CONDI TI ON AFFECTI NG CELLS OR PROGENI TOR CELLS Field of

i nvention The presen Elon relates to use of substances that upon

adm nistration to a patlgﬁv)mnll | ead to increased concentrations of growh
hormone for the produc5 tion of nedicinal products. The present invention
also relates to a nethod for treatnent of jabnormal conditions affecting
neural stemcells orlmwmﬂmmﬂ|mm el I's. 10 Background of the invention The
result of traumatic, poxi c, ischem c, toxic) infectious,
degenerative or netabolicadsrseul ts to the central nervous system (CMS) of
man may i nvolve a certain degree of danage |n several dlfferent ceII types
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cells or progenitor cells.

10 Backaround of the invention
The result of traumatic, asfyxial, hypoxic, ische-

mic, toxic, infectious, degenerative or metabolic insults
to the central nervous system (CNS) of man may involve a
certain degree of damage in several different cell types.

15 Damage to the brain by trauma, asphyxia, toxins, ischemia
or infections are frequently causing neurological and
cognitive deficits. Degenerative diseases may cause loss
of specific populations of cells. For instance Parkin-
son’s disease is associated by specific loss of

20 dopaminergic neurons in the Substantia nigra, similarly,
multiple sclerosis 1s associated with loss of myelin and
oligodendrocytes. Other examples of degenerative disor-
ders caused by selective loss of a specialized type of
neurons is Alzheimer’s disease associated with loss of

25 cholinergic neurons. There are many other instances in
which CNS injury or disease can cause damage to oligoden-
droglia, astroglia or neuronal cells.

Furthermore, axonal regeneration and sprouting after

injury to axons in the CNS white mater tracts and injury

30 to the spinal cord has been shown to be inhibited by sur-
face molecules expressed by oligodendrocytes.



~ 9 JUN 2003 2 Progenitor cells have been grown and propagated with %romﬁh
factors like epidermal growth factor (EGF), which is a substance bel bhglhdill
to a different class than GH In general, replacenent of neurons follow ng
degen5 eration or damage is not a characteristic of the manmalian brain.
Neuronal |oss is thus considered permanent. Prol onged postnatal

neur ogenesi s has been described in the granule cell |ayer of the
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CaV|ness V. S. jrProgentsmp N@&&elhazglbe¢m39r2@n(@@ﬁspr0@@@@é@d wath
Privat, QEPH@Eh $actand g@%EtepEdergﬁi g@%%&?? ctdr 584382
Eckenhoff M Raki ¢ Neur osci .~ 8: 729 2747(198 )) .

Neur ogenesi s 18 ﬁa§ubéééﬁﬁﬁybﬁé@ﬁgéﬁﬁmﬁoté pdfdiesentelalass ¢ eduGFhood in

man (Eriksson, P.Syp QQEEkBHeVéepEéeeﬂ%ﬁfkoErhE&%@&s ¥oa16ma@@ndeﬁgn-
Nor dborg, C., Peterson, r onal

Nat ur e )
progeni t o cePFetigy g& gﬁmﬁﬁé %gbﬁPEnﬁISPaféﬁéegééif ﬁgl “gyrus
where 20 theylaﬂnbrauﬁusNyuabﬁbufEbabelsntguateommh@e&h@.@mammh@atcel

| ayer and differ ntlate i_n nule_cells nson-,Anson,

ané Gage, F%g g nﬂ@urBSC| gg? 585§9§8§§5% g@f g@&ﬁbp%ﬁcﬁi% dAl\Iﬂl)olle

C.S., NtEmen)tEESQIaandeGDaﬂd lgyerNefir bbei bipposempad 7 f34natioa3)(A125

Seki, T. and ALg |,JY ' avd ngrogcb 13J 2éé%P23§%U&%%93??4 T@g§e3@ wbor n
e

neurons in the granule cel ayer éxpress mafkers of di renti at ed neurons
and have Lfor phd 6§?¢aﬁléméﬂacﬂerﬁ§ﬂl 8s¢ofr PspdRGIG ©234di PO0SBeRi0dt ed

granul ae Ce||$1égapla&avwh§ssand F@"grD Hy.. éom the3@o10S Gisg 411é43301441
(1984); Camer Wol | ey Mc Ewen, ._and _Goul d,

Neur osci ence 2%97%§7 §HEDFT993 "CﬁﬁéYBH fi- A DrﬂH@FPef cagd C&HHthuld
E., Brain ResL. Blmev34&e346st1993))34Eussheuaaae Eawenestrall Msir. axanal

processes i ntg.{he ”BSSny'RS&BS‘E%X(399255%92‘7m&§§%29t' Get2guentiaus

wth their tar ﬁ?s i nhi urosci .
13: 23512358 bqgggycestAbe@Ed spoRn badrFreéet weEl Exgo Bdailshoodl 9nJ U N

2003 3 Res. Zaan39§rﬁﬂéseﬁ988)k TﬁérhiPP@Qé”DES | §@3RAeakRdW, t B Spatia
| earni ng and and_Skel t on, Gv Brain Res. Rev. 18:

