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FIELD OF THE INVENTION

This invention relates to a manufactured Myelin Basic Protein-luciferase
(MBP-luci) bioimaging model used, e.g., to |visualize and quantify
10 demyelination/remyelination events at transcriptional level in real-time with live animal

bioimaging techniques.

FIELD OF THE INVENTION

15 In drug development, attrition rates are high with accounts claiming that only one
in five compounds makes it through development to approval (DiMasi, JA, et al, J
Health Econ 22,151-185). Moreover, despite dramatically increased investment, the
rate of introduction of novel drugs has remained relatively constant over the past 30
years, with only two to three advances in new drug classes per year eventually

20  making it to market (Lindsay MA, Nature Rev Drug Discovery, 2, 831-838).

Molecular and functional imaging applied to the initial stages of drug
development can provide evidence of biological activity and confirm on-target drug
effects. Accordingly, investment in molecular imaging technology is expected to

25 enhance drug development (Rudin M, et al, Progress in Drug Res, 2005, vol 62,
185-255). An advantage of molecular imaging techniques over more conventional
readouts is that they can be performed in the intact organism with sufficient spatial
and temporal resolution for studying biological processes in vivo.  Furthermore,
these molecular imaging techniques allow for a repetitive, non-invasive, uniform and

30 relatively automated study of the same animal at different time points, thus increasing
the statistical power of longitudinal studies and reducing the number of animals
required and cost. The MBP-luci model supports both an increase in throughput of
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By combining animal engineering with molecular imaging techniques, it has

25 become possible to conduct dynamic studies on specific molecular processes in living

animals. This approach could potentially impact pre-clinical protocols thus widely
changing all aspects of medicine (Maggie A. Trends Pharmacolo. Sci. 25, 337).

Molecular Imaging: Bioluminescent

30 In vivo bioluminescent imaging (BLI) is a sensitive tool that is based on detection
of light emission form cells or tissues. The utility of reporter gene technology makes
it possible to analyze specific cellular and biological processes in a living animal

through in vivo imaging methods. Bioluminescence, the enzymatic generation of
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20  Sensitive light-detecting instruments must be used to detect bioluminescence in vivo.
The detectors measure the number of photons emitted per unit area. Low levels of
light at wavelengths between 400 and 1000 nm can be detected with charge coupled
device cameras that convert the light photons that strike silicon wafers into electrons
(Spibey CP et al Electrophoresis 22:829-836). The software is able to convert
25 electron signals into a two-dimensional image. The software is also able to quantify
the intensity of the emitted light (number of emitted photons striking the detectors)
and convert these numerical values into a pseudocolor graphic. The actual data are
measured in photon counts, but the pseudocolor graphic enables rapid visual
interpretation.  Quantitative measurements within a region of interest may be
30  necessary for more subtle differences. The use of cooled CCD cameras reduces
the thermal noise and a light-tight box allows luciferase-produced light to be optimally
visualized and quantified (Contag CH, Annu.Rev.Biomed.Eng. 4:235-260).
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Trapsverggind&l WithSmyelin elaboration, continues throughout myelinogenesis and ceases
upon axon disruption (Gupta et al. Brain Res. 464:133-141)

Diseases that affect myelin integrity result in impaired conduction of axonal
signals in the affected neurons, and can result in impaired sensation, movement,
cognition, or other functions, depending on which neurons are involved. The term

20  demyelinating diseases describes the effect of the disease, rather than its cause, and
can be caused by genetics, infectious agents, autoimmune reactions, and unknown
factors. All these remain as human conditions with a huge unmet medical need

often associated with the need for restorative therapies.

Demyelinating diseases of the central nervous system include:

25

Multiple Sclerosis (together with the similar diseases called idiopathic
inflammatory demyelinating diseases)

o Transverse Myelitis
o Devic's disease
o Progressive Multifocal Leukoencephalopathy

30 o Optic neuritis
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10  Invivo models of demyelination

A common step in the development of pre-clinical candidates to combat
demyelinating diseases is assaying the action of therapeutic candidates in animal
models that recapitulate part or all of the action of demyelination and which has the
capacity for endogenous remyelination.  Chemically induced demyelination can be

15 achieved in animal models and young adult male mice at 6-8 weeks old are
susceptible to demyelination produced by a 4-6 week diet of 0.2% cuprizone
(bis-cyclohexanone oxaldihydrazone) (Ludwin SK , 1978, Lab Invest 39: 597-612).
With cuprizone treatment, demyelination occurs globally throughout the brain, but is
most easily detected within the highly concentrated white matter region, the corpus

20  callosum (Merkler et al, 2005, NMR Biomed 18: 395-403). Demyelination is evident
within 3 weeks after starting the cuprizone diet. Replacement of the diet with normal
food allows for almost complete remyelination within 4-6 weeks (Matsushima et al,
2001, Brain Pathol 11: 107-116). Immunohistochemical staining for axonal damage
using amyloid precursor protein or Bielschowsky’ silver impregnation does not reveal

25 much axonal damage in 8-weekd old mice (Merkler). However, axonal transections
increase significantly in 6-7 month old mice, contributing in part to the decline in
remyelination seen in aged animals (Irvine KA, et al, 2006, J Neuroimmunol 175:
69-76). Oligodendrocyte progenitor cells, which upon differentiation, replace the
myelin, and both microglia and macrophage peak at around 4 weeks on the
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Vi V& Pr Q@keOfig 1, 3, and 4). Using Lac Z as a reporter gene, they demonstrated that the
proximal modules M1 and M2 drive relatively low-level expression in
oligodendrocytes during CNS development, whereas the upstream, M3 region, drives
high-level expression in oligodendrocytes throughout development and in the adult
CNS. Moreover, this M3 region is required for expression during remyelination after
25 a demyelinating insult. M4 also drives MBP expression in myelinating Schwann cells.

Current methods using animal models to assay changes in myelin in vivo are
time-consuming, typically running between 4 to 8 weeks, and require a large number
of animals. The MBP DNA promoter that includes all 4 specific regulatory regions
expressing a luciferase gene constitutes the basis for a murine MBP-luci transgenic

30  bioimaging model that was developed to track changes in myelin basic protein (MBP)
transcriptional activity in the brain, spinal cord, and/or peripheral nervous system, in

real time. This rodent transgenic model can be used for in vitro and in vivo proof of
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o Animals groups and corresponding treatments can all be assayed at time zero,
which optimizes the statistical significance of the study while simultaneously
reducing the number of animals needed per treatement group. Study data
can be normalized to initial values, greatly reducing inherent biological

20 variation while supporting stronger conclusions on the effects of specific
therapies.

Summary of the Invention

The present invention provided a new in vivo model to assess the effects of
therapeutic entities on the extent of demyelination (e.g., neuroprotection, myelin

25 protection) and remyelination (e.g., repair). The bioimaging animals and compound
screening methods of the present invention allow the screening and/or proof of
principle validation of pharmaceutical compounds and other therapeutic agents via

the generation of relevant real-time high resolution data in living animals.
Additionally, assessments can be obtained relevant to potential toxicity, PK/PD, and

30 the therapeutic window, thereby allowing more accurate predictions around dosing in

primates and humans.
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possi bl reover, 1maging signal normalization ugh denyelination or

renyel i natigen éﬂb?{n\éaé\%ntwb?rtﬂb iR M bEFASHEA HeRRAECY stems, vertebrate

organisms that employ myelin in these nervous tissues are especially suitable model
organisms. Mammals are organisms that use myelin to aid neuronal conduction
20 both in the CNS and PNS. Common mammalian models, such as rodent (e.g., rat
mouse), rabbit, sheep, primate, guinea pig, etc., are suitable model organisms for use

in practicing the present invention.

The organism size is not per se a limiting factor. However, apparatus size may

be optimized to a particular organism shape or size.

25 A single bioimaging event may provide desired information. However, an
advantage of the present invention provides the ability to repeat measurement on the
same animal over a plurality of time points and comparing the multiple measurements.

A single organism thereby serves as its own control or baseline.

Consequently, bioimaging over one or more demyelination or remyelination
30 intervals in a single organism is possible. Moreover, imaging signal normalization

through demyelination or remyelination intervals, wherein imaging through repeated
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U 83 i nvention also provides a nethod for developing a

m)dg(?a orad‘a%?@ fsbgn 10| magi ng. Devel opnent can be achi eved by starting

with, e.g.,_.a npbuse strai.n, roduci ng transgeni c. ani Isthen sel ectin
one. or iror &T16 TBG3 AR BT AP BoPESSR MU TS G R AQUaNSSSHEe AR

post_nal@mspeehd Babé he Balis driddR thARRH & MBPTRIer. TheMriflpean ng
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expr essilmn a manmesi €.gd amyeanammalemcblae amiail podelst hdkajoamharouss ace
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The MBP promoter may contain M1 through M3 or may contain M1 through M4.

Signal improvement can be effected by simple manipulations such as selection of

a model whose hair contributes less attenuation. For example, a model whose hair is

20 less attenuating than hair of a C57/B6 mouse will provide superior signal to that of the
C57/B6 mouse.

The present invention also provides a method for developing a model organism
for bioimaging. Development can be achieved by starting with, e.g., a mouse strain,
and producing transgenic animals then selecting one or more lines in which in vivo

25 whole mouse imaging at the peak of post natal myelination shows, e.g., CNS, specific
imaging; then selecting one or more lines in which ex vivo imaging confirms luciferase
transgene expression in a desired area, for example, mainly in the compact white
matter regions of brain. One can then select one or more lines in which luciferase
image intensity is highly correlated with changes in demyelination and remyelination.

