Pronmoter for the Expression of Foreign Genes in Neuronal Cells The
invention relates to a pronoter for the expression of foreign genes in
neuronal cells. A pronmoter represents a regulatory starting sequence,
inportant for the gene expression, within the genone of any organism it
det erm nes mhetqﬁr . > of a gene

t akes pl ace |n s weak"
pronoters (i.e., those that brlng about the formation of numerous or |ess
nunmerous NRNA transcripts of the gene), as well as constitutive (constantly
active), inducible gi.e., those that control the transcrlptlon based on
certain condi thbgagyen ﬁ@ﬁh@%@@p@ﬁ@&rf@ﬁhﬁ?ﬁ?ﬁs&@ fereiemegned M speci fic Thyl
pronoter of the nouse was already used in nultiple ways to produce

t r ansgenineumnglecetlhat express foreign genes in their central nervous system
Such nouse strains represent inportant instrunents, in particular for

studyi ng nol ecploafotdraepafint®repiilaney sRebgangidake Wﬂlpdt’t&lﬂ&‘éﬁﬁle%@né/\e| | as for
the devel opment of these potential therapies. The nThyl pronoter is an

atypi cal RpAIDLERyiMid ﬁR‘Lgen M O Qx?;xorgbﬁlshs it g@fgﬂﬁﬁﬁg whefhef, WBw! ::?1 81b WBQ!

pronoter n narrers i n which |n eac case, short non-transl at ed

foll ows 0 La and..lb nA whi theflrst
transl at %E%%Eﬂtilﬁtra?%%ﬁo%%)fa net Sé:)c%cedhtngs gﬁr%A R}I{Nﬁ? Jﬁg? *%%he Exons 3
and 4 follow .in eac%{case se ted fromone anot addltlona
Intron (I AFORENSNE FRaK @romegtess é’q ¢ hat pripg oyl ff@?ﬁcﬁb FHETUE ¥o and
including Exon 4) is flanked by non-translated regions (5 - and 3'-UTR),
wher eby tl¢re ngmergpRgINAdranscrifieolibe gene)sisgrrdl as qonstﬁtgh@@@gnﬁwﬁmw@he

inducible (i.e., those that control the transcription based on certain conditions) and tissue-
specific promoters.

The neuron-specific Thy! promoter of the mouse was already used in multiple
ways to produce transgenic mice that express foreign genes in their central nervous
system. Such mouse strains represent important instruments, in particular for studying
molecular mechanisms of neurodegenerative diseases as well as for the development of
these potential therapies.

The mThyl promoter is an atypical promoter without TATA-box. It is composed
of two identical promoter nonamers, in which in each case, a short, non-translated Exon
follows (Exons 1a and 1b). The Intron A, which is followed by the first translated Exon
(Exon 2), is connected to Exon 1b. After that, the Exons 3 and 4 follow, in each case
separated from one another by an additional Intron (Introns B and C). This sequence
(first promoter-nonamer up to and including Exon 4) is flanked by non-translated regions

(5~ and 3’-UTR), whereby the 3°-UTR contains the poly-A-signal. It is assumed that the



2 5 -UTR the Exons la and Ib, as well as the Intron A have regul atory

-properties that can also be responsible for the neuron-specific expression

of the pronoter (E. Spanopoul ou et al 2 M. Cell. Biol. 1988; 8: 3847-3856

-and 1991; 11 (4): 2216- 2228) In addition to the neuronal expression t he

original nDte sho si on n t he t The t hynus
expr essi Osm %ltg Eéorésx Z@ V\ﬁ ’é‘f{?‘gﬁ%ﬂ ?Xﬁé@eﬁ%#ﬁ%?% 2 to
Exon 4 (H A. ah r'?and G A Evans Mol. Cell. Biol. 1986; 6 (8):

2923- 293 Blsoyge me&sl @t op fhe nefpRsPEe G ckiregsiyn Oféb%p@mter (Fn SPFRPROTIOBEL MOt er
with deletion of Exons 2-4 was and is used for control of the transgenic
expr essi @b, MoltGrll. Béolel 288 8n 384788 dnanei%d; hh{hulg16-822%pr ess the

correspondi ng transgene specifically in the neurons. Thus, for exanple,
transgeni ¢ m de additiah tethemes®nal expraation, thé pﬂginslym"lﬁhjzbj)nmnmmtzﬁdhhuwdér mrhy 1
-promoter control found in a rare congenital formof Parkinson's disease

have si MahakpR¥dbh fe ngrﬁﬁhe mrtﬁﬁﬁl@@é)@kéﬁglonlééﬁlﬂ%@te%clﬁlhbd Hyafhe%[eueﬂbfen et
al ., J Neurosm 2000; 20 (16) 6021-9; B. Sormer et al Exp Gerontol.

