimited number of nucleotides are replaced by
other nucleotides without resulting in a change of the amino acid sequence originally
encoded. Such degenerated sequences may be useful due to their different restriction sites
and/or frequency of particular codons which are preferred by the specific host, particularly
E. coli, to obtain an optimal expression of the heavy chain murine variable domain and/or

a light chain murine variable domain.

The term mutant is intended to include a DNA mutant obtained by in vitro
mutagenesis of the authentic DNA according to methods known in the art.

For the assembly of complete tetrameric immunoglobulin molecules and the
expression of chimeric antibodies, the recombinant DNA inserts coding for heavy and
light chain variable domains are fused with the corresponding DNAs coding for heavy and
light chain constant domains, then transferred into appropriate host cells, for example after

incorporation into hybrid vectors.

Also disclosed are recombinant DNAs comprising an insert coding for a heavy
chain murine variable domain of an antibody directed to cgHSP27 and/or cgHSP70 fused
to a human constant domain g, for example y1, y2, y3 or v4, preferably y1 or y4. Likewise
recombinant DNAs comprising an insert coding for a light chain murine variable domain
of an antibody directed to cgHSP27 and/or cgHSP70 fused to a human constant domain x

or A, preferably « are also disclosed.

In another embodiment, we disclose recombinant DNAs coding for a recombinant
polypeptide wherein the heavy chain variable domain and the light chain variable domain
are linked by way of a spacer group, optionally comprising a signal sequence facilitating
the processing of the antibody in the host cell and/or a DNA coding for a peptide



Forward PrimerReverse Primer Gene TemplateRestrictionRestriction 5' -
3' sequence5'- 3' sequence SiteSite TOPO-
CGCCTCGAGGCCGGCCACGCGT#EISP27 FISP27-1CHO-Xhol

HSP27MIlul ACCATGACCGAGTGTGCTG HS P70 HSP70-1
facilitating the purification of the antibody and/or a cleavage site and/or a peptide spacer

and/or an effector molecule.

The DNA coding for an effector molecule is intended to be a DNA coding for the
effector molecules useful in diagnostic or therapeutic applications. Thus, effector
molecules which are toxins or enzymes, especially enzymes capable of catalysing the
activation of prodrugs, are particularly indicated. The DNA encoding such an effector
molecule has the sequence of a naturally occurring enzyme or toxin encoding DNA, or a
mutant thereof, and can be prepared by methods well known in the art.

EXAMPLES
Example 1. Cloning of CHO Heat Shock Proteins (HSP) — Materials and Methods

Chinese hamster ovary, CHO-K1, cells (ATCC CCL-61) grown in shakeflask are
subjected to heat shock treatment on day 3 of the culture at 42°C for 15 minutes in a water
bath. The cells are then returned to the normal growth conditions at 37°C with 8% CO, for
90 minutes for cells to initiate heat shock protein expression. 3 X 10 cells are then
centrifuged at 1000 rpm for 10 minutes and cell pellets collected for RNA extraction.

Total RNA is extracted from the cell pellets collected using Trizol® reagent
according to manufacturer’s instructions (Invitrogen). 1%-strand cDNA is synthesized by
reverse-transcription of total RNA (30 pg) using ImProm-II reverse transcriptase
(Promega) and anchored oligo-dT28 primers (Proligo). The resulting cDNA pool is used
directly for PCR amplification.

Primers are designed as shown in Table E1 to amplify the entire coding region of

each gene.

Gene Sequences used for Primer Design Forward Primer Reverse Primer
Homologues Accession 5°-3) 5-3)
Human HSP27 NM_001540 -\ 154 00GAGCGCCG  TCTACTTGGCTCCAGAC
HSP27 Mouse HSP27 NM_013560
CGT TGTTCAG
Rat HSP27 NM_031970
HSPT0 &”ma“ 11——1138577 8 gﬁ—g? (5)431‘71; CAGCCCGGACGCAGC ~ AGCCAGCAGAGGCCT
ouse — CTTCCAG CTAATCC
Rat HSP70 NM_031971

Table E1. Primers for amplifying HSP27 and HSP70 sequences from CHO cells.