33- 49 (1993))'7£‘Hf %prélvf§9§3?8ﬁ90%cproﬁ%EFFSPnceF1§ caﬁa@€'|ﬁ¥ﬁuen§€d by 5
t he adm ni st rairenMell. nifnepbgksil: aspardnse bNN@Ahlt@&eﬁEQﬂsaﬁE&gdﬁlShs or

by the renov f _the_adrenal _glan r nd Gould, ., E
Neuroscienceaéqg §B§9§5§UET§95??eCg%%%gﬁgEHgﬁé, aﬁg%gtgygys ﬁ&rEDuld) E.,
Neur osci @fce @Qey3d9n35nu@m998)proriésrabEtymﬁsrae@ucadomtmh g@anndpeasi ng

age, and recegt:stugdies Qa&ed99999§££§£€9 {ARb Brahbher akhan qkuﬂhogen'tor
cells also is_decreased but_not conpletely abol rshed wi_th_age

Di cki nsonAnsan; + HP1ckhBsengansenH. §- 5. @aR&uFgger . F18- 2527Nf@§§ EiQQéf)
Stemcells |sm¢27ezoﬁsomnshe ) adabmerodent . Br ai Wod3 legs esent Meekean

transplanted gngo tgﬁﬁbﬁgh?dOf aduké%ggﬁgggﬁcghg e EEgyBQ|fnq@%gilate into

cells with neuronal "characitefisfics onen et érson Ray, J.
And Gagez5SF. Hekhat Gr eaB883A824, 627, (JQQB??IOEQnthéBnoQéSln@@ﬁ@geneS|s in

the dentate 9Y19§35?829h¥QHHHeWBSEnhﬁ§uP8ﬁQ show el %r%%uﬁ%@' htag gdeby

enri ched environnen hat exgosure td enriched envifonnents
| eads to an i PEPERSEdTALKBEF 6f SLfLPYERELIAERAY PESRRBE GranieYEe PeKT

neurons and a@hbnégﬂéaﬁdch@kéht@ﬂﬂ@@ic@fCBEHEQE&nﬁﬂn@thd@ﬂEQ%QeﬂiﬁUS
Eigg%er;mnn C%éd2gr§gugée Ce?lé ? ?alqe M.S. and Be %8?1 4%3
30 rosci. 4: 1429-1441 (1984); Cameron, H.A., Woolley, C.S.,
McEwen, B.S. and Gould, E. Neuroscience 56: 337-344
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lish axonal processes into the mossy fiber pathway and
35 form synaptic connections with their targets in hippocam-
pus CA3 (Seki, T. and Arai, ¥., J. Neurosci. 13: 2351-
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Summarv of the invention It has now been found that by using growth {g jyN 2003
‘hornone, 30 or' an anal ogue thereof, or another substance |eading to -

i ncreased concentrations of growt h hornone or anal ogues thereof, it is

possi ble to nodul ate the proliferation and/or differentiation of neur al
stemcells and progenitor cells fromthe adult CNS. The present invention
thus 35 provides new possibilities to treat injuries to or diseases of the
central nervous systemthat predomnantly affect oligodendroglia, astreglia
or neuronal cells by 19 JUN Z003 n modi f3 cat i on of proliferation cell

genesi s and/ ok di f fer.entdeatiygn ggggget}lr o%le sk phOr ProagenipeLel | s
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Furthermore, neurogenesis in the dentate gyrus in
20 vyoung mice has been shown to be facilitated by enriched
environments. It was shown that exposure to enriched en-
vironments leads to an increased number of surviving
newly formed granulae cell neurons and an increased total
number of neurons in the dentate gyrus (Kempermann, G.,
25 Kuhn, H. G., and Gage, F. H., Nature 386: 493-495
{1997)) .

Summary_of the invention

It has now been found that by using growth hormone,
30 or an analogue thereof, or another substance leading to
increased concentrations of growth hormone or analogues
thereof, it is possible to modulate the proliferation
and/or differentiation of neural stem cells and progeni-
tor cells from the adult CNS. The present invention thus
35 provides new possibilities to treat injuries to or dis-
eases of the central nervous system that predominantly

affect oligodendroglia, astroglia or neuronal cells by



1 9 JUN 2003 5 tionally equival ent anal ogue thereof for the producti ohgqfnag;
hedi ci nal product for treatnent of an abnormal condition affecting stem
cells, progenitor cells and/or cells derived fromstemcells or progenitor
cells, as 5 well as to a nethod of reducing the genesis of

ol i godendrocytes, neurons, astroglial cells fromprogenitor Cells or stem
cells in, or derived from the central or periferal nervous systemin a
patient, wherein a pharmaceutically effeclive amount of a substance that
will-lead to a 10 decreased concentration of growh hornone or a

functional Iy ®eei vateptoangt ogia@nhef@@iozi: Scé&gm @éﬁé@i edahg/sai dipasient.
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of GHin the(gg%%ent to induce proliferation and/or differentiation of stem

cells with a Dnitant increase in cell genesis. Finally it was found
that it is possiblBh¢ oinveatioeuwbdo |osisatsed fiery e edtlerd af @GNS resuhentby

increasing ther 10, nigherof SL851 CELA Sa P M AYPNLQF s fleLL ¥Rd-C1 LS 1 ncl ud
and/or progenitor cells, wherein a pharmaceutically ac-
20 tive amount of a substance that will lead to an increased
concentration of growth hormone or a functionally equiva-
lent analogue thereof is administered to a patient.

Furthermore, the invention relates to a method of
inducing lineage determination, propagating and/or induc-

25 ing or maintaining the genesis of neurons, oligodendro-
cytes, astroglial cells from progenitor cells, stem cells
and/or cells derived from said cells by administration of
an effective amount of growth hormone or a functionally
eguivalent analogue thereof to stem cells, progenitor

30 cells, neurons astroglial cells and/or oligodendrocytes
in vitro.