30  For improved data one can select one or more lines that show clear histological

demyelination during appropriate manipulation.
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novel bicoinsiggired asdioefull sscqw@@fghem\temtlonwmmh w@haraaltarlaad ammeqciamms f i cat i on
of denyelination and/or renyelination events in living animals, e.g., mce,
in t@al -ti meith@@h mprm’nbtemrhafsgbe@mmtw crerdctenzed njsinge tepmmteni lab Zageoeat ed

bi oi magi ng ;t echni gues. usefu fogr, e.g., target
Val | Gat 1 BnAeTGIbas A Entliad bboYR TR SoRbMERaS 2rbodéias ditie Rve iR ou
and traﬁ%@ﬁ?'%r%%aﬁ@‘ﬂxﬁﬂoﬁ%??&i?&nbh% ’f'o?)detéef?orﬂ?(B 8lac "H%.%“ he IacZ
validation (e.g., measuring efficacy of a conmpound in"a no h a
cupr i zorreport geneeprodeat) al hisuarocesauras uines dpstacoeniail techn[cw@] r)ototrorapatlble
with detection in living animals. To circumvent this problem, the use of
15 bioluminescence or fluorescence systems has been suggested to develop transgenic
bioimaging model in which the luciferase or GFP reporter is selectively controlled by

large portions of the MBP promoter.

This novel bioimaging model is designed for the visualization and quantification

of demyelination and/or remyelination events in living animals, e.g., mice, in real-time.

20  Such monitoring can be used in conjunction with automated bioimaging techniques.
The model is a useful tool for, e.g., target validation (for example when bioimaging
model mice are crossed to knockout and transgenic mice having desired traits), and

also for compound validation (e.g., measuring efficacy of a compound in a model

such as cuprizone or experimental autoimmune encephalomyelitis [EAE]) on a

25  comparative and quantitative basis to make critical path decisions regarding target

selection and compound progression.

The present bioimaging model (MBP-luci TG) has been developed and used for
quantifying demyelination/remyelination events in vivo. An advantage of the
30 bioimaging model is that a longitudinal study is enabled so that each organism can

serve as its own control. Sacrifice of animals at specific time points is thus avoided.



25conparative and quantitative basis to nmake critical path decisions
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m ce can be tracked throug e denyelination a enye tion process
cont i nuaesitipuously. The bi oi magi ng met hodol ogy requires less tinme and
resources to track biological response in live mce. 5 Brief Description of

Pictures  Thel tguiheag]in%hmtﬁo@olsgjnewiiies lesstinteyared réddidréasciof teacksisiological
transgeni c nodel, which is used to track real-tine changes in nyelin
expr essi’8APOMS&YINrIVeMiCRows t hat t he endogenous MBP pronoter has four
el enments that 10differentially regulate the expression of MBP in
ol i godendrocyt es during devel opnent and into adul thood. (HF Farhadi :
J. Neurosc. 2003, 23 (32), 10214-10223). ML/

Brief Description of Pictures

Figure 1 shows a schematic summary of MBP luciferase transgenic model,

which is used to track real-time changes in myelin expression.

Figure 2 shows that the endogenous MBP promoter has four elements that

10  differentially regulate the expression of MBP in oligodendrocytes during development
and into adulthood. (HF Farhadi: J.Neurosc. 2003, 23 (32), 10214-10223). M1/
M2 both regulate early postnatal stage transcripts. M3 is involved in transcript
regulation of expression throughout maturity. M4 contributes Schwann cell expression
of MBP transcripts. The MBP-luci transgene structure has two forms of the MBP

15 promoter. Line 121 contains the M4 element and is predicted to express luciferase in
the brain, spinal cord, and peripheral nervous system. Line 171 consists of the
shorter MBP promoter (e.g., lacks the M4 element) and expresses luciferase mainly

in the brain, as confirmed by bioimaging analysis.

Figure 3 shows an MBP-luci transgene expression cassette including MBP

20 promoter with 5K bp of 5° DNA in a luciferase expression vector.

Figure 4 shows an MBP-luci transgene expression cassette including MBP
promoter with 10K bp of 5° DNA in a luciferase expression vector.

Figure 5 shows an example of the MBP-Luci transgene line screening tree.

Figure 6 shows in vivo luciferase images from the first level screen of the
25 MBP-luci founders. The luciferase intensities rang from 10° (+++) to 10° (+)

(photons/cm2/second).

Figure 7 shows a model organism bioimaged at seven weeks (A) and 10 months
(B) illustrating the decrease in luciferase image in the brain with increasing age,
which correlates with the decrease in myelination observed after early postnatal

30  development.
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m ce as shown reases fromweek 4 (A
fonowed %?ocimaglsng of the sl}lc\:%s reveéled that the corpus callosum subregion in the
15 brain contains that highest bioluminescence signal and correlates with the greatest

demyelination and remyelination in the cuprizone lesion model.

Figure 11 shows Bioimaging in the MBP-luci model and other biological
responses known to occur in the cuprizone lesion diet.  Here cuprizone diet is
administered for four weeks and results in the bioimaging and cellular changes

20 illustrated on the left of graph. Bioimaging at each week indicated (arrow) is
anticipated to change in parallel to the endogenous MBP expression levels
(Matsushima GK and Morell P, Brain Pathology 11, 1-10, 2001).

Figure 12 shows changes in endogenous MBP steady-state mRNA in response
to continuous cuprizone diet treatment in wild-type C57 BL/6J mice. Mice at 8
25  weeks of age were exposed to cuprizone in their diet for up to 12 weeks (solid
triangle). In second group (open triangle), cuprizone food was removed after 6 weeks
of exposure and mice allowed to recover for up to 6 additional weeks. The data for
MRNA levels are single determinations by northern blot and are plotted relative to the
mean of three controls (Jurevics H, et al, Journal of Neurochemistry, 2002, 82,
30  126-136).

Figure 13 shows a demonstrated cuprizone diet impact on the MBP-Luci bioimaging

model. The imaging signal can clearly mimic the expression pattern of endogenous
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Data were normalized to week 0 baseline signals. The tool compound, '517 (n=12),

20 caused a 30-100% relative increase in luciferase signal compared to the vehicle
group (n=12), which has been attributed to the effect of the compound on stimulating

oligodendrocyte progenitor cell differentiation (e.g., consistent with in vitro findings).

Figure 16: PPARS agonist tool compound, '517, improves Luxol Fast Blue (LFB)

myelin staining during the remyelination phase (line 171 heterozygous, B6C3H strain).
25 Parasagittal tissue sections from formalin fixed paraffin embedded brain were stained
with LFB for qualitative assessment of myelin in the corpus callosum. The stained
sections for each time point were scored and graded on a scale from 0 (complete
myelination) to 5 (complete demyelination). Scoring system was as follows: 0 =
normal myelin, no demyelination, 1 = minimal, localized demyelination, 2 = mild to
30  moderate, localized demyelination, 3 = moderate, locally extensive demyelination, 4 =
severe, locally extensive demyelination, 5 = severe, diffuse demyelination.

Histological evaluation of LFB-stained brain sections from mice, after 4 weeks on
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QIP group showed 15 significant increases in imaging signal vs vehi cl e

control Pegs 186t 182:8ék éiqmou@@wmaw%g/ﬂig.weéﬂtaqeﬁﬁawd $g8al ts for the
P | t.
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'ba at thoer si gnificant effect at both week 3 and week4. Resul t s
suggest tﬁat t%ON%85R$LC| i magi ng nodel is sensitive enough to detect dose
dependent changes |n the cuprizone nodel. 25Figure 18: '5a (30ngy/kg) and

QTP25( 10%65% (m VS/k§5 nr%J iCS‘ﬂth%nggr/Egt%rroups have significantly greater
transgene activity compared to the vehicle control group at weeks 3 and 4. Imaging
model data support that both QTP and '5a attenuate cuprizone-induced brain
demyelination and myelin breakdown.

30 Figure 19 shows cuprizone model imaging signal comparison between homozygous
and heterozygous mice (B6C3H line 171). N3 generation heterozygous mice were
interbred to produce homozygous mice for the MBP-luci allele. Homozygous mice
showed a greater than 2-fold bioimaging signal window than heterozygous mice



transgene activity conpared to the vehicle control group at weeks 3 and 4.
| magi ng nodel data support that both QTP and '5a attenuate

cupri zonewOreduomsekshr ai n denyel i nati on and nyel i n br eakdeam/Uus3@biosssee 19
shows cupri zone nodel inmaging signal onpari son between honbzygous and
het er ozygous mice (B6C3H line 171). N3 generation heterozygous mce were
interbred to produce honozygous mce for the MBP-luci allele. Honbzygous
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het ef oz ysongl chow).171 (BGCSH strain) works in the cuprizone nodel and can
detect compound effects, the nodel could be further inproved by breeding to
honbzygosity to increase bioimging signal intensity. 10This al so
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sect( on Thigaisoostreniings medeparodtitiion and eededses geaotypmgicedts) siece wi th LFB
denpnstrates the area of white matter eval uated for elin status. This

ar ea wasm%%celen'e@mb% ata'm/t@'rmdg@% RPMORYENIRE: aRAPIR 8 IBI0CrR8PINgast Bl ue
(LFB) SU@hBbRA%GY addiRefUREEdPb AFHBbU P eRe AL i? pRAM SOIBGELEGSNBouNd™Y! NG
OI’ t ucl

w ndow an Istolo erent | nes (lrne 171
B6C3H hgirefilorysfadesst ral n, line 121 C57BL16 het erozygous strain and |ine
171B6C3H honbzygous strain). Mce were placed on a diet containing 0.2%
cuprizone for 4 weeks or 5 weeks. Inmaging data were normalized 25 to week O

bases | NeFigare QOWéﬁncr&};r #oh%f@ﬁ@ c@?pu%aﬁl'lo%Md()dermhgﬂu@lhél é‘t?ué‘tﬁfeevvlthln
harvest ed™and serial paraffin sections were stained nyelin with Luxol

Fast Bl uwackets)- 204)dn agqua@glttabtusswe serboB dionefor@lingixey paraffisiempedded he
e e GBS TR R o A A B LR B e
by qual irhgélirvétahisstTeiPgiea was used for quantitative digital imaging analysis of Luxol
Fast Blue (LFB) staining of the corpus callosum.
20
Figure 21: Comparison of imaging window and histology window for three different
MBP-luci lines (line 171 B6C3H heterozygous strain, line 121 C57BL/6 heterozygous
strain and line 171B6C3H homozygous strain). Mice were placed on a diet
containing 0.2% cuprizone for 4 weeks or 5 weeks. Imaging data were normalized
25 to week O baseline measurements. At the end of each study, mouse brains were
harvested and serial paraffin sections were stained for myelin with Luxol Fast Blue
(LFB). Average qualitative LFB scores (0 to 5) are shown in the table. Line 171
B6C3H homozygous mice showed the largest imaging signal decrease and also
demonstrated the most severe demyelination, as assessed by qualitative histology.
30  Line 171 B6C3H heterozygous mice showed the smallest imaging window and also
the least histological demyelination at week 4.