CAGGCTAGCCGCCCGGACGCGTT NhelAllul
TOPO-CATGGCCAAGCTAATCCAC CHO-
HSP70GCGTCTAGAGCCGCGGTC{ACGC XbalSall
GCCATGGCCAAGAGAGGCCTCT HSP70-2 Table E2. Primers for
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3100 Genetic Analyzer (Applied Biosystems).
Example 2. Cloning of Novel CHO Heat Shock Proteins, HSP27 and HSP70

Cloning and characterization of several members of the Chinese Hamster
(Cricetulus griseus) heat shock protein 70 kDa family, eg. HSC70 (Genbank Accession:
M34561) and mitochondrial HSP70 (Genbank Accession: U92313), have been detailed in
literature (Suhail er al. 1990, Singh et al. 1997). However, the gene sequences for the
inducible forms of the heat shock proteins 27kDa and 70kDa (HSP27 and HSP70) have
not previously been deposited in Genbank.

Primers are designed against HSP27 and HSP70 as described. The genes are then
cloned from CHO-K1 cells using mRNA extracted from cells exposed to a short duration
of hyperthermia to induce heat shock proteins expression and enrich the mRNA transcript
level of these inducible forms of HSPs for the subsequent molecular cloning work.

Both the nucleotide and translated amino acid sequences of CHO HSP27 (SEQ ID
NO: 1 and SEQ ID NO: 2) and HSP70 (SEQ ID NO: 3 and SEQ ID NO: 4) that are
obtained showed high similarity to their respective human, mouse and rat homologues.
Among these three species, mouse nucleotide and amino acid sequences of both HSPs
consistently show the highest homology to the CHO sequences over that of either human

or rat:
Homology to Human HS27 (NM 001540) 86%
Homology to Mouse HSP27 (NM_013560) 98%
Homology to Rat HSP27 (NM._031970) 92%
Table E3. Homologies with SEQ ID NO: 1 - CHO HSP27 Nucleotide Sequence
Homology to Human HSP27 (NP 001531.1) 90%
Homology to Mouse HSP27 (NP 038588.1) 98%
Homology to Rat HSP27 (NP 114176.1) 98%

Table E4. Homologies with SEQ ID NO: 2 - CHO HSP27 Amino Acid Sequence

Homology to Human HSP70 (NM 005345) 90%
Homology to Mouse HSP70 (NM 010479) 98%




49 A of the mammalian expression vector, pIRES (BD Biosciences),
generating pIRES-27 (Figure 3A). The HSP70-1 fragment from
TOPO-CHO-HSP70-1 is digested arg then inserted into the Nhel and Mild
multiple_cloning site A of pIRES, generating pIRES-70 (Figure 3B). The
HSP70-PlemglosnittRen HEPPOMMANSHI0-2 is digested p#a¥4hen
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generating pIRES-27/70 (Figure 3C). The fragment inserts are sequence
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DN 540 st . 4
CGCCTCGAGGCE GGCCACGCGTA
HSP27 HSP27-1  CHO- dhot PRI SRS Mt SIS
HSP27
CAGGCTAGCCGC CCGGACGCGTT
HSP70-1 ropo. Nhel  CATGGCCAAG ML T AATCCAC
HSP70 ————  CHO-
HSP70 GCGTCTAGAGCC GCGGTCGACGC
HSP70-2 Xbal — GECATGGCCAAG Sall AGAGGCCTCT

Table E2. Primers for addition of restriction sites to HSP27 and HSP70 cloning

fragments.

The amplified DNA fragments are separated by electrophoresis and purified from
agarose gels then subcloned into pCR-TOPO2.1 vector using the TOPO-TA cloning kit
according to manufacturer’s instructions (Invitrogen) to obtain TOPO-CHO-HSP27-1,
TOPO-CHO-HSP70-1 and TOPO-CHO-HSP70-2. The HSP27-1 fragment from TOPO-
CHO-HSP27-1 is digested and then inserted into the X%oI and Mlul multiple cloning site



Example 6. Generation of Stable Cell Lines CHO-IFN-y cells are
transfected with the pIRES-27, pIRES-70 and pIRES-27/70 plasmid

vectors using Lipofectamin 2000 reaggnt as per manufacturer's

instructions (Invitrogen), to obtain the stable cell lines p27 (overexpress

MY plEmasroivereRprsienMSPIMBRS PD/Birteiracesprasisttiy pIBES 27
(8l SR)0). Control cell line (pBlank) is generated through transfection of
the cells with the plasmid vector backbone. Geneticin, G418
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banking and further characterization. Single cell clones are selected

Ihaseplon daP@xgpiession level as detected using Western blots. Example
7. Bioreactor Set-Up and Fed-Batch Operations The instrumentation,
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The cell density in the culture is determined by cell counting using an

ImprogensMeuBaver inasmecyiamealRiMiehes: Fraland) soet Mgkl iSere and

imat sing the trypan blue exclusion method. Example 9.
S%%%ﬁrﬁ;‘%igﬁ’% IIg(éecl,>(’)¥r'nbinant Human Interferon-y (IFN-7) IFN-y

oncentrations in the cultures are determiped_from serially diluted
Al e oo st SRR R R R UNBLBS BE R ETRGR)
assay kit (HyCult Biotechnology) as ﬁée%r_ manufacturer's instructions.