Another aspect of the invention relates to abnormal
conditions in the CNS due to too high concentrations of
growth hormone in the CNS.

35 The invention thus also relates to the use of a sub-
stance that upon administration to a patient will lead to

a decreased concentration of growth hormone or a func-



i ng neurons and/or astroglial cells and/or oligodendrocytes in a patient by
increasing the concentration of GHin the patient to induce proliferqufunzmn
and/or differentiation of stemcells with a concomtant increase in cell 15
genesis in order to facilitate the isolation through surgical renoval of
smal | sanples of brain tissue containing said cells for further expansion

in vitro and concomtant re-transplantation into the patient. Thus, the
present invention relates to the use of q%ZO substance that upon
admnistration to a patient will lead to an increased concentration of

growt h hor nons; 017 0f ﬁhﬁﬂ@i&%%ﬁmgﬁfé tHfe dher pF Odbiet h 88A0E L Bon

medi ci nal product for treatnent _ of an abnormal condition affectjng neural
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anal ogue t hersofstmy aelg.s e gramdetiorrigdn seilfe erntrdlnet i pralfy
equival ent ana-b AQNe.d WRe0ln 06, tefMerdincilangld va Gau gl cole anal ogue
thereof" relates to all substances that upon admnistrati'on to a_patient
will have essenthnmlgffadtd wnmneist &fi @ sUbFtANO Rt H 1 khdlead to a
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m nmetic. is.also possible to use a conpo at_upon admnistrafion to
n pati ent wi 131 5N VPG T Rl S G SHERI & S BT S S0 OFS BREA of §
a natural ocqatierg: .GH anal ogue or its nediators in the CNS of the patient,
e.g. by giving ri t i ; rel of 0 quig For anpl e,
positively regul atsll%neg }?arrl}(ﬂdr}:gé%f%ﬁ% ‘n%ao&f .r?afsr{gqeeqﬁlse : 1?52:% vglslfﬁaee GH
rel easi ng sulstidaiet grem HHeor foheowiglse deisey ipdpidrieand {lgRp)remded

anal ogousst hereofms The nedi ci nal product according to the invention
preferably conprises the active substance in a pharnacol ogi cally accept abl e
carrier or diluent such as those known in the art. 15 The nedi ci nal product
or the substance used apeoxiiad desthiptiinvenit orthésiprefietabl y adm ni stered
via intravenous petlf inf usi - Laql -gmﬁﬁyl Subgut aneous
injection into jthgirr_lpeaﬁag‘lrﬂaﬁl'ql#?i%gélqéo\%%%g%ﬁj to ac;g’l‘[r?]alq{st er tl’eagrl%di ci nal
product or tHeigrarite il iy tte |9enRnatee eyt de Rt al Big gieal |y

i nsert edyghunie ittt GBI MEN! NG felirdrite Rl | Bl rodT S{BTE@b] Y5 the
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of neurons afy$H Pu @Y sing fraPeFe GlomiY <t IX the Wip-

pocampus 1s associated with improvement in learning and

memory. These findings lead to the insight that it is
possible to manipulate neurological deficits, such as
30 memory and learning deficits, in patients by manipulating
the amount of GH present in the environment surrounding
the cells.
It was thus found that it is possible to treat a CNS
damage or deficit after an insult by increasing the num-
35 Dber of stem cells or progenitor derived cells including

neurons, astroglial cells and oligodendrocytes.



35 dendroglial or glial cell loss in the CNS or PNS (perif-eral nervéu%JUN 20
systen) or to prevent the normal age related deterioration in the CNS or

PNS, the termalso relates to 1 9 JUN 2003 the cultivation of stem or
progenitor cells for concomtant transplantation to the CNS or PNS in
patients. The treatnment may either be perfornmed in an acute or in a chronic
way. 5 As stated above the pharmaceutically active substance used accordi ng
to the invention is suitable for treatnmerg of abnormal conditions affecting
neural stemcells, progenitor cells and/or cells derived fromneural stem
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concent r a0i orsudfs tgrmst It Hadr mpoa adminfighceicopal (b equatal et vdnadl dagead

thereof. 10 G@PWH shpnmne.y %n%efxﬁ%ftaeaabky g%utwa'mm@r@' QQue, g hey eof

may be used alone or in junction wt di canents or growh factors
such as epi déﬂ?&logg#eo\&h@l’ﬁé)@t'orfo(rE@)e BF’OfiPBFél?Inasth g?rdwdwlqldetlorprzﬁd(wc@z)

designed to induER Y treRitmedRNRF Sir0kbRbehafiecdiditidh affecting neu-

ral stem cells, progenitor cells and/or cells derived

25 from neural stem cells or progenitor cells, as well as to
a method for treatment of an abnormal condition affecting
neural stem cells, progenitor cells and/or cells derived
from neural stem cells or progenitor cells, wherein a
pharmaceutically active amount of a substance that will

30 lead to an increased concentration of growth hormone is
administered to a patient.