30Line 171 B6C3H heterozygous m ce showed the snmallest inmagi ng wi ndow and
al so the | east histological denyelination at week 4. WO

2011/ 084280RCTi/0888010/ 058823 16 Figure 22: Use of |ine PCI/Uscommygposis m ce
in the cuprizone nodel was further valei dated by denonstration of a
treatment response to quetiapine (QIP). Mce were fed a cuprizone diet for
5 weeks and coi ncidently were orally dosed daily with QIP (10ng/kg). Mce
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Figure 24 Quantitative digital |maqe anal ysis of Luxol Fast Blue (LFB)
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t hel(A\perintegrily nahercugeizomy alagtei.on al gorithm on manual Iy outlined areas of
t he corpus call osum on scanned digital imges of stained slides. One
section was eval uated per animal. The nunber of aninmals per group varied

bet ween FgaRd 34 BerARDls 830D "Hé d HorhPE fhé! 12 1ot CORRS R
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80% . Therefore, line honbzygous m ce were identified as the preferred

line for use in the cuprlzone i nduced denyel i nation nodel. 30
Figure 24 Quantitative digital image analysis of Luxol Fast Blue (LFB) staining of the
corpus callosum in C57BI/6 mice; wild type, line 171 heterozygous and line 171
homozygous mice. Quantification of percent area with positive LFB stain within the
20 corpus callosum was calculated using the Aperio® color deconvolution algorithm on
manually outlined areas of the corpus callosum on scanned digital images of stained
slides. One section was evaluated per animal. The number of animals per group
varied between 9 and 10. Percent area positive for LFB stain was calculated per
animal and for groups. Statistical significance between groups was evaluated by
25 paired t-test. Both 171 homozygous mice and wild C57 BL/6 mice show severe
demyelination (% positive staining is between 40 to 60%) after 4 weeks cuprizone
feeding. In contrast, line 171 heterozygous mice show only mild demyelination (%
positive staining is between 65 to 80%). Therefore, line 171 homozygous mice were

identified as the preferred line for use in the cuprizone induced demyelination model.

30

DESCRIPTION OF THE INVENTION



DESCRI PTI ON OF THE | NVENTI ON WD 2011/ 084281PCT/ US2010/ 058823 17 The
followng five criteria have been successfully applied sequentially to

opti m ze weletwdsezsif or a bi oi magi ng nodel : Speci f iPCcTAIsb@dionssns s can
be created fromlines of mce transgeriically manipulated with either the 5K
or 10K vectors according to the follow ng process. 5Results described bel ow
are fromone such selection process that started with 35 transgenic |ines.

Fi gure 5. 9r aphL CRblRY TR kARFiel MadePbBEsSsuccessiully FEOMAPIkALRKRY to

transgenic lines, oneselects lines In e aninma
nouse, iomHEigHhing setectibefcprwbiodﬁaghgtmadalt nyelination (e.g., 3-5 weeks Gl
m ce) shows CNS specific imaging. Six out of the selected 35 |lines were

advanced to $Qesific neibosihestsi eansbagereated frofeXNineki pesmide whrggeaicaly vo
i magi ng confirms |uciferase transgene expression mainl ¥ﬁ in the white nmatter
regi on dnapipyiatedyith siheicthed dKrpy d0Bs vediarseareaidings iy %{cgpv\gng\,@rgcess

adv@ceq?éﬁjl E eét%tedstf)é@ﬁ/ arH‘Fr Eﬂéssdc'ﬂ &Qb&ﬂ”b(ﬁe '@30 éé%' that 38srtd

intensity y correlated wt changes I'n I nat1on an
remyel i rtsansgemo'idwsed FigureiShgrtaphscally aopinearizesGhs prooass.denyel i nati on nodel
was selected. Three of the 5 lines fromstep 2 were advanced to the next

st age. FrorhNegéndratees trahsgénis izl erecaeldutstiinksginc ahidte iy alivinatiade i n
t he above,CuErl zone nodel were selected. Two of the 3 fromstep 3 were

sel ect edMiapreed erQFEBNagIRg at the pealgf postnalal myelpation (@encepivamks G1
sel ect e%%zshb\% r}1$ ngfﬁ utngg@f §r|]>98ﬁtyo%e%%‘i’e?é8§§%31me§ ﬁ&’ré%v%ﬁl:@&ftg"e

agoni st et ect e bi oi magi ng nod
exenpl artplelnleIXESeiesmcgnanagé line 171 (B6C3 strain, heterozygous) was
25sel ected using the above five criteria and used as a preferred nodel.

Next lines in which ex vivo imaging confirms luciferase transgene expression
mainly in the white matter region of brain were selected. Five of the 6 lines from step

1 were advanced to the next stage.

Then lines in which the luciferase image intensity highly correlated with
15 changes in demyelination and remyelination induced in, in this example, a Cuprizone
demyelination model was selected. Three of the 5 lines from step 2 were advanced

to the next stage.

Next lines which showed clear histological demyelination in the above
Cuprizone model were selected. Two of the 3 from step 3 were selected as preferred

20 lines.

As a final proof of concept we selected one line, in which the efficacy of
A003398711, a PPARD selective agonist, was optimally detectable in the bioimaging

model.

An exemplary line designated line 171 (B6C3 strain, heterozygous) was

25 selected using the above five criteria and used as a preferred model.
Amore detailed description of this process is described in examples below.
Definitions

As used herein unless indicated otherwise terms have meanings as generally

used in the science parlance which may differ from colloquial common usage.



Anore detail ed description of this process is described in exanples bel ow

Definitions WD 2011/084281PCT/ US2010/ 058823 18 A gene shoul d be
i nt er pretwd 2briomadsy to i ncl ude transcri bed as well as neaTtusansmsssbed
regi ons. Compound is interpreted broadly to include chem cal

conpounds, e.g., organic chemcal entities, biologic conpounds, e.g.,
anti bodi es and antigen recognizing 5 fragnents and constructs, nucleic

acids, e.g., RNalne &Hould be intEﬁﬁ%?&erﬂrSa@gcﬁ) Lhald&*PEeSSRRd Bselel as
t hes

| uci ferase were” generated. In e aninals, the reporter gene, |ucliferase,
was | i nkexh-transoribeBRegiomsot er, t hus driving expression of luciferase in
cells of white matter (nyelinated) region e.g., of the CNS when MBP

expressi on waSorhpooed i@mterﬁméew@adl?jt@mdlm ofierhital soipbuads d.gsiorgdnio
(v, 10 1P, SC) generates a detectable and quantifiable light signal froma

i ving rbseical REHUES. BYIOIQEHF yeBPRURdFHr  HonaNHRRRIES | A | BHIGAHIEPCAL R0 ect
VBP- 4 “C!fr%qrﬂéﬁtsad?\‘éj édHS?’S‘HSr"ﬁHHéﬁgﬂgﬁ;é !ﬁng Rtd uciferin repetitively, one

can serially nmonitor and qu i'nati on and renyelination through

noni nvasi ve b} Q- ] n i i I i, tudi 0 e, a
foo monh pert GISSEHE TREEHER: SRR, MR HERIAS Yoo boRIBR o 3tEGe
cupri zorghimambyced rdsone gaed,ilaoiferade awBBARGed A0TEILIMBP pedethr! gusediiiagi on.
Advances in detector tec nploq% have | ed to substantial inprovenent in

sensi t i VAXPJESIHRN PhitsdfeEARa Int GEIISPHOVBIN Matier {Bweliaeied) &euin) sged d1e £NS
charge GuuN @ghpggxgﬁ%?bﬁ%s ftes %@Cgk}éfenﬁeﬂﬁ@&ﬁo@%@%ﬂs%&eﬁkﬁgﬁﬁ g as

phot ons stri con wa caneras spat 'y enco
i nt éhsi tlP, SC) generates phottectbletamdeyeattifiabéd lightasigaap&otreranbvingirnbuse's

t hen prqcessed. to generate an i mage. The noise is. reduc super-coolin
e oo ekthr 3 DB ! S ERBC oy T aHo8 TGRL 1G SEIset BT SHoEsc Bk e

ar e genqpabliNg aRIue’ it With %&@ﬁﬂ%ﬁétit‘ﬂi@’l&,%ﬁwé EHSerd %6hirt<?rfﬁhdi&lﬁianti%

anal ysis.” Second-generation canera systens that are nmuch smaller and
t her ef ordensyglinaéoncanantatayaitnation| tiivough ongnibedsive t bipJuminkscenee t iedgiog ogy

feasi bl e_an ractical for day-to-day experinmentation. Xenogene Co has
commer ciara s go: BRoPHENREC ST o gy s REN TRt . Tl RGOS EraLTY
avais abl@antipitivesl hRpNBIdHed basRonB-iRdGEdd BeRteNsSticH hhyores rpepmrs have
energed as the nost accessible and easily 30mani pul ated. Bi ol um nescent
i magi ng EBIRQUNGsinglHeed cerdyelnadiopy renmar kabl e sensitivity, as background
| um nescence (noise) fromtissues is exceedingly low. To date, BLI

