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Abstract
Background:  Animal models have provided an important tool for the study of neurological disorders, such as
Parkinson’s disease. To date, however, no high throughput techniques have been available for the specific
visualization of catecholaminergic neurons in vivo.

Methods:  Here, we generated transgenic mice with a 4.5 kb tyrosine hydroxylase promoter driving a firefly
luciferase reporter gene by pronuclear injection.

Results:  Though variations were observed between generated lines, those selected demonstrated
bioluminescence in the olfactory bulb, hypothalamus/medial forebrain bundle, locus ceruleus, and ventral
midbrain, consistent with known areas of tyrosine hydroxylase expression. Additionally, expression of
luciferase was observed in certain non-catecholaminergic brain regions, with overall highest expression
observed in the dorsal midbrain.

Conclusions: To our knowledge, these mice represent the first reported animals created with a
neurotransmitter system-specific promoter controlling expression of a bioluminescent reporter molecule.
This strategy may facilitate future studies of dopaminergic neuron neurodegeneration and neuroprotection.
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Introduction
Tyrosine hydroxylase (TH) catalyzes the first and rate-limiting step in the biosynthesis of catecholamine
neurotransmitters: hydroxylation of the amino acid tyrosine into dihydroxyphenylalanine (dopa). From
dopa, sequential enzymatic reactions yield dopamine (DA), norepinephrine (NE), and epinephrine (EPI). 
Together, DA, NE, and EPI make up the major neurotransmitter constituents of catecholaminergic pathways
in the central nervous system (CNS). CNS catecholamines play a role in a wide array of functions, such as
motor movement, learning, memory, emotion, and sleep. As such, catecholaminergic neurons are implicated
in a number of disorders, including Parkinson’s disease (PD), schizophrenia and autonomic disorders.

In particular, PD is characterized largely by the gradual loss of TH-expressing dopaminergic neurons in the
substantia nigra pars compacta (SNc). Although advances in symptom management, such as levo-dopa
therapy [1] and deep brain stimulation [2] have arisen, no treatments currently exist to halt progression of
PD or replace lost SNc DA neurons. Stopping the loss of DA neurons in the SNc or transplanting DA neurons
into the striatum has been the focus of intensive investigation.

Translational studies for PD treatment often utilize animal models, many of which involve DA neuron loss in
the SNc by the actions of selective neurotoxins [3-4]. These in vivo models of PD can be useful when studying
neuroprotective compounds [5-6] and cell replacement strategies [7]. The models have also provided the
impetus for a number of clinical trials [8]. A key outcome measure in animal studies of neuroprotection and
cell replacement is the observation of a relatively high number of DA neurons in treatment groups compared
to non-treatment controls.

Conventional approaches to quantitative evaluation of  DA neuron numbers over time include
immunohistochemistry (IHC) and micro positron emission tomography (microPET); recently, MRI-based
techniques have also been described [9-10]. Although microPET and MRI provide detailed anatomical
information, they are expensive, time-consuming, and not readily available to most investigators [11]. IHC
studies, therefore, represent the current gold standard for anatomic resolution and cell number tabulation.
Unfortunately, IHC does not allow for longitudinal investigations of safety and efficacy in individual
animals. Rather, each analysis point requires sacrifice of a discrete animal cohort. To date, development of
an efficient, economical, and non-invasive technique to quantify the relative number of viable dopaminergic
neurons in living animals has remained an elusive goal.
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Bioluminescent reporter systems employing luciferase enzymes have been demonstrated to provide a safe,
high-throughput, low-cost, quantifiable serial imaging system of disease processes [12-13]. Luciferases have
been shown to produce long-lasting, localizable signals in mammalian cells [14] with the relatively long
wavelength of most luciferase-mediated reactions providing robust tissue penetration. These properties
have led many groups to use luciferase for tracking cells in vivo, including several studies that have used the
enzymes intracranially [15-16].