2000; 35 q&@g exjpt r certain
human t auﬁb%aagig% gg&lsié)go \A/l\% ﬂiﬂt[a% [E%rr ci)i? &]t : éM\Ong%}? tEhlBl? is
associ at e , J Biol Chem
2001; 2721%@@\% 8523%4?%1 %Fﬂﬁgeﬁw?ﬁé ﬁe(ﬁegm g‘b‘ﬁs ease, in which
anyl oid precursor proteins (APP, the precursor protein of the beta anyl oi d,
whi ch forms tHéedpllag lvreawtﬂrézaﬁbdqlﬁmw Expas #rd vois andis eed dar cqpirol et s) " are
expressed or over-expressed under Thy | control, are very comonly used. In
t hi s casehe tratsgemio expressionyinche gérerativasif irahsganid aﬁimzﬂ@w(eqsmsiﬂm J Neur al
Transm Suppl . 2000; 59: 175-83) and nutated anyloid can be formed from

corresponding transgene specifically in the neurons. Thus, for example, transgenic mice

that express a mutated alpha-synuclein protein under mThyl-promoter control found in a

rare congenital form of Parkinson’s disease have similar symptoms to the corresponding

patients (IH. van der Putten et al., ] Neurosci. 2000; 20 (16): 6021-9; B. Sommer et al.,

Exp Gerontol. 2000; 35 (9-10): 1389-403). Similar murine animal models exist for

certain human tauopathies, in which mutated forms of the protein Tau that is associated

with the microtubule are found (J. Gotz et al., J Biol Chem. 2001; 276 (1): 529-34).

Animal models of Alzheimer’s disease, in which amyloid precursor proteins (APP, the

precursor protein of the beta-amyloid, which forms the so-called plaque in the brains of

Alzheimer patients) are expressed or over-expressed under Thyl control, are very

commonly used. In this case, both normal amyloid (E. Masliah and E. Rockenstein, J

Neural Transm Suppl. 2000; 59: 175-83) and mutated amyloid can be formed from

known congenital forms of Alzheimer’s dementia (J. Davis et al., J Biol Chem. 2004; 279

(19): 20296-306).



known congenital forns of Alzheiner's denentia (J. Davis et al., J Biol
Chem 2004; 279 (19): 20296-306). 3 The Thyl pronoter has decisive

dr awbacks, however. The considerabl e sidze of the Thyl pronoter makes it
difficult to handle for genetic engineering works, in particular for the

i ncor por ation gf j,0r gepe. constructs..ln view of e fact that. the viral
vectors that c ﬁf‘)’édﬂfﬁ@o{}éw sy Ay harks oMY ot Irn? F%Wé‘éfé?’hq%ﬁéﬁp s can
take up only limted amunts of foreign DNA the pronpter size considerably
limts tHee ih&%p@mqt?réna@ﬁét ditfigylt tp handle for pepeticgngmecing worksl inpr orot er i s
often not strong enough to produce in the transgenic animals an expression
of the fqrasiigar fogethe inagrporate efabijer goneennsiruTiser ef ore, the obj ect accordi ng
to the invention was to nodify the known nirhyl pronoter structure, such

that a) The priamdvenf SicZactitlsat fledvicd deqoshihdt lai alsd be use] fobthegRASkiicn of
engi neering works is facilitated and the transfer of |arger foreign genes

or gene fiAQPRINE shiMdalsitan Eélé@p%n‘f)@ﬁhé&%@ amduitBELRAES DN L, thE hrolitfieSf Ry €SSi on

of this forergn DNA in the thus produced transgenic mce is Increased
o oot SN L IR OETR 1R PR RRNTEL 0, 2
out hat” e Bpove.dsoct bed oh cct San be  scheyed Ot Ll AR SRS o2 o n
gene to a desirable extent.
Therefore, the object accordi_ng {o the invention was to modify the known mThyl
promoter structure, such that
a). The promoter size is reduced such that its use for genetic engineering works is
facilitated and the transfer of larger foreign genes or gene fragments with
stable vectors is made possible, |
b) The expression of this foreign DNA in the thus produced transgenic mice is
increased significantly, and
¢) The expression of the transgene to be controlled by the promoter is carried out
in a neuron-specific manner.
1t has now turned out that the above-described object can be achieved by the
design of a promoter that is altered by genetic engineering, which contains only certain
(original of slightly altered) partial sequences of the mThyl promoter in combination
with other regulatory elements.

The invention relates to a promoter that comprises a nucleic acid sequence that is

derived from Thy—l mammals and that brings about the neuron-specific transcription of a



(original or slightly altered) partial sequences of the nirhyl pronoter in
combi nation wth other regulatory el errents The invention relates to a
promoter that conprises a nucleic aci d¥sequence that is derived from Thy-1
manmal s and that brings about the neuron-specific transcription of a 4

het er ol ogous .nucl ei ¢, aci d seguence t ] ocat ed wnward fraomthe

pr onot er%@f‘ﬂ equ cidy5eg ?‘Wercﬁ]i’)aﬁ Q@ﬁﬂﬁ‘?:; élppvgwaqeﬁigomﬁg&ém%erf Cﬁl her nor e
relates to a nucleic acid sequence that consists of the sections (a) The
mrhyl 5' 30 gy apd i egmeal cellsTr) | t he 20bp sequence that is located in
front of 5 -UTR, and the sequence of the first nonaneric pronoter that
consists of Ghaimication Gutheomorefrtlatek tng nudeic apid soquanke thad oorsisthefthe gene (b)
The sequence of the Exon | a of the nouse-Thy-1 gene (c) The sequence of the