Advances in detector technology have led to substantial improvement in

sensitivity and image quality. Photons are now detected by specialized charge
coupled device (CCD) cameras that convert photons into electrons as photons strike
20  silicon wafers. CCD cameras spatially encode the intensity of incident photons into
electrical charge patterns which are then processed to generate an image. The noise
is reduced by super-cooling the CCD camera and mounting the camera in a light-tight
box. These cameras are generally controlled by a computer during image acquisition
and analysis. Second-generation camera systems that are much smaller and
25  therefore can be accommodated on laboratory bench tops made the technology
feasible and practical for day-to-day experimentation. Xenogene Company has

commercialized bioimaging technology.

Of the imaging modalities available, optical techniques based on
bioluminescence or fluorescence have emerged as the most accessible and easily
30 manipulated. Bioluminescent imaging (BLI) is characterized by remarkable sensitivity,

as background luminescence (noise) from tissues is exceedingly low. To date, BLI



WD 2011/ 084281PCT/ US2010/ 058823 19 has been successfully used to nonitor

bi ol ogi cal processes such as cell novenent, tunor progression, gene
expressi onp2anchs¥isnal i nfection in a variety of ani mal ®rOWAIS2010/058823
Firefly luciferase requires intracellW ar cofactors such as ATP for
activity. This limted its use to cells that were genetically engineered to
express the enzyne. As a 5 result, many useful imaging applications, such
as, noni j ' ' ' G ' j A ul ar
ant i gon MErnedeh ShEcdselly GbcPlo ForRdl B Bfca AabpESses SidF oo W1 Hplfgn:
firefly tumorfeogressionpgéme expresamdi ahdvahl idfeotibadk aofarfety ef dpimMaloiddeisase i s
the lack of alternative substrates for detecting it in fixed cells and

ti ssue sanpl esireflihnusiférase regeiréd indidckilglal tofagtarersuehad AP for\eetivitpdriig
10with m croscopi ¢ anal ysis. Sensitivity of detecti n% light emitted
from i ntlEnitegl itpugaie cedpdirisvene genalically eaginsiesed foexp@isagNne RZy @\fe 1ASoR

| uci £ er X i h : e |1 i -takpat he (t-h

i st nca T hg TTRY phaana e ¢ 2ol SRoR o Rs monaag R Rblrbh Br,
of the dufcatatingn fagkirem détectieg nexiraceilulgr obntgen e exprassain, | widf elaeéng
reporter expression cassettes usi ngkélc%g L %\ﬁgs%gewhol e ani mal, i magj.ng has

been dest1999680UEotR!IEgare, not gmgna B35, MAPINGo AN ABHIONRL, ei n

i ncor pordrh@Babl of &lreMENfdierddtNistthe Rack & él@érnah@é 4 BstRds CloP @l efdcthg2tan 247,
1998; Contag, C., et al, OSA TOPS on Bi onedi cal Optical Spectroscopy and

Di agnostfixed @&liz2m figsuel sadplesodinigghasmade it Rhicokt e igogetate dmivzoimaging
Phoi1 bi 0"@@66(&4 .523-531, 1997; Contag, C. H., al, Mol ecular M crobiol ogy
18( (§): 594" Cro 9.'3”% eR- | magi ng typically uses at |east one photo
detector device elenent, for exanple, a charge-coupl ed device (CCD) canera.
Control El emBdrssithfityMiRigteotndvight emlitéexd &ropt otteinas ofdaBis lepemdsaorh sevesal of
pol ypept.i des th ressed in the nervo

t are 25 predom pnantly ex S stem
wher e tH@?toﬁ?,anHdi?@j e I@@ﬁbo?(?cﬁ;@spn@fnréwow P edenth of dgb ,Cef' rW'glt%npl e

in di ffepemoggitHeddieldr@edrach | SIUEBrAV thRAKNA tarid @ jtivit
transcri pfgirygrcllgl( Wgégllg‘d.rﬁlen fgﬂee ouf%?\na% ggpl\rlguérqos@?'fgnces,%gggr%adl eestengl I.Vly
descri beaf the deteatiogyatenny conbi natori al el enment that tenporally controls
expression of the MBP gene. WD 2011/ 084281PCT/ US2010/ 058823 20

15 The monitoring of expression of luciferase reporter expression cassettes using
non-invasive whole animal imaging has been described (Contag, C. , U.S. Pat. No.
5,650,135, Jul. 22, 1997, herein incorporated by reference; Contag, P., et al, Nature
Medicine 4(2):245-247, 1998; Contag, C., et al, OSA TOPS on Biomedical Optical
Spectroscopy and Diagnostics 3:220-224, 1996; Contag, C. H., , Photochemistry and

20  Photobiology 66(4):523-531, 1997; Contag, C. H., al, Molecular Microbiology
18(4):593-603, 1995). Such imaging typically uses at least one photo detector device
element, for example, a charge-coupled device (CCD) camera.

Control Elements of MBP gene

Myelin basic proteins (MBPs) are a family of polypeptides that are

25 predominantly expressed in the nervous system where they play a major role in

myelination. Expression of MBP, for example in differentiating oligodendrocytes is

mainly regulated at the transcriptional level. In the Journal of Neuroscience, Farhadi

et al. described a new regulatory combinatorial element that temporally controls
expression of the MBP gene.



Farhadi et al showed that glia use different conbinations of regulatory
sequences to control expression of MBP at various stages during and after

t he onsetwof20rmoshismat i on. Myel i n basi c protei RCCNBR)10i0s8seEqui r ed
for normal myelin conpaction and is Sinplicated in both experinmental and
human denyel i nating di seases, |ike M5. In order to further advance

under st andi ng of nyelin biology and test nyelin enhancenent conpound in

living ani malgs,n18e Jfr 56 SRbwelY BYt gﬁa ugsd &iﬁ?réM@Pcc%Bfﬁ%EiSHs ayalblistrind
the nost sensitive luciferase reporter technology to generate the”present
MBP- | ucisegoéates heomntoaledxpnessigre ohVBP sk narious staiges\duriograras aftemtiiet anskd of
nmyel i n g0 ne transcriptional responses in living animls. Construction of

MBP- | uci Al@3sset t es The 129SvEv BAC library (Cell & Ml ecul ar

Technol ogi es) was screened with a probe |ocated in MBP pronoter M region.
The probe wadVegin basicaproteinsMBP ,isneqauired farinerpial mayelipapempaction and \is

&iiﬁ%ﬁ%@%ﬂ%ﬁ%ﬁ"%&%ﬂﬂn RS g Pl QAR AR B R -?Ef? o Tes
2)" Nl | “the sar thi otigh -
Ban )+ Long® WEEPRF dufrBdidttea AhddheRiile RS Rl Bty ATRbF el

hi gh 20fdrteinicesheRCRompdury imaivirgetan(vB@B- [FePPresent invention used the MBP
5- gggggat ccacct gggacgt agcttttgctg and MBP-

AP1
5- ggggt tRraatercedriieg st the gigs) Sersitye algsasesrenaitertehiolegy i genarase
Invitro ' <t t r i L@t g iyes 1k
veot or ) ThREeS BB IERNRbe! Tt REHE AR e s B L i S b e o
pCGLB0 hy gsfonyadinn geae wangdBipitibhalerespénsds ivi liveg) anifiads.f i nal 10K vector was
call ed pA&3-hygro-long 25MBP-1uci (see e.g., Fig 4). "Short" MBP
pronoter containing ML to M3 (5k) anplified by high fidelity PCR with
primer set (MBP-S-SP2 5-gggggatccatccctggat gcct cagaagag and MBP- AP1
5- ggggt tQ%‘&%{@U@B@@ﬁd\éBﬁgmﬁi KRRt casertteSNos. 5 and 6) was cloned into

I nvitrogen's p2.1-topo vector to produce an internedi ate vector (Topo MBP5k

B3 hyaro. o017 o TPt LS O MBI AT ecHRABGEN) Wi Sclebsfeld i 11 ©

a probe located in MBP promoter M3 region. The probe was 507 bps and was

15 generated with primer pair (5’-actccttaccacacttcttgcagg-3'
5'-tctattgggtgatgtgtgccatc-3). (SEQ ID Nos. 1 and 2) MBP BAC was confirmed with
the same probe through Southern analysis (7.6K fragment digested using EcoRI
and/or 13.8K digested with BamHl).

“Long” MBP promoter containing M1 through M4 (10K) amplified by high
20  fidelity PCR with primer set (MBP-L-SP2 5-gggggatccacctgggacgtagcttttgctg and
MBP-AP1 5-ggggtttaaactccggaagctgetgtggg) (SEQ ID Nos. 3 and 4) was cloned into
Invitrogen'’s xl-topo vector to produce an intermediate vector (Topo MBP10k vector).
Then MBP 10k promoter (BamH1 and Pmel fragment) was inserted into pGL3 hygro
neo vector (Bglll and Pmel sites). The final 10K vector was called pGL3-hygro-long
25 MBP-luci (see e.g., Fig 4).