In this study, we used a firefly luciferase reporter to create transgenic mice with quantifiable
bioluminescence in TH-positive neurons. These mice express firefly luciferase transcriptionally regulated by
the 4.5 kb rat TH promoter. The bioluminescence patterns of these mice include expression patterns
previously described using the 4.5 kb TH promoter to drive placental alkaline phosphatase (TH-AP) [17]. To
our knowledge, these TH-Luc mice represent the first transgenic animals with a neurotransmitter system-
specific promoter driving expression of a luciferase reporter gene. This strategy may prove useful to PD
research by allowing for bioluminescence-based quantification of relative DA cell numbers in the SNc or in
in vitro assays. Furthermore, mice expressing luciferase under DA-specific promoters have potentially
valuable applications in dopaminergic cell replacement studies as a source of stem cells or primary DA
neurons that can be tracked non-invasively. 

Abbreviations
AP- alkaline phosphatase 

CB- cerebellum 

CMV- cytomegalovirus 

CNS- central nervous system 

CTX- cerebral cortex

DA- dopamine 

DAT- dopamine transporter 

DM- dorsal midbrain

dopa- dihydroxyphenylalanine 

EPI- epinephrine

H/MFB- hypothalamus and medial forebrain bundle 

HF- hippocampal formation 

IHC- immunohistochemistry 

LC- locus ceruleus 

Luc- luciferase 

NE- norepinephrine 

OB- olfactory bulbs

PD- Parkinson’s disease 

ROI- region of interest 

SNc- substantia nigra pars compacta 

STR- striatum

TH- tyrosine hydroxylase 

UTR- untranslated region  
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VM-ventral midbrain 

Materials And Methods
Animals
All animals were housed and maintained in accordance with the Guide for the Care and Use of Laboratory
Animals of the Public Health Service, and guidelines set by the University of Minnesota Institutional Animal
Care and Use Committee. They were housed under specific pathogen-free conditions with ad libitum food
and water and were exposed to 12 h/12 h light/dark cycles. Measures were taken to minimize the number of
animals used and to avoid animal suffering. Wild type mice were FVB/N, obtained from Jackson Laboratories
(Bar Harbor, Maine). Positive control CMV-Luciferase mice were obtained from Xenogen Corporation
(Hopkinton, MA).

Generation of TH-Luc transgenic mice
For construction of the pβ-globin4.5TH-Luc plasmid (Fig. 1), the β-globin marginal element from
pCpGvitro-neo-mcs G2 (Invivogen Corp, San Diego, CA) was amplified by polymerase chain reaction (PCR). 
PCR primers were designed to add MluI restriction enzyme sites to both ends of the PCR product.  The PCR
product was gel purified using the UltraClean GelSpin DNA Purification Kit per the manufacturer’s
instructions (Mo-Bio Laboratories, Carlsbad, CA) and subcloned into the pCR2.1TOPO TA vector (Invitrogen,
Carlsbad, CA). The pCR2.1-β-globin construct was digested with MluI; resultant fragments were then
purified and ligated into the p4.5TH-Luc plasmid that was linearized beforehand by digestion with MluI. The
p4.5TH-Luc plasmid (a kind gift from Dona M. Chikaraishi, Duke University) contained the North American
firefly (Photinus pyralis) luciferase controlled by a 4.5 kb rat TH 5’ flanking sequence [17].

Plasmid DNA for pronuclear injection was prepared from pβ-globin4.5TH-Luc by linearization with HpaI.
Digested DNA was isolated by agarose gel electrophoresis and visualized using crystal violet. Linear DNA
was extracted from the gel as described above.  Extracted fragments were precipitated twice with ethanol
and then resuspended in injection buffer (5 mM Tris [pH 7.4] and 0.1 mM EDTA). DNA was dialyzed against
four liters of injection buffer overnight in a Slide-a-Lyzer Cassette (Pierce, Rockford, IL). Dialyzed DNA was
quantified using an UV spectrophotometer, visualized on an agarose gel, and adjusted to a concentration of
2 ng/ml. The DNA was then injected into the pronuclei of FVB/N embryos by the Mouse Genetics Laboratory
at the University of Minnesota. Microinjected oocytes were subsequently transferred into the oviducts of
pseudopregnant FVB/N foster mothers.

Genotyping and in vivo screening
Genomic DNA was isolated from the resultant mice by phenol extraction from tail biopsies. DNA
concentrations were quantified using a UV spectrophotometer, then 500 μg of the isolated DNA was
amplified by PCR. PCR primers (TH-Luc sense – ACGCGTGGTTGAACTGCTGATT; TH-Luc antisense –
CCCAAATGCCAGAGCAATTAGCC) were designed to amplify a 683 bp segment of the transgene encoding the
β-globin marginal element and a portion of the TH firefly luciferase coding sequence. PCR revealed twelve
TH-Luc founder lines of mice that carried the transgene.  These twelve TH-Luc mouse lines were maintained
as heterozygotes on a FVB/N background. The F1 offspring of the 12 founder lines were again screened by
PCR to verify germline transmission.