second neeaisesi ¢ pronoter that consists of 9 nucleotides of the nmouse-Thy-1
gene (d) The sequence of the Exon 1b of the nouse-Thy-1 gene (e) The

conpl ete Or(ap%%'ﬁfhﬁeﬂu%ﬁﬁnéﬂted ﬁ%xdnm(U‘TR) Ah@boﬁﬂ‘&qﬁm&%émé/ro%atg@ﬂ? (f)
The sequence of a poly A signal he mammal - Thy- | - gene- pronot er sequence,

whi ch hybri di fﬁ?o?’ut o Vé} hUtl‘Ey apPfhd ‘é&ﬂ&ﬁcs% m&e First 98&515&:&3&0#1%?& e g%nsm(t?%f (c), A

(d), (e) and er sequence,

het er ol ogous ene S uen ranscri t he | r in a neuron-s eC|f|c
manner bgt h i e& I%’ﬁ’@ rFt‘%onS Ofetﬁe mouse- ‘%y' - gene g

(b) The sequence of the Exon 1a of the mouse-Thy-1 gene
(c¢) The sequence of the second nonameric promoter that consists of 9 nucleotides of
the mouse-Thy-1 gene
{d) The sequence of the Exon 1b of the mouse-Thy-1 gene
() The complete or partial sequence of the Intron A of the mouse-Thy-1 gene
(f) The sequence of a poly A signal
(g) The mammal-Thy-1-gene-promoter sequence, which hybridizes with the
sequence that is described under (a), (b), {(c), (d), (¢) and (f), whereby the
promoter sequence, if it is combined with a heterologous gene sequence,
transcribes the latter in a neuron-specific manner both in mammal cells and in
non-mammal cells.
The invention furthermore relates to a nucleic acid construct, comprising an
expression cassette, which contains the sections (a), (b), (c), (d), (e), (f) and (g)
characterized according to claim 2 as well as a heterologous nucleic acid sequence, which

is positioned between the sections (e) and (f) and is associated operatively with the latter.



non- manmmal cells. The invention furthernore relates to a nucleic acid

construct, conprising an expression cassette, which contains the sections
(a), (b), (c), (d), (e), (f) and (9 eharacteri zed according to claim?2 as
wel | as a heterol ogous nucl eic acid sequence, which is positioned between

the sections (e) apd,(f) and is associated operatively with the latter. 5
The © merth anertvt femhstetarsl sERf i - AREhR S it ik Re St T s
nucleic acid construct as they are disclosed according to clains 4 to 8.
The inveﬁ@W@ﬁ“ﬁ@ﬁQﬁ@§69§°§ﬁﬂi§6P B0 Ams@hto8e| | | ine that conprises the
pronoter according to claiml. The invention also relates to an isolated
cell or cell [Thaévehaen e tosagsalaied pelboreded lingdhat comgtisssabe pwsreti ng t o
claim2. In an advantageous way, this isolated cell or cell line conprises

a nucl ei acaedidg eoelsini uct with the features according to clains 3 to 8. The
invention relates to a transgeni c non-human ani mal, conprising the pronoter

according to qhaifehtion MSo tdIMENMo RANsGhiSd cE1EbBEEideqhA DhMREERE Gudleie- human
animal, conprising the nucleic acid sequence according to claim2. In this

i _ ) ) ) | k
ool b o 400 SRR AYERHT: Wlaint FCm A RRAGEN s 100 AR AR L GHIRL o @
i nvention rel.ates t@ipa@gcﬁ]oce s for e express

e .on, in neuronal and non-
neur onal ¥BPR¥ES AH° Pas C&WEP&?SWEWS?WEPF%H@F}gﬁgWgé?ﬂgn of the cells
with a vector that conprises the nucleic acid sequence according to claim2
or a nucl ei ¢ 3b¢ investien ralates to a transgenic non-human animal, comprising the promoter

according to claim 1.

The invention also relates to a transgenic non-human animal, comprising the
nucleic acid sequence according to claim 2. In this case, in an advantageous way, the
transgenic non-human animal comprises a nucleic acid construct according to one of
claims 3 to claim 8.

The invention relates to a process for gene expression in neuronal and non-
neuronal cells, which contains the transformation/transfection of the cells with a vector
that comprises the nucleic acid sequence according to claim 2 or a nucleic acid construct
according to one of claims 3 to 8.

The invention relates to advantageous configurations of this process with the
features according to claims 16 to 18.