“Short” MBP promoter containing M1 to M3 (5k) amplified by high fidelity PCR
with primer set (MBP-S-SP2 5-gggggatccatccctggatgcctcagaagag and MBP-AP1
5-ggggtttaaactccggaagcetgetgtggg) (SEQ ID Nos. 5 and 6) was cloned into
Invitrogen’s p2.1-topo vector to produce an intermediate vector (Topo MBP5k vector).

30  Then MBP 5k promoter (BamH1 and Pmel fragment) was inserted into pGL3 hygro



neo vector (Bglll and Pnel sites). The final 5K vector was called

pG&.3- hygro-short MBP-luci. (see e.g., FIG 3). DNA sequences from
bot h pGL3wbyego/i8BR1pl asm ds confirmed M, M2, M3 and M pCceamRNg/ 05423
addition, transient transfection of tHese plasm ds into 293T cells 5gave
detectabl e | uciferase acti vity. Animal Handling and Generation of
Transgenic M ce ani mal work was performed in accordance with
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rie

enbryos during pronucl ear mcroinjection, the MBP-l1uci gene
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is only parti aI y transgenic transgenic ce contri bute™t
germ | i mericrined siooer mhai‘eé@enamesigggaomtlspmﬂur&meI(Blagtepr Odecieald allg; niiee next
generation of mce w|l W&e f ul I ransgeni c. Transgeni ¢ founders and
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25 positl ers wer e | usi ng I'n vivo |'magi ng
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171 mce were WO 2011/ 084281PCT/ US2010/ 05882
MBP-luci gene cassette DNA is introduced directly into the mouse egg just after
fertilization. Using a fine needle, the DNA is injected into the large male pronucleus,
which is derived from the sperm. The DNA tends to integrate as many tandem
arranged copies at a random position in the genome, often after one or two cell
20  divisions have occurred. Therefore, the resulting mouse is only partially transgenic. If
the transgenic cells contribute to the germ line, then some transgenic eggs or sperm

will be produced and the next generation of mice will be fully transgenic.

Transgenic founders and their Tg+ G1 offspring were identified by polymerase

chain reaction (PCR) of tail biopsy DNA using primers specific for the firefly luciferase

25 gene (PCR primers: 5'gaaatgtccgttcggttggcagaagce-3/, and
5'ccaaaaccgtgatggaatggaacaaca-3') (SEQ ID Nos. 7 and 8)

Offspring of 25 positive founders were imaged using the /n vivo Imaging

System (VIS 100; Xenogen, Alameda, CA), and six transgenic lines were identified

with brain imaging signal (Two FVB lines and four B6C3HF1 lines). Since no brain

30 imaging positive C57 BL/6 founder was generated in this exercise, one FVB line was
backcrossed to C57BL/6 mice to achieve a C57 BL6 strain. B6C3 line 171 mice were



subsequent |y propagated by intercrossing to achi eve honbzygous transgenic
mating pairs. B6C3F 1 line 171 was al so backcrossed to 057 al bino |ine.
TABLE 1 5W0 20ims413i 0l um nescence i nmagi ng was used to screemuss@omsis2d/BP- | uci
lines. GL mice were anesthetized wtHh2 soflurane, and a dose of 250ng/ kg
luciferin was injected through the tail vein or S.C. Ei ght mnutes after
the luciferin injection, mce were imged. Six lines were identified with
brain i ' j ' : ; LRR ' B6C3
train 1 asedygh)Btoratectoy ORI 16 ANV BIRmOR RIS desaRll nath
showed epairsi B6U3kci fiee 43¢ wamalsadaskgabedto Widi/tabimatiiner regi on of brai n.
Table 1 shows data from 35 transgeni c DNA positive founder mce identified
shortly BABEE 1bi rth through tail biopsies PCR genotype. Fifteen DNA

posi tive founder |ines generated MBP-10k luci and twenty DNA positive
founder |ines generated 15MBP-5k |uci. Throughout this application, the
transgene and,t ; | ; : Vil i . .

| VBP P has B BERISAESAEHRGIT el e o e SRR i M Rk g
appl i catrmizes wWebel edngstiSttizadn witht ismflukdore) @hdiracdese of | 25G8§/ kgVBciferin was

injected through the tail vein or S.C. Eight minutes after the luciferin injection, mice
were imaged. Six lines were identified with brain imaging signal (Fig 5, two FVB strain
lines: 58 and 121 and four B6C3 strain line: 12, 23, 85 and 171). Except line 58 the
10  other five lines showed ex vivo luciferase imaging signal at white matter region of

brain.

Table 1 shows data from 35 transgenic DNA positive founder mice identified
shortly after birth through tail biopsies PCR genotype. Fifteen DNA positive founder
lines generated MBP-10k luci and twenty DNA positive founder lines generated

15 MBP-5k luci. Throughout this application, the transgene and the transgenic mouse
are abbreviated as MBP-luci.

Table 1. MBP-lud has been generated as six dfferent models to improve bicimaging applications

Model # Strain Het or Hom Characteristic
538 FVB Line 121 Het CNSand spind cord expression
: CNS expression only modulated by
557 B6C3H Line 171 Het Quprizone treatmert
: CNS expression only modulated by
551 B6C3H Line 171 Hom Quprizone treatmert
556 Co57BL/6J Line 121 Het CNSand spind cord expression
565 c57 Abiro | Line 171 Hom CNS expression onIy rrpdu ated by ngrlzone
treatrment ; Albino improvesimaging
505 C57 Albino | Line 121 Het ONS and spinal cord expression
Ablinoimproves imaging

Figures 7 and 9 show MBP-luci bioluminescence correlated well with the CNS

20  subregion and with age related myelination.



Line 121 Het CNS and spim ccrd expression 557 B6C3H Line 171 Het CNS
expresdai only nodul atecl by Q prizone treatnent 551 B6C3H Line 171 Ham CNS
expr esdaiwonby/osexul at ecl by Q prizone treatnent 5% C57pBiL/tGlolniosss2421 Het
CNS and spim ccrd expression 23

Ex vivo imaging and luminometer assay
Ex vivo luciferase imaging of isolated organs was performed immediately after
euthanasia of the animals by CO,, 10 min after SC injection of luciferin (250 mg/kg).
Dissected organs were placed on a black paper covered with plastic sheet and
5 imaged by IVIS; strong bioluminescent signals remained detectable within 20 to 30
min after dissection. Image analysis and bioluminescent quantification was performed

using Living Image software (Xenogen Corp.).

Tissue samples were placed in lysis buffer with inhibitors (Passive Lysis Buffer
[Promega] and Complete Mini Protease Inhibitor Cocktail [Roche, Indianapolis, IN]).
10  The tissues were homogenized using a tissue homogenizer. Tissues were further
homogenized by brief sonication. Tissue homogenates were centrifuged and clarified
lysates were used for luminometer assays. For the luminometer assays, Luciferase
Assay Substrate (Luciferase Assay System, Promega) was prepared as indicated by
the manufacturer. Tissue homogenates (20 pl) and substrate (100 pl) were mixed and
15 measurements were taken in a luminometer. Background luminescence readings
were obtained and the background readings were subtracted from the luminescent
data. Protein concentrations were determined using the BCA Protein Assay Kit
(Pierce, Rockford, IL) following the manufacturer's protocols. The luminescence for
each of the protein lysates was calculated as arbitrary units of light per microgram of

20 protein.

Cuprizone induced demyelination and histology validation

Administration of Cuprizone to mice over a period of four weeks resulted in

25 extensive demyelination of the corpus callosum. Cuprizone-induced demyelination is
associated with significant microgliosis and macrophage recruitment (Bakker and
Ludwin, J Neurol Sci 78: 125-37, 1987; Hiremath et al., J Neuroimmunol 92: 38-49,

1998; McMahon et al., J Neuroimmunol 130: 32-45, 2002), but does have minimal
T-cell responses (Matsushima and Morell, Brain Pathol 11: 107-16, 2001). The

30  consistent and predictable nature of the site of myelin injury in this model results in
easily quantifiable change in corpus callosum myelination. These changes might
result from the de-novo myelination by oligodendrocytes progenitor cells, however,



565 C57 Al bino Line 171 Ham CNSexpreion oily nodtiated by Cuprizone
treatnment ; Al bino irrproves irnaging 5% C57 Al bino Line 121 Het CNS and
Ti nal ccrwoesprosimsil ; Ablino i nproves imging WO PCT/US2010/058823
2011/ 084281PCT/ US2010/ 058823 23 Ex viMo i magi ng and | um noneter assay

Ex vivo luciferase imging of isolated organs was perfornmed i medi ately
after euthanasia of the animals by 002, 10 mn after SC injection of

| uci feri | ed :

cover od MELETT Ehinck UERFEY el B RamAFioRRUAEELY, RRARRIAS (Ha8fho o

si gnal s aleNatwed I6:t1266t Ab| 200M) 1 ight D@ 4 viaBR aliernafitecexplasatmt.i on. | nage
anal ysi s and bi ol um nescent quantification was perfornmed using Living | mge

sof twar e ( Xentgeutlibedpadove, multiple strains of MBP-Luciferase Transgenic (MBP-luci
Tg) mice were evaluated for in vivo assessment of cuprizone-induced

5 demyelination/remyelination events. Expression of the myelin basic protein (MBP)
promoter driven luciferase (luci) allowed in vivo bioimaging quantification of myelin in

the brain of a transgenic (Tg) mammal expressing the MBP protein. The model, for

example, can use wild type C57/BL6 mice fed 0.2% cuprizone in their diet. Previous

models required terminal sacrifice at multiple time points for assessment of myelin

10 after various compound treatments. Since multiple animals were required
inter-animal variability was a factor requiring additional subjects (higher ns) to achieve

significance.