Transgene presence was functionally assessed by bioluminescence imaging with a Xenogen IVIS 50 Imaging
System. F1 offspring of the 12 founder lines were sedated with 0.5 mg/g Avertin (1 g 2,2,2-tribromo
ethanol/5 ml 2-methyl-2-butanol in 80 ml dH2O) via intraperitoneal (i.p.) injection. Mice were then injected

with 50 μl in vivo D-luciferin (i.p.; 30 mg/ml in PBS; Gold Biotechnology, St. Louis, MO). At 10 min post-
luciferin, mice were imaged with the exposure time set to five minutes. Imaging elucidated six lines of mice
with quantifiable photon emission (Fig. 2). The offspring from these six lines were screened at four to seven
weeks by bioluminescence imaging using the aforementioned procedure.

Bioluminescence imaging
All images were captured with an IVIS 50 Imaging System using a five minute exposure time. To quantify
and localize photon emission in live, intact animals, mice were anesthetized by i.p. injection with avertin
(250mg/kg), then injected i.p. with the substrate for the luciferase enzyme (luciferin 150 ul of 28.5 mg/ml
stock [Xenogen]). Fur was removed over the area of interest with clippers or Nair (Church & Dwight Co,
Princeton, NJ). For non-survival imaging studies involving dissection and brain removal, mice were
anesthetized with an overdose (2ml/kg, i.p.) of a ketamine/xylazine cocktail (53.7 mg/ml ketamine and 9.26
mg/ml xylazine). After anesthesia, mice were given a 150 μl (screening studies) or 500 μl (dissection studies)
i.p. bolus of 28.5 mg/ml stock D-luciferin (Xenogen). At five minutes post-luciferin, mice were imaged in one
of the following positions: full body dorsal, full body ventral, head dorsal, head ventral. In some cases,
multiple images were captured sequentially to qualitatively assess the distribution of bioluminescence at
different stages of dissection. All images were collected within one hour of luciferin injection and
comparison images between lines were captured at the same timepoint after luciferin injection, usually in
the same exposure.

2011 Dodd et al. Cureus 3(8): e34. DOI 10.7759/cureus.34 3 of 12



When appropriate, post mortem removal of the skin dorsal to the skull and the dorsal skull plates was rapidly
performed to expose the surface of the brain. Following in situ imaging, the brain was removed and either
reimaged, frozen over dry ice in Tissue-Tek O.C.T. (Ted Pella Inc, Redding, CA) and/or dissected as necessary.
If dissected, coronal and parasagittal segments were cut to be 2-4 mm thick. Between each dissection step,
images were captured; image start times ranged from 5-46 min post-luciferin injection. 

After image capture, Xenogen Living Image software v.2.50.2 was used to visualize and quantify

bioluminescence. Bioluminescence was measured in photons/sec/cm2/steradian (p/sec/cm2/sr) within a
defined region of interest (ROI). ROI ovals were placed so as to maximize the signal measured over the area
desired.

Microdissection and in vitro luminometry
After anesthetic overdose, whole brains from sex and age-matched line 928, 887, wild type (WT) and
cytomegalovirus promoter-controlled luciferase (CMV-Luc) transgenic mice were removed and immediately
frozen at -86° C in Tissue-Tek O.C.T. as described above. Frozen brains were later thawed and

microdissected using a dissecting microscope to isolate 0.01 - 0.03 cm3 tissue samples; isolated tissue
samples were subsequently refrozen at -86° C in microcentrifuge tubes. Frozen tissue samples were thawed
and 5:1 v:v of Glo Lysis Buffer (Promega, Madison, WI) was added to each tube. Immediately after addition
of the Glo Lysis Buffer, the tissue samples were physically dissociated using a pipette for one minute and
then incubated for five minute at RT. After incubation, the samples were subjected to one freeze-thaw cycle
over dry ice, spun down, and the supernatant was isolated.