The invention relates to the use of a vector that comprises the nucleic acid
sequence according to claim 2 or a nucleic acid construct according to one of claims 3 to

8 for the production of injection solutions, which are suitable for injection into the central

nervous system or into the cerebrospinal fluid.



according to one of clains 3 to 8 The invention relates to advantageous
configurations of this process with the features according to clains 16 to
18. The invention relates to the use of a vector that conprises the nucleic
acid sequence according to claim2 or a nucleic acid construct according to
one of clains to 8 for the production of injection solutionsg, which are
Suttabl o for ThF aREReR R PHES Bt aecion iy SuEPayS Tasstos R0 ¢ ho
cerebrospinal fluid, 6 The invention relates to the use of a vector that
conpri se§eqUsBCaAFEPEnE teclamsbei ropiiceia adid comsiyct ascerdingriongof glaimeB & ¢ aci d
construct according to one of clains 3 to 8 for the production of injection
sol ut i on$ fbothe prashciingofieiactomboldiiewridetrssting nehroasl disarddrs, such scitenkiea,

epi | epsy, Parkinson's di sease, Al zheiner's disease, Huntington's disease,

brain anghepiaNailepsy, Patliinomes digsge, ARNOPHHRedsa! Hiudingssil € 018&dsS, brdine
invention relates to the use of a vector that conprises the nucleic acid

sequenpeaﬁggﬁﬁgicgg“rrﬁmq ,%Mg@froﬁﬁ@}é@érﬁis%le?&jisq construct according to one
0

of clains 3 8 for the production of injection solutions for treating

neur ogenetic disorders, e inyventiagn relates t kit for .the.expression of
r ecombi nant gglrl?ge? ‘}rel&é%%{elg?ﬁwtaog Be %éoer%raivggto?ggf 5?1%;1 1Sceélﬂ?esnuc§:rel%%(flfl i nes
according to one of_ clai 9 to 11. .The invention reglates t )

phar mace&tqUERse acgeiking tﬁ&ﬁraﬁ@owra qyedeic agl GARRUPL acae@&%jﬁorf@etog cfajms o, The
invention also relates to a pharmaceutical agent that conprises a protein,
whi ch i s 8doutbd pindurhien pligjestien selrdonsdguisertiog aceogenistiy disprddrai m 2.

The invention relates to a kit for the expression of recombinant gene products that
comprise isolated cells or cell lines according to one of claims 9 to 11.

The invention relates to a pharmaceutical agent that comprises a promoter
according to claim 1.

The invention also relates to a pharmaceutical agent that comprises a protein,
which is coded by the nucleic acid sequence according to claim 2.

The invention furthermore relates to a pharmaceutical agent that comprises a
nucleic acid construct according to one of claims 3 to 8.

Possible methods of implementing the invention can be represented as follows:

Starting from the mThy1-expression cassette (Moechars et al. 1996, EMBO J.
15(6), 126574), which 5as an original size of about 8.2 kb and which contains an Xho I
linker instead of the mThy1 Exons 2 to 4, major deletions were put in place with the aid
of restriction endonucleases, and then minor insertions were performed, so that at the end,

a promoter cassette that was only 1.6 kb was produced.



The invention furthernore relates to a pharnmaceutical agent that conprises a
nucl ei ¢ acid construct according to one of clains 3 to 8. Possi bl e nethods
of inplenenting the invention can be rgpresented as follows: Starting from
t he nThyl -expression cassette (Mechars et al. 1996, EMBO J. 15(6),

126574), W chy s, 06T SE8a0h Ahowt oo &rkR 96 ek Shygen ot s an

Xho I linker 7ns ons naj or etions Wwere put in

pl ace wit h j f. restriction endaonucl s, .and then mngr insertions
wer e perf]gt(‘it’?egz,ggg)’tvﬁﬂ?hgﬁs ngé?fﬁf*lzea?gﬁ’%&a?@& %@&F{’@#%glp?a&s only 1.6
kb was produced. 7 Starting fromthe nThyl -expressi on cassette (Mechars et
al . 1996, mBEnddixons 250 ) contapmsangiho [inker maer dgletims gyaiaputsinteplege willbut 8. 2 kb
and which instead of the mrhyl Exons 2 to 4 contains an Xho | |inker, nmjor
del et i onshawidef pestridtivhengbmetcaststdnd thévemaiod ingértioes tverecperfonmeddonbiutlatases and
then mnor insertions were perforned, so that at the end, a pronoter

cassett e thhaid, Wpsordbiey cabs&tdthatvass qulpUldd®dvasiproduedfirst step, the nirhyl
-expression cassette was cleaved with Sma |, and thus the area adjoining

the nirhyl 5'- ﬁlé)ﬂrstg'{@p,%é ﬁ%g%ﬁgfemgﬂ?eﬁgggﬁ%?%?&% ih SPE andMBfis

produced, in ich the eGP reporter gene (co een Fl uorescent

Protein, ,which.i s.harm ess .t 1.g€ d.serves as a fluorescence- i croscopic
marker ) vbg ater Adiofa {0 mETYley Y KR opge § SRR ed o HIORE i ed by
nmeans of transfection . in _.twy_neuronal cell _|I]npes C%SH_ SY5Y and_Neuro-2A) in
pronot er RstAroRycd, i ctpch the sE  ppRpier eepe (godelona Geaptluprrecapb Bindsite was
digested with the restriction enzynes Nco |

which is harmless to mice and serves as a fluorescence-microscopic marker) was

integrated 3°-terminally from mThyl Intron A, was studied by means of transfection in
two neuronal cell lines (SH-SY5Y and Neuro-2A} in promoter activity (eGFP
expression).