The substance that will lead to an increased concen-
tration of growth hormone or analogue thereof may e.g. be
growth hormone itself, or a functionally equivalent ana-

35 logue thereof. The term ”functionally equivalent analogue
thereof” relates to all substances that upon administra-
tion to a patient will have essentially the same biologi-



15 the CNS or PNS. Growth hornone, or a functionally equival ent anal 3@@“"‘ 7003
thereof, alone or in conjunction with other nedi canents, peptides,

growt hfactors, steroids, |ipids, glycosylated proteins or peptides, either

si mul t aneous or in sequence, nmay be used in order to facilitate cell 20
genesis or the generation of specific cell types in vivo or in vitro. It

may al so be used to induce immture, or nultipotent cells to active

speci fic devel opmental prograns as well as specific genes in the
aforenentioned cells. 25 By the above nentioned cell genesis is neant the
generation otaﬂlewmlepﬂ'mmucheuaacnaéuecﬁrﬁscol legod@hdrimit esn sotalese meyand

astroglial I I S E?ﬁg@o%%%%%%nb%@' bgt R oqecnl tsor 1%ro ﬁ:oes@ﬁﬁl s thin

the adul t CN Vitro hernDre entlon a so
relates to theet ae cappating amtoﬁpsvubgdaln@wttrmuqj?sctroe@s@atth@ramdtl of

active GH or ngtutally t%%w 3@9}5@@@' Q904 O (H drt e patderly anpd Jehus

decr ease the genesi s _of endrocytes in patients with axvnal or spinal
cord inj ury. 2ERARPTES %Céff ré@@hc"s‘luﬁﬁta&ﬁ@é@ &fe ey Maiatpaseddl &tieng

bi ndi ng pr ot eiyas ofGﬁhfee@%Etl@htameagonb?t gavqrﬂgg&lcge aty i dirRs eRlsegonpounds
or peptides. Aéar al eg ger ation ag J1 U .N.20Q3 10 cord

i nj uxy have BE RESFoRE £HIRESPRNED Fed ¥ E%ﬁ¥ﬁﬁr?rnﬂQﬁﬁH¥¥? dxpr88sed by

ol i godendr OcyheingF%ﬁhﬁﬁh@Drp&otéfmgsoﬁrGHntﬂabOd:ieeSJE(Hd CamabuREs thle GH

pepti des, th%t incr.ease en (r“(ji enous E’EBHC‘ S, oetaesl ns tha %\? rease the
5 bi ol ogi cal *SeEPVITY 5FO8NG &?ng g Sﬁ glnso ention will
be nore ¥l | yGHRer shdodnwfiegoneathrgetlie follomﬁng exanple It shoul d not,
however, be consi ‘fﬂgée%eh?chhg‘lt tBBuSEO 8c8% LRV Rl Qe Q s ef

descr~tion of the draw ngs e exarrp reference 1s nmade to the
appended dr aRFRESTER LW CORPTYHESES $h§h6ﬂ§1Vﬁea&aﬁﬁquanﬂnB@d@h@6§ﬁppve cells

after 7 daysibgithelgeatakpraylescakri¥pophyseqteitzeddd sdHhosat s treat ed
according to the |nven¥|on th growth hornone (GH), together with corti sol

(O, and L-tKYPR A& £ ared to hypophysectom zed rats treated with
only C ard T, andThe medmntna[l grodpthOrthe 2udlstasicehatsednierabsdtr eat ed

with cortisopg Egyt5QX| gengPﬁH QQEQ& 1%%;?ﬂ@€§¥€d”& hag

S|gn|f|cantly re granu ae ce neu ons t an hyp ysectonlz ani nal s
treated withtsaVeness: Pesadeand LRFREXPRe o andaits agmissi leke orastubBr dU 25

i njection theuh&a@angsgﬁ e&taaﬂ aﬁtaatﬁergclén&how& tikata 120l PRlkssiwhkh
i ncreased nupber rding to the invention (O ,perforned

D g acc$ %
significantly béFWéF1§ﬁthé ﬁl@&gﬁﬁFBF oPRPPEES S Fhe REARERSEYrdZe t ask,
used to 30 asséldy spatival spestanmanckyotfanaa scartircal 1gr duefted.

shunt into a cerebral ventricle of the patient.
Preferably, the administered subcutaneocus dosage

range of the pharmaceutically active substance is about

0.01-1 IE/kg body weight of the patient per week.

25 The term “patient”, as used herein, relates to any
human or non-human mammal in need of treatment according
to the invention.

The term "treatment” used herein relates to both
treatment in order to cure or alleviate a disease or a

30 condition, and to treatment in order to prevent the de-
velopment of a disease or a condition. The term treatment
also refer to the affecting of cell genesis from stem
cells or progenitor cells, by inducing the genesis of
neurons and/or glial cells after either neuronal, oligo-

35 dendroglial or glial cell loss in the CNS or PNS (perif-
eral nexrvous system) or to prevent the normal age related
deterioration in the CNS or PNS, the term also relates to



Exanples In this exanple, the density of BrdU-positive cells 35 in t]feJUN 2003
dent ate gyrus of hypophysectom zed (Hx) rats treated according to the
invention with growth hornone (GH), cortisol (C, and L-thyroxine (T) was
conpared to 1 9 JUN 20Q? 11 the density of BrdU-positive cells in the
dentate gyrus of hypophysectom zed rats treated with cortisol (C, and
L-thyroxine (T)) and to the density of the sane cells for an untreated
unoperated control group. 5 Fisher rats (Harlan Sprague Daw ey) which were
i ntact or hypophysectom zed at 50 days of age were naintai ned under
staﬂdﬁrszed @ﬁ%dbhﬂﬁmﬁaaﬁoheﬁﬁeéaémr6r(§43§ﬁhltohUﬁEd3@¥f@ﬁOCQ&d@mﬂHm

W t i ghts on between 0 1900 a ree_acce

st andard IaboFﬁPBr§réﬁﬁﬁiﬁﬁaa§éPErg ngﬁ0%§g PFegﬁﬁeﬁp EF&Ft@% %%mhays

after hypophyseetomgntAkdyt bethgpopkypectortmedd inabs weteegiorenirncerti sol
phosphate (400, ~ /k / da Sol u- Cortef, Upjohn, Puurs, Belgium and