The MBP 5k-luci line 171 (B6C3) mice showed prominent and significant
demyelination in the corpus callosum of the brain as assessed by Luxol Fast Blue

15 (LFB) histochemical staining on 0.2% cuprizone in the diet for four weeks. This
demyelination was further correlated with a drop in the bioimaging in vivo luciferase

signal.

The FVB strain, however, of MBP 10-Luci line 121 mice has not shown
comparable demyelination. Additional studies were conducted in the FVB mouse in

20  an attempt to identify a potential regimen of varying amounts of cuprizone in the diet
and varying time periods of cuprizone treatment that might result in significant
demyelination.  The results showed only moderate amounts demyelination by LFB
assessments in the corpus callosum. Accordingly, line 171 was preferentially

developed.

25
The impact of the different strain on cuprizone model:

Transgenic mice have frequently been created using the FVB/NJ (FVB) strain
due to its high fecundity. FVB strain mice are also extensively used for transgenic
bioimaging model due to their white relatively non-light absorbing fur color. Removal

30  of hair, such as by shaving can also be used to reduce signal loss due to absorbance

or scattering by hair or fur in FVB or other strains.



Ti ssue sanples were placed in lysis buffer with inhibitors (Passive Lysis
Buffer [Promega] and Conplete Mni Protease Inhibitor Cocktail [Roche,

| ndi anapowvo=2p11vdsds1 10 The ti ssues were honopgeni zed usi RGTAISRO19HEEB23
honogeni zer. Tissues were further homSgeni zed by brief sonication. Tissue
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| um nonet er assays. For the |um noneter assays, Luciferase Assay Substrate
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m ght be a viable alternative expl anati on. As outlined above,

mul tiple strains of MBP-Luciferase Transgenic (MBP-luci Tg) mce were
eval uated for in vivo assessnent of cuprizone-induced 5

denll | rFaYB&rW%@hyel ination events. Expression of the nyelin basic protein
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inter-animal variability was a factor requiring additional subjects (higher
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strain has albino fur color and makes it a first choice for bioimaging. These features
make the FVB strain advantageous to use for research with transgenic bioimaging
models. However, other strains can be used when they exhibit desired

25 characteristics.

FVB strain mice are very sensitive to 0.2% cuprizone in term of weight loss. Two
to three times normal food/transgel supplement per week is required to avoid severe
weight loss and toxicity. Furthermore the inventors’ experience showed that FVB
strain mice show minimal histological demyelination from various cuprizone feeding

30 regimens.

Accordingly, the MBP 10k-luci line 121 (FVB strain) was backcrossed to C57 BI/6

to facilitate future validation and application.
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reproductive performance and consistently large litters. This reduces cost
and ef f gayestigated. In these mice, cortical demyelination was only partial.

Moreover, cortical microglia accumulation was markedly increased in BALB/cJ
mice, whereas microglia were absent in the cortex of C57BL/6 mice. Thus strain
20 differences may be useful to support different research goals.

C57 BL/6J Jax Strain:

C57BL/6 genetic background animals are suitable for many cuprizone model

studies and have been used in several laboratories over the past 3 decades. When

8 week old C57BL/6 mice are fed 0.2% cuprizone in the diet, mature olidgodendroglia

25 are specifically insulted (cannot fulfill the metabolic demand of support of vast
amounts of myelin) and go through apoptosis. This event is closely followed by
recruitment of microglia and phagocytosis of myelin. Studies of myelin gene
expression, coordinated with morphological studies, indicate that even in the face of
continued metabolic challenge, oligodendroglial progenitor cells proliferate and

30 invade demyelinated areas. If the cuprizone challenge is terminated, an almost

complete remyelination takes place within a matter of weeks. Intercellular
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Mor eover,  cortical mcroglia accunul ation was narkedly increased in BALB/ cJ
m ce, erérue@dmgnioCh@@pmgwwdoabg@ﬂseu bioimargicg signeal dite0sinBaNg ratides Made
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BL/6J J
15 to reduce imaging signal attenuation with white fur and to reduce skin reaction after

multiple Nair shavings; (3) Breeding the line 121 to the C57 BL/6 strain to match the
in-house developed CNS cuprizone model strain.

We have now demonstrated that line 171 homozygous showed an over 2-fold
bioimaging window than line 171 heterozygous line (two copies of reporter gene
20 cassette per cell). Other experiments also demonstrated albino C57 responded to

cuprizone model.
Imaging Systems and Data Analysis

Bioluminescence was measured noninvasively using the IVIS imaging system
(Xenogen Corp., Alameda, CA). The images were taken 10 min after i.p. injection of

25 luciferin (250 mg/kg-1; Xenogene Corp.) as a 60-s acquisition, binning 10, unless
otherwise stated in the text. During image acquisition, mice were sedated
continuously via inhalation of ~2% isoflurane (Abbott Laboratories Ltd., Kent, United

Kingdom).

Imaging System description:
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An extremely light-tight, low background imaging chamber allows the IVIS®
Imaging System 100 Series to be used in standard lab lighting environments. The
sample shelf in the imaging chamber moves up and down to adjust the field of view.
20 Researchers can view an entire animal, or focus on one portion for added detail. The
shelf is heated to enhance the well-being of the anesthetized, e.g., mice or rats. The
system includes animal handling features such as a heated sample shelf, gas
anesthesia connections, and a full gas anesthesia option from Xenogen — the XGI-8
Gas Anesthesia System, shown on the website page. A larger imaging chamber

25 could allow use of larger test subjects or a larger number of test subjects

Preparation of Luciferin for In vivo Bioluminescent Assay:
The following materials were used in examples:

D-Luciferin Firefly potassium salt 1.0g /vial (e.g., Xenogen XR-1001 or Biosynth
L-8220).

30 DPBS without Mg®* and Ca®".
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20 3.7 Statistical Analysis

For statistical analysis, EverStat V5 and Sigma Stat statistics software packages
were used. The average of imaging in the group was taken as the mean, and SE for

all groups were calculated.

When comparing two group means, a paired Wilcoxon test or unpaired Wilcoxon test
25  was conducted. Two-tailed values of P < 0.05 were considered statistically significant.

EXAMPLES

Transgenic Mouse Generation

“Long” promoter is about 10 KB containing M1, M2, M3, M4 and “short” promoter
is about 5KB containing M1, M2 and M3. These were cloned with a high fidelity PCR
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MBP-Luci Transgene Signal Correlated With Demyelination/Remyelination
15 Events

MBP10K-luci transgenic line 121 (FVB strain) with observed white matter region
luciferase expression was used in the Cuprizone model for validation experiments.
As shown in the Fig 11, the first cuprizone study, was conducted with repeated

20  luci imaging at wk1, 2 and 4 weeks (on 0.2% cuprizone diet) followed by a return to
normal cuprizone absent food with imaging at 5, 6 and 7 weeks (RE wk1 through
wk3). As shown in the figure, luciferase expression from this line 121 clearly
correlated to cuprizone-induced demyelination and remyelination time courses. This
is consistent with published endogenous MBP mRNA studies (Jurevics et al., Journal

25 of Neurochemistry, 2002, 82, 126-136). FVB strain mice are but one strain and are
known to be sensitive to 0.2% cuprizone as seen by weight loss. Routinely, two to
three times normal food/transgel supplement per week is required to avoid severe
weight loss and toxicity in this strain.

30 Cuprizone model validation:
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and toxi gl tyld} 53bF ISP Bk-luci line 171 (B6C3 strain) was tested. This strain also

showed a correlative imaging response to cuprizone-induced demyelination and
15 remyelination events, as shown in the Fig 13. 7 Tg* mice were treated with 0.2%

cuprizone for 6 week and 3 Tg+ mice with normal food for 6 weeks. All 7 mice

tolerated 0.2% cuprizone diet and had an average weight loss between 15 to 25%.

There was significant imaging signal drop with cuprizone treatment (demyelination).

For example, there is 43% signal drop from wk 0 to wk 4 and 74% signal drop from
20 wkOtowkb6.

MBP-luci mice Cuprizone Model Histology Validation

For histology validation, an objective was to confirm, in the bioimaging model, that the

25 response of the reporter gene during cuprizone treatment correlated with structurally
detectable demyelination in the corpus callosum of Cuprizone-treated mice. These
pathological conditions were visualized by Luxol Fast Blue (LFB) staining (see figures
20 and 24).

30  Specifically, for the MBP 10k-luci line 121 (FVB strain), with 0.2% cuprizone feeding,
in initial trials, only minimal demyelination was detected through LFB staining. In

order to generate clear histological demyelination for these FVB strain mice, various
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30Speci fateah.l y, for the MBP 10k-luci line 121 (FVB strain), with 0.2%
cuprizone feeding, ininitial trials, only mninmal denyelination was

det ect edntamothghstidit [BIBE Sk-nei lihe 1GMAB603) rpiceqBaveckd eldl weightdlSogicalg)
denyelination for these FVB strajn nmce, various
5  showed clear histological demyelination.

Mouse brain tissues had been collected at the end of six weeks 0.2% cuprizone
treatment. All seven cuprizone treated mice had clear demyelination at the corpus
callosum region and all three control mice showed normal myelination at the corpus
callosum region. These data from the MBP 5K-luci line 171 provide further evidence

20  that imaging signal tracks the cuprizone-induced demyelination phase.