In a second step, the sequence was digested with the restriction enzymes Nco I
and Nde I, by which parts of the mThy! Intron A, the control gene eGFP, the mThy! 3°-
UTR together with the mThy1 Poly A signal and the 3° flanking mThy1-sequence ranges
were removed. Instead of this, a sequence that consists of the eGFP sequence and the
“late SV40 Poly A Signal” was ligated with the reduced mThy1-promoter sequence. The
above-mentioned steps are depicted in Fig. 1, the correlation diagram mThy1-gene
sequence (A) / mThyl promoter cassette (B) / mTUB promoter cassette (C). The mThy1
part is labeled above the respective figure, and the non-mThy] part is labeled below it.

The thus produced sequence, excluding the eGFP-gene sequence, was referred to
as an mTUB-promoter (mouse Thyl Usable for Brain expression; for sequence, see Fig.

3). Also here, the functionality was confirmed by means of transfection in SH-SY5Y and



and Nde 1, by which parts of the nmrhyl Intron A the control gene eGP, the
nrhyl 3'- UTR together with the nrhyl Poly A signal and the 3' fl anking
nThyl - sequence ranges were renoved. |#stead of this, a sequence that

consi sts of the eGP sequence and the "late SV40 Pon A Signal" was |igated

with the redu mr er uence. .The ahove- ned steps are
Gept ot od ToRE ccll i gonBpF Sb e pr B RS ok RIgErE L iRe 1 “rmy)
pronoter cassette Y(hg / mTUB ronoter cassette (C). The mThyI art

| abel ed dBoventtohaf élﬁélétrpd/el fyd premotgher the gromesetsifor iy Flagelst P‘ed bel ow
it. The thus produced sequence excl udi ng the eGFP-gene sequence, was

ref er r ed GrowtlaEacior (hwen PLXAHtaed cyomegeloviys (W4XD) as shown Belwivn  expr essi on;

for sequence, see Fig. 3). Also here, the functionality was confirned by

means of trangfregibied prapertitcaybe diffedert in viedrand 2Avize| IThusrede. csintelendf t he
eGP expression in conparison to eG-P design under the control of the

unal t er eqaemmyégeaﬁe@mgn 1RbmbRE p ﬂraee&taes&en ekpﬂaggt&noﬂe%et@tre&efet yeg Gowth

Fact or (human cytorrega ovi rus as shown bel ow. Pronoter

Proper t1 el el faremste@ il ceﬁqee'éﬁé'ﬁpmé% Tyfeqys e nher ent

neur on- speci f1c P strong expr S4ToR the eGP
reporter ene Cét% nsfectbl on. of he hanst e 1 rian cell ne CHO K1
with an HVWCE T E\nf}c‘io c@hle iRe Blﬁ%teﬂé"n oail 8 pogtokergTWRar act eri ze
broadly the pronoter nifUB according to the invention, and, on the other
hand, to aseddingdo thrainyediondaphen ﬂtﬁfOtbﬁélan@ﬁPé@]tﬂe‘aﬁe@érS@quig peg of e i nvent i on
(neuron specificity), a transgenic nouse strain (nifUB- eG-P-tg) was
gener at edhbjavhacdordng teeths @svealtbiP(nencharspedificicond trahsgehic tnmisoidin (@Ot er .
Figure 4 shows fluorescence m crographics of brain sections of this nouse

eGFP-tg) was generated, which expresses eGFP under the control of the mTUB

promoter. Figure 4 shows fluorescence micrographies of brain sections of this mouse

strain, In the neurons of the transgenic mouse strain, a clear eGFP expression could be

detected. Sections through the most varied organs of the transgenic mouse strain showed

no eGFP-positive body cells except for eGFP-positive nerve cells. It can clearly be

shown that the mTUB promoter expresses the gene, which is under its control, in a

neuron-specific manner.

The mTUB-eGFP-transgenic mouse strain was generated as follows, whereby for
microinjection, the promoter-gene construct was incorporated in an insulator cassette

(egg-B-globin insulator sequences), which is to facilitate the expression and protect from

foreign regulation (plasmid pC2xINS, JSW Research).

1. Production and Preparation of the Vector for Microinjection:

e Starting plasmid = pmTUB-eGFP (JSW Research)



strain. In the neurons of the transgenic nouse strain, a clear eGP
expression could be detected. Sections through the nost varied organs of
the transgenic nouse strain showed no2eGFP-positive body cells except for
eG-P-positive nerve cells. It can clearly be shown that the mTUB pronoter
expresses the gene, which i nder its trol, in.a neuron-specific
manner. The mruUB® e@iﬁsﬁlf’aﬁ’gébﬁ?& hﬁ%i%ﬂdgﬁg%l %rwa@ra%émr%%%—mssm ows,
whereby for mcroinjection, the pronoter-gene construct was incorporated in
an insul at or cassetpstruckgg- (3- gl obi n i nsul ator sequences), which is to
facilitate the expression and protect from foreign regulation (plasmd
pC2xI NS, JSW Reseansh)B-eGFFRtagtradtihanNanh oPheledreatis;ddeoFerddnie médetupr f or