L-t hyr oxi ne (iB ~ f gyagy Sigma, 15 USA) diluted in saline as a daily
subcut anedus i nj echBoatéaed08bovh) thRepbabinagatthorildy a@dtilye€Hpuwhas dil ut ed

in 0.05 M phogygﬁ}gaggé&eécceyd§ng twﬂthe 194g9kxeﬁr9g and Q320 seadi um

azi de. Iven a5 one daily subcutaneous |nject|on at 24 h
|ntervals Thérﬁﬁéﬁﬁﬁﬁnp Zébééﬁﬁﬁﬁuéﬂnﬂéil§§§eﬁf§§§§1nﬂh§F@§ﬁteﬁtﬁﬂb rats

were sacrificediand phegbhakBs baK@@ @ﬁa/aﬂdc@n@@aaéélb@ﬁ from neural

|nnunoh|stochenlstry Ten hé? B ésectonlﬁ ?%S wer e substit ut ed mnth only

cortisol e andSEEPhGPIXFNEY BFPPEBAHCRY PG §§ec 284 tHE'S, b

substitutted wptéaventt i sgkear brthme@xonatanda@ﬂgeﬁenduahasweu@hlm@fhzo g

wer e assigned t ontr r . r' e S at ment
nngo% cen9L89a8§gyP§Ei QQtEQ ?gﬁzal%ﬁé 92

period all ani recCei've raperi . |nj |on ng/ kg
bodywei ght) ocablmnadeéxyusubsnencsrd@edsagnardlngetphyhso1mm&mmaqmnaﬁog

BrdU is incorpgratedihdt @utRergenehbi-Cr MBLEMEAL BROR ML QL ot sdiatirdl@A ng
whereafter it can be detected |nnunoh|stochenlcall in the resultlng ceIIs

On the twentiBiR aéygaﬁﬁnéﬁpﬁéﬂé WBFETCGLiPY | EBA/BY BOPEORA G6dd Sof

anest het i1eGs asdchraaaaatdbablmapeéfgseﬁematbNS%ﬂaﬁagara&oﬁﬁﬁhdﬁhydaeuthe
brai ns were rean gg Egstflxed in 4@& arafggn%ldehé for 24h and
r

t hereafter stﬁ?ﬁa |ﬁe G8r 05e™S0PUYi on-"coronal “Preézit Fbgbne
sections 1 QauseﬁthOGBnmabenoeénﬁlﬁéeeestoiedtpmscpyo@n@ﬁe@ﬁant5@250

et hyl ene g|ngg,m§§ngh¥C§Eh@r091§5 H@BBQ§Eh§E$u99ff?%Eh@hitzqgj%wa
processing fogrggggggcl?Lgﬁrivlgg;X1nsohnguggseggg?sg%gcgémyelition
20 disorder.

The effect the pharmaceutically active substances
used according to the invention is due to their ability
to either induce cell genesis, proliferation and/or dif-
ferentiation of progenitor derived cells in or from the

25 central nervous system.

According to another embodiment of the invention it
is possible to use growth hormone or a functionally
equivalent analogue thereof in order to propagate pro-
genitor cells or stem cells or other neural cells in a

30 tissue culture or a cell culture. Such cells may thereaf-
ter be used for cell transplantation into a patient suf-
fering from neuronal cell loss or a condition due to lack
of endogenous cells of this type. The cells used to start
the culture may either originate from the patient itself

35 of from human or animal donors.

When cells are to be removed from a patient for in

vitro propagation it may be advantageous to first in-



5 The nunber of BrdU positive cells in the dentate gyrus of the hi ppodadpiiié003
vier e counted using unbi ased counting techni ques. For detection of

BrdU-| abel ed nuclei in tissue sections, the followi ng DNA denaturation
steps preceded the incubation with nouse anti-BrdU anti body 10 1:4D0
(Boeringer Mannheinm) . 2 h incubation in 50% formam de/2X SSC (0.3 M Nad,
0.03 Msodiumcitrate) at 65C, 5 mn. Rinsein 2 x SSC, 30 min incubation
in 2N HC1 at 37C, and 10 min. Rinse in O 1Mboric acid, pH 8,5. A

stai nings were perforned on free floating94o nm sections. 15 Free-floating
sections were.ir[ e % 2 r i 0. 15M
NaCl, 0.1M Trf% gg& gh%féggg ? 23 ggﬁ?QHEEb% %%iignggggﬁ%ugg%gggg? gse
Several rinseEhia T&Slﬁkiét@ﬁgnthélBéhé@q%@an%%%h@FéﬁnlﬁfT$E#@ 834 i t on

X- 100/ 3% nor r@&oﬁ\%é@léﬁfg”EéE@ﬁI&e&%h@%@&é@@ﬁén@oléBPQ@%hOBfW' th
primary antibody in THS-TS overnight at 4C. After rinsing in TBS-TS, the

sections wer eSFREUBSL&E FBPMIPREIGPER- bTRE i MYTREBdChoPERIERE FOFDEEE! £ oG
Z: 160 secendasyeanhtbedses byeg:s@thabnéa:h@tfm&s,oﬂ%dléiml gB&ahEnsi ng

di n- bi ot d | plied 25 f
per ox! dase. dot BEPFOR"of OCCRR RGBS E4E5. bt mi¥i GHF nBBrof crkGSC B s