To analyze luciferase activity in brain areas of interest 20 ul aliquots of tissue sample supernatant was
combined with 20 ul of in vitro Bright-Glo luciferin (Promega, Madison, WI) for 10 min. Luminescence was
measured for 10 s on a Lumat LB 950 luminometer (Berthold Technologies GmbH & Co KG, Bad Wildbad,
Germany). Bradford protein assays were performed on 10:290 dilutions of tissue sample supernatant
aliquots using Coomassie Plus (Thermo Scientific, Rockford, IL). RLU per µg of protein was then determined
for each sample.  All data points were included in analysis unless identified as outliers by Grubbs’ test.
Results were graphed as mean and SE of CMV-luc (n=6), WT (n=4), line 928 (n=4) and line 887 (n=2 or n=4,
depending on region; SE bars not included for regions where n=2). When appropriate, statistical
comparisons were performed using 2-tailed student’s t-tests. A threshold for significance was set at p<0.05.

Results
The aim of this study was to create a mouse exhibiting quantifiable bioluminescence in catecholaminergic
neurons, including DA mesencephalic cells. Accordingly, TH-Luc mice were created by microinjection of the
linear pβ-globin4.5TH-Luc plasmid fragment (Fig. 1) into fertilized FVB/N mouse oocyte nuclei. Six TH-Luc
transgenic lines were obtained that exhibited quantifiable luciferase expression as adults (Fig. 2).

FIGURE 1: Transgene Construct
The pβ-globin4.5TH-Luciferase DNA fragment used to generate TH-Luciferase mice by pronuclear injection.
The 7.8kb fragment consisted of a 4.5 kb 5’ flanking sequence of the rat TH promoter driving expression of
firefly luciferase (fLuc). The promoter and transgene are flanked by an upstream rabbit β globin insulator and
downstream by a 3’ untranslated region (UTR) followed by simian virus 40 polyadenylation signal (SV40pA).
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FIGURE 2: Six TH-Luciferase positive founder lines
Sequential imaging of whole mice dorsally (A: 5 min post-luciferin) and ventrally (B: 11 min post-luciferin), and
of brains isolated from the same animals (C: 36 min post-luciferin); ROIs ellipses enclose the area of highest
bioluminescence over the skull (A, B: 3.14 cm2), caudal brain (C: 1.02 cm2), and olfactory bulbs (C: 0.41 cm2).

Analysis of gross TH-Luc expression patterns
Whole-body imaging of the TH-Luc mice revealed luciferase expression over the vertebral column, eyes,
rostral skull, caudal skull, and snout in most but not all of the six selected lines (Fig. 2A). When mice were
imaged ventrally, bioluminescence was detected over the snout and anogenital area in all lines (Fig. 2B).

Bioluminescence on the dorsal brain surface of whole brains (Fig. 2C, 3B) was concentrated over the
olfactory bulbs (OB) in lines 887, 893, 918, the ventral midbrain (VM) in 887, 893, 918, and 928, caudal brain
stem in lines 887, 893, 928, and a diffuse signal was also seen emanating from the cerebral cortex (CTX) in
887, 893, 928  and 946. No significant luciferase activity was evident upon imaging the brain of line 886. Line
918 was significant for much stronger external bioluminescence than brain bioluminescence.
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FIGURE 3: Cranial bioluminescence outside the brain
Bioluminescence was detected in structures immediately ventral to the brain. Removal of the brain revealed
dorsal brain expression consistent with previous experiments (A; 35 min post-luciferin) and bioluminescence
in the trigeminal nerve (A, B; 35 min post-luciferin). The bioluminescence scale was adjusted in all images
marked with (*) to facilitate anatomical localization.

Grossly, the highest midbrain luciferase expression levels appeared to be present in lines 928 and 887, which
were thus selected for further analysis. The patterns of external luciferase activity were comparable in these
lines, though line 887 exhibited greater overall levels of bioluminescence, with particularly strong
bioluminescence over the OB.

In dissection studies of animals from lines 928 and 887, incision and reflection of the scalp revealed a
concentrated area of expression over the caudal skull (data not shown).  To assess the possible contribution
of extra-axial structures to overall bioluminescence, the cranial cavity was exposed by removal of the brain
and dorsal skull plates. Dorsal imaging of the residual cranial cavity revealed a high level of luminescence in
the trigeminal nerve (Fig. 3A, 3B). No other structures in the residual cranial cavity appeared to exhibit
significant bioluminescence.