M croi nj ecti on: Starting plasm d = pnifUB- eGP (JSW Research) 9 Di gestion

with Not |, Pvu I %&M%&ragé)n{%b@ifmgﬁgmﬁshe pronoter-insert construct
nrUB- eGFP construct has t I- or Nde I'-ends; Nde I-end is made up wth

pol ynerase | Klenow fra nts-..1n Q ion_of the mIUB-eGEP construct in
Phe’ i nsul ator vt oporBEaRRE on BB UGTE B e i R i oot *
Sequencing of the clgning transitipns epoval of the vector sequences (pKO
Backbone) and |ine& %%‘Q‘t]ggﬁﬁ BroPeR WlthggFgoﬁfoElﬁﬁbB-eG:P-i nsul at or construct
with Mul, Gel elution of the linear construct "insul ator-mrUB-eG-P
i nsul ator™ s Sequencing of the cloning transitions

s Removal of the vector sequences (pKO Backbone) and linearization of the

insulator-mTUB-eGFP-insulator construct with Mlu [,

e QGel elution of the linear construct “insulator-mTUR-eGFP insulator”

(7280 bp)

2. Microinjection of the Linear Construct

For the microinjection, the linear insulator-mTUB-eGFP-insulator construct
was isolated from a 0.8% TAE-agarose gel without ethidium bromide,
purified and diluted with microinjection buffer to the extent that 1000 DNA
molecules were present per injection volume. The injection was carried out

~according to standard protocol (Brem et al., 1985). To this end, 3-week-old
hormone-treated female CB6F1 mice were paired with C57 EL/é males in the
preliminary area. The resulting fertilized CB6F1 (B6) oocytes were removed
and cultivated until two clear pronuclei were visible. The purified DNA
construct was then injected into the pronucleus, followed by an overnight

cultivation until the two-cell stage was achieved. The two-cell embryos were



(7280 bp) 2. Mcroinjection of the Linear Construct For the m croinjection,
the linear insulator-nTUB-eGFP-insul ator construct .was isolated froma 0.8%
TAE- agar ose gel w thout ethidium brom He, purified and diluted with

m croinj ection buffer to the extent that 1000 DNA nol ecul es were present

per injection volune. The .i.njection was rried o or di .st andard

Dt oot ¢ b o clrellRinp kR i S0 Dol GRELINES, Mer 13500008 e bty o

femal e CB6F1 nmice were paired with C57BL/6 nmales in the relimnary area.
p p y

The resul ting fePfi&i%®&d CB6F1 (B6) oocytes were renmoved and cul tivated
until two clear pronuclei were visible. The purified DNA construct was then
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born. The control gene eGFP was used to be able to characterize pronoter
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eGP gene can bé replaced by any other gene that is to be expressed in a
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in the sequence:
1-222: 3’-Part of the mThy1 5’-UTR
223-291: 1. Nonameric mThyl promoter and flanking regions
292 ~345:  mThyl Exon la -
537—-545: 2. Nonameric mThyl promoter
592 -733:  mThyl Exon 1b
346 —1378:  5’-Part of mThyl-Intron A
1379 — 1392: Polylinker I
1393 —2112: Control genc eGFP (not part of the disclosure)
The coding sequence, which extends from nucleotide 1393 to
2112, stands for the reporter gene eGFP, which is not part of the
disclosure. The late SV40 poly A sequence, which can be replaced
by any other poly A sequence, follows the reporter gene sequence.

2113 -2130: Polylinker I

2131 —2350: Late SV40 Poly A signal
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291: 1. Nonameric nThyl pronoter and flanking regions 292 - 345:
Exon | a 537 - 545: 2. Nonaneric nirhyl pronoter 592 - 733: nirhyl
|b 346 - 1378: 5'-Part of nirhyl-IntronlA 1379 - 1392: Polylinker |
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m1TUB-eGFP mThy1-eGFP hPDGF-eGFP CMV-eGFP
(TE-MFI) (TE / MFT) (TE / MFI) (TE / MFT)
SH-SYS5Y 5%/ 13 Not 0.2%/16 10% /110
Measurable/Not
Measurable
Neuro-2A 79% /293 9% /25 52% /46 86% /201

Thus, the mTUB promoter in both neuronal cell lines is far superior to the mThyl
promoter both with respect to the transfection efficiency and the expression intensity. In
SH-SYS5Y cells, mTUB achieves 25 x-higher transfection efficiency than the hPDGF
promoter with approximately the same average signal intensity, and in neuro-2A cells,
mTUB achieves 1.5 x-higher transfeétion efficiency than the hPDGF promoter in the case
of approximately 6 x average signal intensity. The transfection efficiency is comparable
to that of the CMV promoter in the case of clearly higher average signal intensity (in
Neuro-2A).