Example 6 IS8 HMRAIENOP b bESE B s B osHe opRstuipianefiginagh, are
pSédiedampraipifiigs of, vxsi@bopet svittei collelct @b 8t a4l hymerbdnteevial R IPA
bilfrougheuhthe e A floppretic 85 sav N Qe osmed:ionaxantliy $98odium
d‘é@%%?a%’, §18A)3§]g$? 02 mM PMSF, 1 ug/ml pepstatin, 10 ug/ml leupeptin and 1
ug/ml Aprotine. The cell lysates are centrifuged at 14,000 rpm for 30 min at 4°C. The total
protein of the supernatants is quantified using BCA Protein Assay kit (Pierce 23225).

The protein samples (25 ug/lane) are treated with LDS sample buffer NuPAGE
NP0007), denatured at 95°C for 5 mins, separated by 4-12% Bis-Tris Gel (NuPAGE
NP032) and transferred onto a nitrocellulose membrane. HSP27, HSP70 and Actin are
probed with anti-HSP27 (Upstate 06-517, 1:4000 dilution), anti-HSP70 (SPA810F, 1:500
dilution) and anti-Actin (ab8226, 1:4000 dilution) respectively.

The primary antibodies are detected by using anti-rabbit-HRP (ab6721, 1:5000
dilution) or anti-mouse-HRP (ab6728, 1:5000 dilution), and visualized using the ECL
HRP chemiluminescent substrate (Amersham RPN 2101) and captured on Lumi-Film

Chemiluminescence (Roche).



activities in the cells using the BD ApoAlertTM Caspase Assay kit
according to manufacturer's instructions (BD Biosciences). The
fluorescence is monitored at an excitgtion wavelength of 360 inn and an
emission wavelength of 465 nm using a fluorescence spectrophotometer,
KypmpteRAfegsr aion of Fedde C@ldirsorescence readings are
background subtracted and normalized against the start of the culture.
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HSPs than control (pBlank). Example 12. Heat Shock Protein
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among the three engineered cell lines (Figure 5B). The p27/70 cell line
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indeed due to a delay in the initiation of apoptotic cell death. Caspases 3,
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phases throughout the fed-batch cultures and normalized against the start

of eacreb srmle pellets of 2 X 10° cells are collected at 24 hours intervals throughout

the cultures. A fluorimetric assay is performed to quantify the caspase 2, 3, 8 and 9



The results indicate that the elevation in caspases activities are delayed
by between 24 to 48 hours in the HSP cell lines compared to the Control
and corroborates the observation of gelayed cell death in the HSP
cultures (Figure 6). Furthermore, the much lower level of caspases
aglévivieel ilasells2riag|mBIp ropablyriENLtetPrsa s sl ptestlbaiability
nandfhence’ oingenaidisraBiuBitaneaossipared to the Control, p70 and
p27/70 cultures. Example 13. Heat Shock Protein Overexpression
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by depletion of nutrient, we are potentially addressing issues of viability loss that cannot

be easily alleviated by conventional media or fed-batch process improvements.

Fed-batch cultures of p27, p70 and p27/70 cells are conducted and compared
against Control (pBlank) fed-batch culture. All three engineered cell lines exhibited better

culture viability and extensions in culture duration when compared to the Control cells



This suggests that targeting multiple points in the apoptotic network using
heat shock proteins is a feasible and effective cellular engineering

strategy. This strategy can find genegic application for development of

stable robust cell lines with enhanced apoptosis-resistance and hence
(s vadSrmrash i dhf el rarvande Tordbieddherlansemivdrpransiabove
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Cell Line Expressing Monoclonal Antibody for Improved Culture Viability
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better characterization of these cells and final evaluation in the bioreactor
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interferon-y concentrations are determined from supernatent samples collected at regular

intervals throughout the cultures.

All three engineered cell lines show improved cumulative IVCD over Control of
54%, 129% and 77% for p27, p70 and p27/70 respectively (Figure 7). Improvement in p27
IVCD is solely due to extension in culture lifespan as evident from the complete
superimposition of the cumulative IVCD curves with the Control (Figure 7A).