H202, 0.04% NcRk}. upon a&eintmunatlbonrescanoa;icsect wbhs Wead toeateinf or
DNA denat ur at | on descri e uhatio TBS- TS, f ox
30 M nTher eaf PP PnEoSeEN EORG aD. Rbr T Pt HOHE e & *Bub e T6]

nouse- ant i - Ca¢gilhdhheDR8knalogoeothsrgrh) for 16 h at 4C and was detected
with a Tgxas red Cgfwaﬁtﬁgrﬂeﬁgeyoﬁnslfmﬁaqﬁ Béc?ﬁ\‘/‘@feﬁ@t%‘féﬁd with a

FI TC conj ugated rabbjt anti-BrdU anti bod Fl uorescen nal s were
det ect ed and bPEEEsEBATEST ngMaY cBRf BESF %%P%%dﬁﬁlh@ D%%%F1%¥CW6%%ope

éEha Rad NRClQQH?rRhéBﬂBﬁﬂengé‘bf gro??ﬁlﬂéﬁtéﬂﬁﬁsﬂahgh§ épf@érﬁ@ﬂber 0;

r positive ce n_the e_c t he ranu an

the hilus and9F38L§ tﬁfF%Epgﬁgpﬁgogaﬁb?E‘b ?ﬂ%é%ragfﬁ g%?%? a%e&§%§£5
coronal sectidasigfd4d tm apdnte fhatetbrgenesis tde deolsfi¢naeigyrins. Cel
counting ,4as e~RecQL.dj t p i cto ver
e i S o e R L
nunber of newb®RR 2BRlagyq Fh@rﬁéﬁtaﬁéog?rQ% i %@@h?ﬁ?%bﬂ@lVlF%c@@%%%d in
hypophysect omngadlcankABbs sepstbéyl egré@tm&&éﬁ CQEétéQﬂ'@, Bﬂ@ll&ényr oxi ne
conpared to aninal s ZUbS |tuted with ﬁé cortisone and %£

Furt her nor e, L¥CP§¥ 2bf pPBPF?éPﬁt?ﬁnp i %hl?%%%ﬁ?l@lw ?%%%%ﬂsd?fer
adm ni strati obnoseGhkehoe hypaphpsevtedi redoademeai s faehdt bdawetdelbrti sol and
L-t hyr oxipe 5.fLe - f b u esults
clearly sﬁomﬁéﬁg#ggg ?%c?%%sgeﬁ%EQElgﬁ %#%é%??giéé% £¥%€%n}$gffgélls in
the dentate g9¥udniHWithe  hippBRENPLSO ﬁ%r%ﬁ%ﬁﬁﬁ?eln@H%erbT%a%$re: or

proliferati onmwasigbeehti €anikytbnseeasedspdd fi @dﬂéﬂé§&prﬁéﬂ1@@1 oﬁr&H to
hypophy20 sect on zed anlg?ls treated,with cortlsqla g roxin
quantified af PERMEnBSWEBK oRSsTBSEITUti BRECTHIE TREuF Ogﬁﬁa%g}o?% t GH
affect the proklistative rate of progenitor cells in the dentate gyrus of

the hi ppgganmpus. F t er a4 n i or 25 mal
ani mal s r&ce|V|ng ?& @$ WQ%SY%XﬂgnPKQAé{ éé& con%aféaﬁégg% %%?nal
control s and genpaekdon oh pae ﬁybbph%@@twwma‘sn@lsgct:rﬂmmdmmtes

substi t ut ed fQEhQQﬁc@@ﬁg éﬂé £B€£§§i§§I &@EH@SEféMtﬁglgyﬁbBQnEh@eiPé'0“‘ng
3 weeks. The nunber  of 805|t|¥e cells. were estimt

progenitor or stem cells within the adult CNS or PNS or
in vitro.
30 Furthermore, the invention also relates to the

therapeutic use of substances that decrease the amount of
active GH or naturally occurring analogous of GH in the
patient and thus decrease the genesis of oligodendrocytes
in patients with axonal or spinal cord injury. Examples
35 of such substances are negatively regulating binding pro-
teins, GH-receptor antagonists, drugs or antibodies or

compounds or peptides. Axcnal regeneration and spinal



30 nonth after treatment with either cortisone and Lthyroxine or corﬂﬁ%@”@%m
L-thyroxine and GH The results are shown in figure 2. The results suggest
that GH either direct or indirect pronote proliferation or survival of

cells resulting 35 fromneural cell progenitor proliferation in the dentate
gyrus. 1 9 JUN 2003 The inventors of the present invention are the first
to show that grow h hornone can regulate the proliferation and subsequent
generation of neurons in the adult brain. Rats with increased nunber of
newborn cells were tested and conpared\M% rats that had | ower nunber of

newborn cel | schedr ineaks abtier LBedUshoirgctdopedinhiBitedr ngonsecsinve days.
The rats were tested in a water nazeai4th a ¥|deo-track|ng system The time
to reach the PPAECEOSFoRKPEEEERACHY bt EOHBRATBFEHESThEUE ES%@OB?atforn1was

hi dden 1 cm betowst Be sHtibeeiet bhecwmpsinat orfpypdigesitthar The water

was nmade opaque b adding dry mlk gamder to thg mateé Thé wat er b

t enper at ur e mﬁgeﬁéﬁteegﬂ ?BﬂgsaPeﬁﬁ Thr oUHHBEPEEARSt BBRL ESCHEART nBTE was

tested i n515 bouloghralsaeadhidayof Femdlogenals| @it ednd4dlso Bai nvéd. t hat

failed to find therhiddep.pl ablopmyifdine A2 5,1y e.flasiopabedeas, having a
on e plat we 0'S