Analysis of luciferase activity in the brains of TH-Luc mice
For further localization of bioluminescence to specific neural structures, bioluminescence imaging following
coronal (Fig. 4) and sagittal (Fig. 5) gross brain sectioning was performed in lines 928 and 887. Exact
localization of structures in gross slices was necessarily limited by the imprecise nature of the gross slice
procedures; shown labels in Figure 4 and Figure 5 are approximate.
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FIGURE 4: Luciferase expression patterns in coronal brain slices
From top to bottom, coronal slices were cut from one mouse of each line in a rostral to caudal manner (line
887: A-D; line 928: E-H). Bioluminescence identifies areas of luciferase activity. Approximate anatomical
landmarks are indicated (H/MFB, hypothalamic area including medial forebrain bundle; VM, ventral midbrain;
LC, locus ceruleus; DM, dorsal midbrain). The bioluminescence scale was adjusted in all images marked with
(*) to facilitate anatomical localization. Images were captured at 30 min (C, D, G, H) or 36 min (A, B, E, F) post-
luciferin administration.
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FIGURE 5: Luciferase activity patterns in parasagittal brain slices
TH-Luciferase transgenic mice (line 887: A, B; line 928 C, D). The bioluminescence scale was adjusted in all
images marked with (*) to facilitate anatomical localization. Images were captured 46 min post-luciferin
administration.

Taken together, however, imaging of these gross slices were notable for particularly robust expression in the
dorsal midbrain (DM). VM expression was evident at a lower level. OB expression, while robust in line 887,
appeared less prominent in line 928. In vitro luminometry was additionally performed following
microdissection of frozen brain samples (Fig. 6).
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FIGURE 6: Quantification of luminescence from microdissected samples
Microdissected brain regions of WT, CMV-Luc, and TH-Luc lines 928, and 887 mice plotted on a semi-log (A),
or linear (B). Tissue samples were isolated from areas corresponding to those indicated in figures 4 and 5.

Brains were halved, and microdissected samples were obtained from each hemisphere, permitting two
samples to be obtained from each mouse for each location. Sample numbers were: WT (n=4), CMV-luc (n=6),
line 887 (n=2 or 4, depending on area), and line 928 (n=6). Locations examined included cerebellum (CB),
hippocampal formation (HF), hypothalamus (including the medial forebrain bundle; H/MFB), locus ceruleus
(LC), striatum (STR), OB, DM (including the superior and inferior colliculi), and VM (including the substantia
nigra and ventral tegmental area). No differences were observed in levels of luciferase activity between areas
in WT mice or in CMV-luc mice. Overall, measured bioluminescence levels were five-logs higher in samples
from CMV-luc than WT mice in examined regions. Bioluminescence measured from microdissected samples
of TH-luc lines 928 and 887 fell roughly midway between CMV-luc and WT mice when depicted on a log plot
(Fig. 6A).

To facilitate visualization of measured difference between areas in lines 887 and 928, a linear graph
including only these two lines was also prepared (Fig. 6B). Results appeared to correlate appropriately with
findings evident from slice imaging; revealing, for example, stronger expression in the DM than in any other
region (p < 0.005, line 887), and proportionately weaker OB expression compared to other areas in 928 than
was the case for 887. For each area examined in which n > 3 for both lines (CB, HF, and H/MFB),
luminescence was significantly higher for 887 than 928 (p < 0.05). The area of highest expression was the
DM, though this expression was approximately two logs lower than that of any region in CMV-luc mice,
presumably consistent with the relatively low percentage of luciferase-expressing cells in the
microdissected TH-luc samples, and the strong nature of the CMV promoter.

Strong expression was also observed in the H/MFB, LC, and VM, of both lines. Though luciferase activity in
the OB for both lines exceeded that of other control areas, including CB, CTX, and HF, such activity in line
928 was proportionately weak compared to line 887.  STR, though not intended as a control area, proved to
have among the lowest levels of luciferase activity. The levels of bioluminescence observed in the lowest-
expressing areas of line 887 or 928 remained one to two logs higher than that observed in WT mice (Fig. 6A).