Additional Quantitative LFB analysis (Fig 14) demonstrated that MBP- Luci B6C3 line

171 homozygous mice (8 weeks old, weight 21 g £ 3 g) showed more consistent and

mildly more severe demyelination at 4 weeks compared to B6C3H line 171

heterozygous mice (8 weeks old, weight 25.5 g £ 3 g). The denser regions in the
25  ovals show stained myelin.

Furthermore, C57BI/6 strain wild type male mice (8 weeks old, weight 20 g + 3 g) fed

with 0.2% cuprizone showed the most severe and consistent demyelination. C57

BL/6 strain has been served as positive control line for cuprizone model and PPARS
30 test compound effect described in preliminary studies.
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in psel ikRowal ¥s FRAIRESPPARY and PPARS, also known as PPARB; J. Berger and D. E.
Miller, Annu. Rev. Med., 2002, 53, 409-435). Each receptor subtype has a signature
DNA binding domain (DBD) and a ligand-binding domain (LBD), both being
necessary for ligand activated gene expression. PPARs bind as heterodimers with a
retinoid X receptor (RXR).

20 PPARJO appears to be significantly expressed in the CNS; however much of its
function there still remains undetermined. Of singular interest however, is the
discovery that PPAR® was expressed in rodent oligodendrocytes, the major lipid
producing cells of the CNS (J. Granneman, et al., J. Neurosci. Res., 1998, 51,
563-573). Moreover, it was also found that a PPARJ selective agonist was found to

25 significantly increase oligodendroglial myelin gene expression and myelin sheath
diameter in mouse cultures (I. Saluja et al., Glia, 2001, 33, 194-204). PPARS
knockout mice have smaller overall brain size and reduced levels of myelination in
white matter (Mol cell Biology 200 20:5119). Additionally, PPARS agonists exert
protective effects in an experimental autoimmune encephalomyelitis (EAE) model of

30  Multiple Sclerosis (Polak et al., J Neuroimmunology 2005 168:65-75).
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di f£erent jcgtA invitro in a concentration dependent manner; an effect
tha%@coﬁlﬁ'%@%§gcked with a PPAR6 sel ective antagoni st.

A PPARd agonist tool compound ( '517; Fig 15) was tested in B6C3H line 171
heterozygous mice. Eight week old mice were placed on a diet containing 0.2%
Cuprizone for 4 weeks, then given normal diet for remyelination. Mice were then
25 orally dosed twice daily with either vehicle (0.6% Carboxymethylcellulose sodium salt
and 0.5% Tween 80) or 30mg/kg PPARGS agonist tool compound '517 for 8 days and
imaged at the time points indicated in the graph. Data were normalized to week 0
baseline signals. There was a 30-100% relative luciferase signal increase in the tool
compound  '517 group (n=15) over vehicle group (n=13), which we believe is due to

30  enhancement of oligodendrocyte progenitor cell differentiation.

The effect of '517 was further histologically confirmed by Luxol Fast Blue (LFB)
staining in the same study (Figure 16). Parasagittal tissue sections from formalin fixed



In rat oligodendrocytes, increased expression of nyelin basic protein was
preceded by increased nRNA expression of the downstream PPAR target,

Angpt | 4, woaotiiss28upr egul ati on was bl ocked with | enti vi palr/ushibidsssamckdown
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denyel i n@nies. 2 = mld to noderate, |ocalized denyelination, 3 = noderate,
| ocal |y extensive denyelination, 4 = severe, |locally extensive
denyel i nati on, = severe, diffuse denyelination. H stological evaluation
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2. MBP-luci mice detect the protective effects of an ERBagonist, '5a or a

25 positive control compound QTP on myelin expression.

The estrogen receptors (ERs) belong to the family of steroid nuclear receptors that
act directly on the DNA through specific responsive elements and modulate gene
expression. There are two subtypes of ERs, ERa and ERB. ERa is highly expressed

30 in the uterus, prostate, ovary, bone, breast and brain, whereas ER is present in the
colon, prostate, ovary, bone marrow and brain. Selective targeting of ERp is an
attractive therapeutic approach to avoid ERa side effects. ER subtype-selective
compounds have been identified.



A second PPAR6 517 study with line 171 heterozygous m ce showed the simlar
results (data not shown, and al so extended '517 treatnent to three weeks).
Consi st erwowntimsidse first study (Figure 15), the secondprsrudgoialosss2zuggest s
that 20 '517accel erated ol i godendrocy3e progenitor cell differentiation at
the early recovery phase during renyelination process (M Lindner and S

Hei ne, et al, Neuropathol ogy and Applied Neurobiol ogy, 34, 105-114, 2008).
2. MBP-luci mce detect the protective effects of an ERpagonist, '5a or a
25posi tive control conpound QTP on myelin expression. The estrogen
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profile ‘an oni's cuptri zone’no ernore

i ncl@decbe@ﬁrl‘r@ﬂenmafssl-smﬁe Z%phe&noaygtrusgm@et i apine (10 ng/ kg, PO qgd) as
a positive control based on its protective effect on cuprizone-induced
denyel i nati on (Schi zophreni a Research, 2008 Dec 106, 182-91). Two

I ndependgi igh WHIRS (MGHR 17) showed that the ERB agonist, '5a and a positive control,
Quetiapine (QTP), were protective during the period of demyelination in the cuprizone
model. MBP-luc line 171 heterozygous B6C3H mice were fed a diet of cuprizone for 4

15  weeks and orally dosed with '5a (10mg/kg, N=12 or 30mg/kg N=16) or QTP (10mg/kg,
N=14). Mice were imaged at week 0 (baseline), week 3 and week 4 data normalized
to the week 0 baseline. Similar to previous study (Figure 15), the vehicle group
resulted in a 49% (week 3) and 45% (week 4) bioimaging signal reduction. The QTP
group showed significant increases in imaging signal vs. vehicle control for both week

20 3 and week 4 time points at 10mg/kg. Results for the QTP treatment group are
consistent with data published by Zhang et al (Schizophrenia Research, 2008,
106:182-91). Compound '5a at 30mg/kg showed significant increases over vehicle
at week 4, but showed no significant difference over vehicle at 10mg/kg at weeks 3 or
4. These results suggest that the MBP-luci imaging model can be used to assess

25 dose dependent protective effects in the cuprizone model.

A further study (Figure 18) was designed to confirm the first study result (Figure 17)
but with a larger cohort for the vehicle and the '5a compound 30mg/kg treatment
groups. In agreement with the first study results, treating mice with QTP at 10 mg/kg
30 (N=17) produced a statistically significant inhibition of cuprizone-induced signal
decrease when compared to vehicle treated controls (N=25) at week 3 (25% vs 47%
reduction, p=0.028) and at week 4 (6 % increase vs 25% reduction).  Furthermore,
'56a at 30mg/kg (N=27) results in significantly greater transgene activity compared to



10performed with B6CH | ine 171 heterozygous mce. The first study (Figure
17) showed that the ERr3 agonist, '5a and a positive control, Quetiapine
(QTP), wewe 2priosexstii ve during the period of demyel i nati eaTius2ailomsssapri zone
nodel. MBP-luc line 171 heterozygous B6C3H mce were fed a diet of
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vehicle control group at week 3 (31%vs 47% reduction, p=0.0079) and week 4
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Six transgenic lines on various strain backgrounds have been generated for distinct

15 bioimaging applications.

B6C3H line 171 homozygous mice and heterozygous imaging signal in the cuprizone
model (figure 19) was compared. Two copies of the reporter gene in the
homozygotes showed greater than two-fold signal decrease during the demyelination
20  phase and a two-fold signal increase during the remyelination phase. Although it is
demonstrated that the heterozygous line 171 (B6C3H strain) works in cuprizone
model and can detect compound effects, it is anticipated that the model could be
further improved by breeding to homozygosity to increase bioimaging signal intensity.
This would also streamline model production and decrease genotyping costs, since
25 mouse colonies can be maintained as homozygotes. Moreover, the larger the
imaging window, the more sensitive the model is towards detecting compound

induced changes.

Figure 20 shows comparison of histological LFB data from three different lines in the
30  cuprizone model. Quantitative LFB data confirmed the bioimaging results with line
171 B6C3H that homozygous mice exhibited the most severe cuprizone induced
demyelination; similar in severity to that seen in wild type C57 BL/6 mouse strain
typically used . Line 171 heterozygous mice line showed less severe demyelination



5 cuprizone diet induced reduction in the bioinmging signal in the CNS

al though not to the sane extent as the positive control QIP at 10ny/ kg
(under t hwocondistisons used in these experinents). SincePpras2audsstudi es
have shown a direct relationship betw8en the extent of CNS nyelination and
the MBP-1uci bioimaging signal, these current results suggest that both '5a
and QrP prevented denyelination in the CNS during 10cuprizone di et
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i ndyced H@E@'r!b%lyg@@é | ®fte showed the smallest imaging window and also the least
histological demyelination at week 4. Line 171 B6C3H homozygous mice had the
largest bioimaging signal reduction during cuprizone food feeding in the reference to
their base line imaging before cuprizone food feeding. For example, after three weeks
on the cuprizone diet, 171 B6C3H homozygous mice had 72% signal reduction (week
20 3 reference to week 0, p<0.05), while line 171 B6C3H heterozygous mice had 45%
bioimaging signal reduction (reference to week 0, p<0.05). Line 121 C57 BL/6
heterozygous mice had the smallest reduction in luciferase signal (33% reduction at
week 3 over week 0, p<0.05).