45-s |l atency and were pu ' ormand a ay there for 15
s. The | atencyepdinpnthagieoheopingf oxamele i njtt Abowhdenopo haveverstbsas

anal yzed w thegnkWaepay ADNVAni 8NehE epeat€doPosheOTRabati¥g tests at each
nonitored tinme interval were perforned using the Scheffe F-test. The

results are shown in figure 3. There were no significant difference in swm

speed. Itio s evident thatB@ﬂbmaﬁésukaﬁtﬁaﬁr@ase@ezarawﬁhg@ of _newborn cells

in the dentate gyrus,, due to treat t according to,the i.nventj.on,

bor for med S gni £1 chit FIEDEERAPLER DRI po LT PaGE ni ho PASKEO THE R oup of
ani mal s reprepentiethédrdatagdenntediohth O in the figure. The data for the
rats wth thezlgwer n n o] i ~ i the
figure. 1 QFS%N aoogﬂg‘gé C@&? @%g%g%f%é%kﬁéﬁ%ﬁn%négg}¥“a£- uenlE:tF}iqonaI |y
equi val ent anal ogue t®&Yeoinfehe tfRNtFRIEITon of yperhrsaatoBifrdduct fox
treatmentiof a CNS damage 2if8Cti&r e @ osd £ Ceb | She PIOGEM L& WwiIH S

andfor cells derived fromstemcold s @l Progenifor SeliSeortisor (o,
and L-thyroxine (T) compared to hypophysectomized
rats treated with only C and T, and to a control
group.

20 Fig. 2 shows that animals treated with cortisone, thy-
roxine and GH, according to the invention, had
significantly more granulae cell neurons than hy-
pophysectomized animals treated with only corti-
sone and thyroxine four weeks after the last BxrduU

25 injection the hypophysectomized animals

Fig. 3 shows that animals with increased number of new
born cells according to the invention (O) per-
formed significantly better in the hidden-
platform version of the water maze task, used to

30 assess spatial performance, than a control group
(@),
Examples

In this example, the density of BrdU-positive cells
35 in the dentate gyrus of hypophysectomized (Hx) rats
treated according to the invention with growth hoxrmone
(GH), cortisol (C), and L-thyroxine (T) was compared to



2. Use according to claim1, wherein said CNS danage affects the 19 JUN 2003
ol i godendroglia, astroglia, and/or neuronal 10 cells. 3.Use according to

any one of the clains 1-2,whereinsaid CNS damage affects non-cholinergic
neuronal cel | s, cholinergic neuronal cells, or glial cells.4.Use according to
any one of the clains 1-3,15wherei nsaid CNS damage i s neural cel

| 0ss. 5. Use. according to any one of the clainms 1-4, whereinsaid CNS damage is
caused by hypoxic injury, is-chemcinjury, and/or traumatic injury.6. Use
according to any one of the claims 1-5, 28#herei nsai d medicinal product is

bt aneous e AR A LU TS BT b BEM AL Lyrus

subcut aneousinjecti 61 acco %o any one of t '
1- 6, wher ei nsaifd mmmcmm nas:s ctrrrﬁ,ﬁteftdadﬂsbhtqutl%l (C), and

the25act | vesuybstafiee Ml | (HBsSANNQ, 1R VRALIG) 5 Ofnd heaa-dd 21y ' al n

when it is admni'stere to d patient.8. Use according to any one of the
clains 1-7, m@m@%mmma%mﬂ@ fHHRP at ed so t hat

theact i vesubst ancesuirldy Rass | e 113 speraioThinely f | wiod0afetdenat i ent
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gr owt hhor moneQri red uiidd 0 naldnd A 26 Qﬁincﬁft@lcﬁweof heswes r{ outde(24-

producti on of dici nal, pr ct for treat of_.an35abnor nal ition
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consequence @ndax-200 H.9 JUN 20(e3 16 onal danmage caused by concussi on,
axonal -~ dpgage Caug% by, head, 4 1AW » el Samas £aySeh Ba I |ongssel

di sease 1n the CNS, damage to the spinal cord after di sease and/or traurra

5 10. Use accaidiwefeamn dicmmﬁr@l VrEAEne I ai S 3R ahtkD | 42%8 rdgery Vel
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anal ogous theréof, an antlbody |nst ro hor a bjolo |y
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ficed and the bralns taken out and prepared for immuno-

histechemistry.
Ten hypophysectomized rats were substituted with
only cortisole and L-thyroxine. Fifteen hypophysectomized
25 rats were substituted with cortisole, L-thyroxine and GH.
Ten rats weighing 120 g were assigned to a control group.
During the seven days of the treatment period all animals
received a daily intraperitoneal injection (50 mg/kg
bodyweight) of bromodeoxyuridine (BrdU; Sigma). The thy-
30 midine analog BrdU is incorporated intc the genetic mate-
rial upon mitotic division whereafter it can be detected
immunohistochemically in the resulting cells. On the
twentieth day all animals were sacrificed by a lethal
dose of anesthetics and transcardially perfused with 4%
35 paraformaldehyde. The brains were removed and postfixed
in 4% paraformaldehyde for 24h. and thereafter stored in