In Fig. 4, fluorescence-microscopic images of sections of the brain of the
transgenic mouse strain mTUB-eGI'P-tg are shown in comparison to the corresponding

non-transgenic strain C57B16 ntg. In the brain sections, the eGFP-expressing neurons of



mMrUB- eGFP nirhyl - eGFP hPDGF- eGFP CW-eG-P  (TE-MFI) (TE / MFI) (TE / MFI) (TE
[ MFlI) SH SY5Y 5%/ 13 Not 0.2% 16 10% 110 Measur abl e/ Not Measur abl e
Neur o- 2A 79%/ 293 9%/ 25 52%/ 46 86% / 201 Thus, the nTUB pronoter in
bot h neuronal cell lines is far superior to the nThyl pronoter both with
respect to the transfection efficien nd the expression-pntensity. In

S Sysy JF aesit ol s et QUi el R ER SRR POFRISREY e fan ¢ he
hPDG- pronoter, w t&gappr oxi mately the sane average signal intensity, and in
neur o- 2A bEaN pection o e NORHTAFEIQ MUSE. hj gher transfection effici ency than the
hPDGF pronoter in the case of approximately 6 x average signal intensity.
The transfection efficiency is conparable to that of the CW pronoter in
the case of clearly higher average signal intensity (in Neuro-2A). In Fig.
4, fluorescence-m croscopic i mages of sections of the brain of the

transgeni ¢ nouse strain mMfUB-eG-P-tg are shown in conparison to the
corresponding non-transgenic strain C57BI6 ntg. In the brain sections, the
eG-P- expressi ng neurons of 12 the transgenic nouse are discerned quite
clearly in conparison to the eG-P-negative brain section of the
non-transgeni c nouse. 13 C ai ns:



1. Pronoter that conprises a nucleic acid sequence that is derived from
Thy-1 mammal s and that brings about the neuron-specific transcription of a
het er ol ogous nucl ei ¢ acid sequence that® is located 3'- downward fromthe
pronmoter both in mammal and in non-manmal cells. 2. Nucleic acid sequence
that consists of the sections (a) Thelnihyl 5'-"untransl ated regi on" (UTR),
‘the 20bp sequence that is located in #P¥nt of 5 -UTR and the sequence of
the first nonameric pronoter that consists of 9 nucleotides and fl anking
regi ons of the nouse-Thy-1- gene (b) The sequence of the Exon |a of the
mouse- Thy-1 gene (c) The sequence of the second nonaneric pronoter that
consi sts of 9 lnuBtoputi¢rdbat compris¢rea puslcie adil yequegesibat id defiveal Kemddyeke of t he
Exon 1b of the nouse-Thy-1 gene (e) The conplete or partial sequence of the
Intron A of the nimsedsiing thatdeings abdyt tHeusansieoife teinsaipionyfA si gnal ( Q)
The manmal - Thy-| - gene- pronot er sequence, which hybridizes wth the sequence

that is descri beﬂet%ﬁf‘g'bué Adoleit lahd sb§uencd ffl}at 1s(l@t)ate@r§j dbwmwiaatsRhd he

pronot er sequence, I's conbined with a heterol 0ogous gene sequence,

transcribes the éﬁ%ﬁo%ffoﬂkﬁlgﬁﬁﬂﬁi%w%pwoﬁ %llnd%lj both in mammal cells and

in non-nannal Sl C agid cOonstTuc conpr|5|ng an expression

caeselle, whi o SOLAINE Lhce SSELL S0E (B Wlinf O (). (9). (1) and (9

(a) The mThyl 5’-“untranslated region” (UTR), the 20bp sequence that is located in
front of 5°-UTR, and the sequence of the first nonameric promoter that consists of
9 nucleotides and flanking regions of the mouse-Thy-1- gene

(b) The sequence of the Exon 1a of the mouse-Thy-1 gene

(¢) The sequence of the second nonameric promoter that consists of 9 nucleotides of
the mouse-Thy-1 gene

(d) The sequence of the Exon 1b of the mouse-Thy-1 gene

() The complete or partial sequence of the Intron A of the mouse-Thy-1 gene

(f) The sequence of a poly A signal

(g) The mammal-Thy-1-gene-promoter sequence, which hybridizes with the
sequence that is described under (a), (b), (¢), (d), (¢) and (f), whereby the
promoter sequence, if it is combined with a heterologous gene sequence,
transcribes the latter in a neuron-specific manner both in mammal cells and in
non-mammal cells.

3. Nucleic acid construct, comprising an expression cassette, which contains the

sections (a), (b), (c), (d), {(e), (f) and (g) that are characterized according to



claim?2 as well as a heterologous nucleic acid sequence that is positioned
bet ween the sections (e) and (f) and is associ ated operatively wth the
latter. 4. Nucleic acid construct accdfdi ng to claim 3, wherein the section
(g) is a therapeutic gene sequence. 5. Nucleic acid construct that

o P asm d. 6. niord 2eaerl SRR a0Tr Rl USRS e the
het er ol ogous nucleic acid _sequenciibet ween the sections (i‘% and (f) codes

for a protein. 70etieRN Be sechionsi(c and f aed Ispmspciaieshoncraibslawith thedattgng a

nucl eic acid nolecule wth the nucleic acid sequence according to claim 2.
8. Nucl ei ¢ achd Newsicpoidtconsttust a¢avgding tactlaiinnd , Avhenpiatied sectipe(gldctor is a
virus or is derived froma virus. 9. Isolated cell or cell line that

conpri ses the prthempatticaraesejuwgedt o claim 1. 10. Isolated cell or cell line
that conprises the nucleic acid sequence according to claim2. 11. Isolated

cell or cell ki Wuélﬁ@tacﬁ%ﬁé&&?ﬁla@cﬁﬂgﬂis@s theaficRiCAS bddiehoAleoiadligng to one
of clainmse 3 to 8. 12. Transgeni ¢ non-human ani mal that conprises the

pronot er accor di&%n{ﬁ)agé%&_ﬁéﬁm&@aplggrﬁ{a§geni c non-human ani mal that

conpri ses the nucleic aci equence” according to claim2. 14. Transgenic

non- human ani g‘al rises a nucl

Nt&cqgitc agi%%nstruc according ?ol cﬁai%{:.ﬁ,dwl‘?egcglﬁttﬁeuﬁéterolo gous nucleic

acid sequence between the sections (e) and (f) codes for a protein.