Conversely, improvement in p70 IVCD is primarily due to improvement in growth
and maximum cell concentration attained since the cumulative IVCD curves deviate
significantly from Control (Figure 7B). p27/70 IVCD improvement, on the other hand,
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Example 15. Over-Expression of HSP27 and HSP70 in a CHO Cell Line Expressing
Monoclonal Antibody for Improved Culture Viability and Productivity

The objective of this example is to increase monoclonal antibody production in a
monoclonal antibody CHO cell line (CHO-mAb). This is achieved via over-expression of
HSP27 and HSP70 to improve culture viability and thus productivity.

The CHO-mADb cells is a CHO cell line constructed to express a humanized IgG1
monoclonal antibody against Rhesus(D)-antigen. The purpose for construction of the cell

line is for use as a model monoclonal antibody cell line for in-house development work.
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CLAIMS

1. A method of culturing a Chinese Hamster Ovary (CHO) cell in a bioreactor, the
method comprising fed-batch culture of a CHO cell which is engineered, or which an
ancestor thereof has been engineered, to up-regulate the expression of HSP27 comprising
the sequence set out as SEQ ID NO: 2 or a sequence having at least 98.5% sequence
identity thereto, in which up-regulation of expression of HSP27 results in an increase in
integrated cell viable density (ICVD) of at least 50%, compared to culture of CHO cells

which have not been so engineered.

2. A method according to Claim 1, in which the method comprises introducing an
expression vector capable of expressing HSP27, such as pIRES-27 (Figure 3A), into the

CHO cell or an ancestor thereof.

3. A method according to Claim 1 or 2, in which the CHO cell is a stable cell line
capable of over-expressing HSP27.

4. A method according to any preceding claim, in which in which the CHO cell
displays any one or more of the following: (a) an extension of culture time, such as by
between 36 and 72 hours; (b) a delayed or reduced apoptosis; (c) a higher viability; (d) a
slower rate of viability loss; (e) a reduced or delayed (such as by between 24 to 48 hours)
expression of an apoptotic marker, such as caspase 2, caspase 3, caspase 8 or caspase 9; (f)
an increase in integrated cell viable density (ICVD) of at least 75%, at least 100% or at
least 120%; (g) increased maximum cell concentration in culture, or an extension in
culture lifespan, or both; (h) enhanced recombinant protein expression, such as enhanced
glycoprotein such as interferon-y (IFN-y) expression, such as by about 1.8x, about 2x, or
about 2.8x; and (i) a higher viability; compared to a CHO cell in which the HSP27 and
optionally HSP70 protein(s) is or are not up-regulated.

5. A method according to any preceding claim, in which the CHO cell or ancestor
thereof is engineered to up-regulate the expression of HSP70 comprising the sequence
SEQ ID NO: 4 or a sequence having at least 90% sequence identity thereto.

6. A method according to Claim 5, in which the method comprises introducing an
expression vector capable of expressing HSP70, such as pIRES-70 (Figure 3B) or pIRES-
27/70 (Figure 3C) into the CHO cell or an ancestor thereof.

7. A method according to any preceding claim, in which the CHO cell comprises an

expression sequence capable of expressing a protein of interest, such as a glycoprotein
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such as interferon-y (IFN-y) or an antibody such as a monoclonal antibody, for example, a

humanized IgG1 monoclonal antibody against Rhesus(D)-antigen.

8. A method of expressing a recombinant protein comprising a method according to

any preceding claim and expressing a recombinant protein from the CHO cell.

9. A method according to Claim 8, in which the recombinant protein comprises a
glycoprotein such as interferon-y (IFN-y) or an antibody such as a monoclonal antibody,

for example, a humanized IgG1 monoclonal antibody against Rhesus(D)-antigen.

10. A method according to any preceding claim for providing a fed-batch culture of

Chinese Hamster Ovary (CHO) cells with extended lifespan in a bioreactor.

11. A method of enhancing expression of Interferon-y (IFN-y) or an antibody such as a
monoclonal antibody, for example, a humanized IgG1 monoclonal antibody against
Rhesus(D)-antigen, by a Chinese Hamster Ovary (CHO) cell in culture, such as by an
increase of yield of about 1.8x, about 2x, or about 2.8x, the method comprising a method

according to any of Claims 1 to 6.

12. An expression sequence selected from the group consisting of: (a) pIRES-27
(Figure 3A); (b) pIRES-70 (Figure 3B); and (c¢) pIRES-27/70 (Figure 3C).

13. A Chinese Hamster Ovary (CHO) cell or cell line, such as a CHO-IFN-y cell or

cell line, comprising an expression sequence according to Claim 12, for example such a

cell line transfected with such an expression sequence.