30% sucrose solution. Coronal freezing microtome sections
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preceded the incubation with mouse anti-BrdU antibody
10 1:400 (Boeringer Mannheim) : 2 h incubation in 50% form-
amide/2X SSC (0.3 M NaCl, 0.03 M sodium citrate) at 65°C,
5 min. Rinse in 2 x SS8C, 30 min incubation in 2N HC1l at
37°C, and 10 min. Rinse in 0.1M boric acid, pH 8,5. All
stainings were performed on free floating 40 mm sections.
15 Free-floating sections were treated with 0.6% H;0, in tris
buffered saline (TBS) (0.15M NaCl, 0.1M Tris-HCl, pH 7.5)
for 30 min to block endogenous peroxidase. Several rinses
in TBS were then followed by incubation in TBS/0.25% Tri-
ton X-100/3% normal horse serum (TBS-TS) for 30 min and
20 incubation with primary antibody in TBS-TS overnight at
4°C. After rinsing in TBS-TS, the sections were incubated
for 3 hr with biotinylated horse anti-mouse IgG, 1:160
secondary antibodies (Vector Laboratories, USA). After
TBS rinsing avidin-biotin-peroxidase complex was applied
25 for 1 h followed by peroxidase detection for 5 minutes
{0.25 mg/ml diaminobenzidine, 0.01% H,0,, 0.04% NiCl).

For the immunofluorescence, sections were treated
for DNA denaturation as described above, followed by in-
cubation in TBS-TS for 30 min. Thereafter the sections

30 were incubated with mouse-anti-Calbindin-D28k, 1:2000
(Sigma) for 16 h at 4°C and was detected with a Texas red
conjugated donkey anti-mouse IgG. BrdU was detected with
a FITC conjugated rabbit anti-BrdU antibody. Fluorescent
signals were detected and processed using a confocal

35 scanning laser microscope (Bio-Rad MRC1024, Richmond,
CA).
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10 with GH, cortisone, and thyroxine compared to animals
substituted with only cortisone and thyroxine. Further-
more, the rate of proliferation was significantly in-
creased after administration of GH to hypophysectomized
animals treated with cortisol and L-thyroxine as quanti-

15 fied after one week of substitution. These results
clearly show that GH increase the proliferative rate of
progenitor cells in the dentate gyrus in the hippocampus.

Furthermore, the rate of proliferation was signifi-
cantly increased after administration of GH to hypophy-

20 sectomized animals treated with cortisol and L-thyroxine
as quantified after one week of substitution. This result
suggest that GH affect the proliferative rate of progeni-
tor cells in the dentate gyrus of the hippocampus.

Furthermore, the proliferation was increased in nor-

25 mal animals receiving treatment for one week with GH com-
pared with normal controls and compared with the hypophy-
sectomized animals that were substituted for one week and
thereafter unsubstituted during the following 3 weeks.
The number of BrdU positive cells were estimated one

30 month after treatment with either cortisone and L-
thyroxine or cortisone, L-thyroxine and GH. The results
are shown in figure 2.

The results suggest that GH either direct or indi-
rect promote proliferation or survival of cells resulting

35 from neural cell progenitor proliferation in the dentate

gyrus.
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with a video-tracking system. The time to reach the plat-
10 form (latency) were monitored. The escape platform was
hidden 1 cm below the surface of the water at a fixed po-
sition. The water was made opague by adding dry milk pow-
der to the water. The water temperature was kept constant
at 22°C throughout the test. Each animal was tested in
15 four trials each day. Each trial lasted 45 s. Animals
that failed to find the hidden platform within 45 s were
designated as having a 45-s latency and were put on the
platform and allowed to stay there for 15 s.
The latency in finding the platform during the water
20 maze test was analyzed with a two-way ANOVA, and repeated
postcomparative tests at each monitored time interval
were performed using the Scheffe F-test. The results are
shown in figure 3. There were no significant difference
in swim speed. It is evident that animals with increased
25 number of newborn cells in the dentate gyrus, due to
treatment according to the invention, performed signifi-
cantly better in the spatial learning task. These group
of animals represent the data denoted with O in the fig-
ure. The data for the rats with the lower number of new-

30 born cells are denoted with ® in the figure.
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product for treatment of a CNS damage affecting neural

stem cells, progenitor cells and/or cells derived from
stem cells or progenitor cells.

2. Use according to claim 1, wherein said CNS damage
affects the oligodendroglia, astroglia, and/or neuronal

10 cells.

3. Use according to any one of the claims 1-2,
wherein said CNS damage affects non-cholinergic heuronal
cells, cholinergic neuronal cells, or glial cells.

4. Use according to any one of the claims 1-3,

15 wherein said CNS damage is neural cell loss.

5. Use according to any one of the claims 1-4,
wherein said CNS damage is caused by hypoxic injury, is-
chemic injury, and/or traumatic injury.

6. Use according to any one of the claims 1-5,

20 wherein said mediecinal product is formulated for intrave-
nous infusion, intramuscular injection or subcutaneous
injection.

7. Use according to any one of the claims 1-6,
wherein said medicinal product is formulated so that the

25 active substance will pass into the ventricles of the pa-
tient’s brain when it is administered to a patient.

8. Use according to any one of the claims 1-7,
wherein said medicinal product is formulated so that the
active substance will pass into the cerebrospinal fluid

30 of the patient when it is administered to a patient.

9. Use of a substance that upon administration to a
patient will lead to a decreased concentration of growth
hormone or a functionally equivalent analogue thereof for
the production of a medicinal product for treatment of an

35 abnormal condition affecting the central nervous system,

wherein said abnormal condition is the consequence of ax-
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