7. Nucleic acid construct that comprises a vector and a nucleic acid molecule
with the nucleic acid sequence according to claim 2.

8. Nucleic acid construct according to claim 7, wherein the vector is a virus or is
derived from a virus.

9. Isolated cell or cell line that comprises the promoter according to claim 1.

10. Isolated cell or cell line that comprises the nucleic acid sequence according to
claim 2.

11. Isolated celi or cell line that comprises a nucleic acid construct according to
one of claims 3 to 8.

12. Transgenic non-human animal that comprises the promoter according to claim
1.

13. Transgenic non-human animal that comprises the nucleic acid sequence
according to claim 2.

14. Transgenic non-human anhnal that comprises a nucleic acid construct

according to one of claims 3 to claim 8.



according to one of clains 3 to claim8. 15 15. Process for gene expression
i n neuronal and non-neuronal cells, which contains the
transformation/transfection of the cells with a vector that conprises the
nucl ei ¢ aci d sequence according to claim2 or a nucleic acid construct

according to gge%Pf c&ains 3.to0 8. 16. Prores accordg?glgo gl im15,

wher ei n the vedt P F5rot§a° GERE T PRIGEra) d1¢ ey Mt Re's> B F@meri c carrier
substance. 17. Process_according . to claim 16, wherein a cationic polyner
and/or a lipid i%onw(”&‘?@?t@%famé%mé‘%f?@ﬁ mion & the pelissvith apeeian®al 18, Process
according to claim 16, wherein polyethylenimne is used as a polyneric
carrier substancempdes theamgleicaojdiaquenceraaeordmgpe cken 2tdia rmqhalice&mig aci d
sequence according to claim2 or a nucleic acid construct according to one
of clainms 3 to 8cdnetrudthecqrdinguc bhoof claiinsi3njoect i on sol uti ons, which are
suitable for injection into the central nervous systemor into the

cer ebrospi nal 1ki prébes adbrdidp Qo i 13 S8h&Qbintthetbe AR ih3Q2né HendpbRliei ¢ acid
sequence according to claim?2 or a nucleic acid construct according to one

of claims 3 to Bd)gﬁ&iﬂﬁag&%#ﬁyc%er Qlbslapiection solutions for treating
S°Ss

neuronal disorders, suc roke, '1schema, epilepsy, Parkinson's
Er aum,  and anyorPERA LT GPe!a FA0R 1By BEREn AEpopg dobrs RRTBUPIAL
conprises the nucleic acid sequence according to claim 2

(are) used as a polymeric carrier substance.

18. Process according to claim 16, wherein polyethylenimine is used as a
polymeric carrier substance.

19. Use of a vector that comprises the nucleic acid sequence according to claim 2
or a nucleic acid construct according to one of claims 3 to 8 for the production
of injection solutions, which are suitable for injection into the central nervous
system or into the cerebrospinal liquid.

20. Use of a vector that comprises the nucleic acid sequence according to claim 2
or a nucleic acid construct according to one of claims 3 to 8 for the production
of injection solutions for treating neuronal disorders, such as stroke, ischemia,
epilepsy, Parkinson’s disease, Alzheimer’s disease, Huntington’s disease,
brain and spinal cord trauma, and amyotrophic lateral sclerosis.

21. Use of a vector that comprises the nucleic acid sequence according to claim 2

or a nucleic acid construct according to one of claims 3 to 8 for the production

of injection solutions for treating neurogenetic disorders.



or a nucleic acid construct according to one of clains 3 to 8 for the
production of injection solutions for treating neurogcnetic disorders. 16
22. Kit for the expression of reconbindft gene products that conprise
isolated cells or cell lines according to one of clains 9 to 11. 23.

Phar maceuti cal ni, that conprises a.pronoter according to. claiml. 24.

Phar maceut i cal Zﬁgéhﬁm MRS Piozé‘%coﬁl | &g pr CETF?‘FTSC%E‘BH@GI %he nucleic
aci d sequence according to claim?2. 25. Pharmaceutical agent that conprises
a nucleic acid ceads pneell lines apagrdige twonsd clams 1tailhs 3 to 8.

23. Pharmaceutical agent that comprises a promoter according to claim 1.

24. Pharmaceutical agent that comprises a protein, which is coded by the nucleic
acid sequence according to claim 2.

25. Pharmaceutical agent that comprises a nucleic acid construct according to one

of claims 3 to 8.