The sensitivity and responsiveness of MBP-luci model was further confirmed by

25  treatment of 171 B6C3H homozygous mice with QTP (10 mg/kg) shown in Figure 22.
Consistent with results using 171 B6C3H heterozygous mice (Figures 17 and 18) that

QTP (10 mg/kg) significantly prevented bioimaging signal reduction. Based on these
results, Line 171 B6C3H homozygous mice were identified as the optimal line for the

cuprizone induced demyelination bioimaging model.

30 4. Additional Application of MBP-luci model

MBP-luci mice have both brain and spinal cord luciferase expression. As shown in

Figure 23, luminescence signal was primarily from the white matter region of brain



In Figure 21, denonstrates that MBP-luci line with the | argest bioi maging
signal 5 reduction also had the greatest denyelination, as assessed

hi st ol ogiwal2by/089tsnee di fferent MBP-luci lines (line 17PCBGaS3Holsss25train,
line 121 C57BL/ 6 heterozygous strain ®nd |line 171B6C3H honbzygous strain)
wer e conpared by bioi magi ng and Luxol Fast Blue (LFB; myelin stain)

hi st ol ogy. M ce were placed on a diet containing 0.2% cuprizone for 4 or 5
weeks. | i f ' ; ik e S At
the end 1 elier bl e aBeITHer R g B Dol AT AThS HEEASS Ry
sect i ondamorststted fedcdmizompehodelvapdiichti®)s, Avafesigee quagingagigna ftdrB spaw@lie (0
to 5) was sho in the chart of figur 1. Line 171 B6 honpz mce
Shoved (060 CBLELER dsrgimbese therimdilef afidiic Racapdaig ooy PaRelior i feet
severe qQEmgagﬁ@;ggﬂapémg§§§§§ed by qualitative histological assessnent.
Line 171 B6C3H 15 heterozygous m ce showed the snall est inmagi ng w ndow and
al so the | east histological denyelination at week 4. Line 171 B6C3H
honbzygous m ce had the | argest bioi magi ng signal reduction during
cuprizone food feeding in the reference to their base |ine inmaging before
cuprizone food feeding. For exanple, after three weeks on the cuprizone
diet, 171 B6C3H honobzygous m ce had 72% si gnal reduction (week 20 3
reference to week 0, p<0.05), while line 171 B6C3H het erozygous m ce had
45% bi oi magi ng si gnal reduction (reference to week 0, p<0.05). Line 121 057
BL/ 6 heterozygous mce had the smallest reduction in luciferase signal (33%
reduction at week 3 over week 0, p<0.05). The sensitivity and

responsi veness of MBP-luci nodel was further confirnmed by 25 treatnent of
171 B6C3H honpbzygous mce with QIP (10 ng/ kg) shown in Figure 22.

Consi stent with results using 171 B6C3H heterozygous m ce (Figures 17 and
18) that QIrP (10 ng/kg) significantly prevented bioi magi ng signal

reducti on. Based on these results, Line 171 B6C3H honpbzygous m ce were
identified as the optimal line for the cuprizone induced denyelination

bi oi magi ng nodel . 304. Additional Application of MBP-luci nodel WO

2011/ 084281PCT/ US2010/ 058823 39 and spinal cord. Besides |uciferase inmaging
frombrain that has been successfully denonstrated for cuprizone nodel
applications, luciferase imging signal fromspinal cord could be used in
the experinental allergic Encephalitis (EAE) nodel of MS or applied as a
spinal cord nodel. WD 2011/084281PCT/ US2010/ 058823 40 C ai ns



S5What is clained is: 1. A nethod of nonitoring denyelination or
remyelination in a living | organism said nethod conprising:
transgeniweal2by/oswxdiif yi ng said organismto express a | ucipCenss@ogssses driven
through a 10nmyelin basic protein (MBR0 pronoter; nonitoring biolum nescence
fromsaid organism and correlating said |ight output to specific portions
of the body of said organism 2. The nethod of claim1l wherein said nodel
organismis a manmmal . 15 3. The method of claim2 wherein said mammal is a
nouse. 4. The nmethod of claim 1 further conprising: repeating, in
the sane organism said nonitoring atClaimsne discrete fromsaid initial
20nmonitoring; and conparing outputs of said nonitoring events to observe
change in nyelination in the same organism 5. The nethod of claim4,
further conprising: 25imagi ng signal normalization through denyelination or
renyelination intervals, wherein said inmaging through intervals is

ef f ext i WWhabisddaiswd ishanges in the | evel of MBP transcript in said organi sm
over said intervals. 6. A transgenic organismconprising a |luciferase
gene driven through a nyelin basic 30protein (MBP) pronoter.

1. A method of monitoring demyelination or remyelination in a living | organism, said

method comprising:

transgenically modifying said organism to express a luciferase gene driven through a
10 myelin basic protein (MBP) promoter;

monitoring bioluminescence from said organism; and

correlating said light output to specific portions of the body of said organism.

2. The method of claim 1 wherein said model organism is a mammal.
15

3. The method of claim 2 wherein said mammal is a mouse.

4. The method of claim 1 further comprising:

repeating, in the same organism, said monitoring at a time discrete from said initial
20 monitoring;

and comparing outputs of said monitoring events to observe change in myelination in

the same organism.

5. The method of claim 4, further comprising:
25 imaging signal normalization through demyelination or remyelination intervals,
wherein said imaging through intervals is effective to detect changes in the level of

MBP transcript in said organism over said intervals.

6. A transgenic organism comprising a luciferase gene driven through a myelin basic
30 protein (MBP) promoter.

7. The transgenic organism of claim 6 wherein said organism is a mouse.



7. The transgenic organismof claim6 wherein said organismis a nouse. WO
2011/ 084281PCT/ US2010/ 058823 41 8. A transgeni c organi sm expressing a

| uci f er aswogenas4msai d | uci ferase gene under control of a&cmysken/obssss c
protein (MBP) pronoter. 9. The transgenic aninmal of claim8 wherein said
nodel organismis a nouse. 5 10. The transgenic organismof claim®6
wherein said MBP prompter cont ai ns ML t hrough M. 11. The transgenic

0
T e Bt e Pl R A B e ety L e P e v
has whi tconirai ofamyhllmbasmBmtelal(MBH)SﬂeroTere met hod of claim 12 wherein

hair of said manmal absorbs less |ight within a wavel ength range of 530-640
nm than C571B6. 14. A nethod for devel oping a bioinmaging strain conprising:

20(1) sef elfHéﬂﬂ&w@én‘u@gnlmhl‘d‘ﬁb%hn@wﬁéﬁ%%@' rﬁoHBIL@@ah%ﬂgls”Qr’rﬁiusé peak of
post natal nyelination shows CNS specific imaging; (2) selecting a line in

whi ¢ch ex vivo imagi ng confirnms |uciferase transgene expression mainly in

the whi tFO.rﬁ t%nsg%% Ogrg% |str)ﬁ %{‘ daith 65\Bhgraelln ggldcl\ﬂBP promoter contains M1
through M4.

11. The transgenic organism of claim 6 wherein said MBP promoter contains M1
10  through M3.

12. The method of claim 1 wherein said organism is a mammal and said mammal has

white hair or diminished hair.

15 13. The method of claim 12 wherein hair of said mammal absorbs less light within a
wavelength range of 530-640 nm than C57/B6.

14. A method for developing a bioimaging strain comprising:

20 (1) selecting a line in which in vivo whole mouse imaging at a peak of post natal

myelination shows CNS specific imaging;

(2) selecting a line in which ex vivo imaging confirms luciferase transgene

expression mainly in the white matter region of brain or spinal cord;

(3) selecting a line in which the luciferase image intensity is highly correlated with
25 changes in demyelination and remyelination induced in a demyelination model;

and

(4) selecting a line which shows clear histological demyelination as a model.

15. The method of claim 14 wherein said peak of post natal myelination is

30 approximately 3-5 weeks G1 mice.



(3) selecting a line in which the luciferase image intensity is highly
correlated with 25changes in denyelination and remyelination induced in a
denyel i navoaniwsami; and (4) selecting a |ine which shorsTalSea@/058823

hi st ol ogi cal denyelination as a nodel42 15. The method of claim 14
wherein said peak of post natal myelination is 30approximately 3-5 weeks Gl
mce. WO 2011/ 084281PCT/ US2010/ 058823 42 16. The nethod of claim 14

wher ei n sahﬁ Fm@ellneitr%cf“.o?‘b@éiﬁ??ﬁe\mﬁg?ﬁ's‘:a’i@%&&lrﬁ?dﬁlcuglrizone deni]elig%@n

met hod of claim 1 wherein said net nonitors effect a conmpound on b5at
| east one deadetl i nation or remyelination event. 18. The method of claiml1
wherein said nethod nonitors effect of a gene event. 19. An

i mproved nethod for nonitoring nmyelination, the inprovenment conprising
10i magi ng a transgeni c ani mal expressing MBP-luciferase. 20. A nethod that

reduces vanyabhé infethbd oféRlimnMeivhereis SHR @&thctRindnitBis &b @RI dovhpslind on
nmonitoring MBP controlled luciferase in an aninmal at at |east two discrete
t i meboi nt sat leest one deryetipatiyonieneyalination @entei n a specific portion of the
body of said organismis selected fromthe group consisting of peripheral
nervous system and central nervous system

18. The method of claim 1 wherein said method monitors effect of a gene event.

19. An improved method for monitoring myelination, the improvement comprising

10 imaging a transgenic animal expressing MBP-luciferase.

20. A method that reduces variability in myelination studies, said method
comprising monitoring MBP controlled luciferase in an animal at at least two

discrete timepoints.
15

21. The method of claim 1 wherein a specific portion of the body of said organism
is selected from the group consisting of peripheral nervous system and central

nervous system.