Discussion
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Here we report the generation and preliminary characterization of transgenic TH-Luc mouse lines
expressing firefly luciferase under control of the 4.5 kb rat TH promoter. Six lines were identified as to both
carry the transgene, and exhibit measurable levels of luciferase activity. The intensity and pattern of such
activity varied widely from line 918, with robust expression superficially, but relatively low expression
intracranially, to line 887, with highly robust intracranial expression relative to superficial expression. Two
lines, 887 and 928, were selected for further analysis. Both exhibited markedly greater luciferase activity in
all brain regions examined, compared to WT mice, with prominent expression in known areas of TH
expression, including VM, OB, LC, and H/MFB. However, the relative OB luciferase activity appeared
stronger in line 887 than 928. In both lines, luciferase activity was about two-fold higher in the DM than in
any other brain region, even though TH expression is not known to occur in the DM of adult animals.

Variability in the intensity of transgene expression between animals can likely be accounted for by varying
numbers of transgene copies leading to overall higher levels of expression in some animals than others, in
addition to differences in the location of construct integration, with those generated via integration in more
open chromatin exhibiting generally higher levels of expression. The marked differences in patterns of
expression between animals of different lines is perhaps also best explained by differences in location of
integration, with functional enhancers for different patterns of either appropriate (VM, OB, or cutaneous
autonomic and/or sensory fibers) being differentially available at the integration sites achieved in the
different lines.

Upon imaging of the dorsal brain, at least four of the lines demonstrated a focus of expression over the DM,
suggesting this to be a reproducible pattern resulting from use of the 4.5 kb TH promoter. TH expression
occurs in the tectum during development, with this region of the DM subsequently giving rise to the adult
superior and inferior colliculus. It would seem reasonable to speculate that a region of the full TH promoter
responsible for inhibition of TH expression in the adult DM is absent from the 4.5kb TH promoter. Indeed,
similar findings have been noted in prior publications of reporter genes driven by the 4.5kb TH promoter
[14, 17-22].

That much higher than WT levels of expression were observed in essentially non-dopaminergic brain
regions, such as the CTX and CB, may additionally argue for the failure of appropriate inhibition of
expression using the truncated promoter. Certain dopaminergic neurons from the ventral tegmental area are
known to project to the cortex, while certain cell populations in the CB transiently express dopamine during
embryogenesis; however, a much lower ratio of TH expression would be expected in these adult regions than
is observed in the TH-Luc lines 928 and 887.

Somewhat surprisingly, the level of luciferase expression was quite low in the STR, the projection area for
dopaminergic neurons of the substantia nigra. These nigrostriatal projections represent the ones that
degenerate in patients with PD leading to impairments in motor function. Quite strong levels of luciferase
activity were observed in the VM. As such, the lack of striatal luminescence could be explained by such VM
activity arising exclusively from the ventral tegmental area, with inappropriate lack of luciferase expression
in the SNc. Though subregion microdissections were not attempted to exclude this possibility, we consider it
more likely that luciferase is synthesized in the soma of nigrostriatal neurons, and that lack of active axonal
transport of luciferase, combined with rapid degradation of the labile protein at physiologic temperatures,
prevent active luciferase protein from diffusing far enough along nigrostrial projections to reach appreciable
levels in the STR. An available antibody against luciferase would facilitate further investigation of this
question; however, of all the commercially available luciferase antibodies that we, and others we consulted
with have tried, none have yielded adequate performance for application in IHC assays.

The TH-luc mice described herein were developed in part to assess the feasibility of imaging neuronal
subpopulations over time in living animals. While several groups have demonstrated the feasibility of
intracranial monitoring of luciferase-expressing tumors, very large numbers of strongly expressing cells in
these models may help surmount any normal difficulties in the visualization of intracranial
bioluminescence. Many fold higher luciferase expression was present in the trigeminal nerve than in even
the DM of line 928 (Fig. 3). Such expression, however, could be rendered unnoticeable under the normally
situated brain due to the light-scattering property of normal brain tissue [23]. Certainly, the presence of
strong DM expression in the presently described mice would preclude meaningful monitoring of luciferase
activity from any deeper structures.

Longer fragments of the TH promoter have been noted to enhance the specificity of reporter genes [7, 24].
Additionally, a knock-in mouse with the dopamine transport (DAT) linked to the enzyme cre recombinase
has recently been reported to have excellent specificity to dopaminergic neurons [25]. Development of mice
expressing firefly luciferase under such promoters may represent logical next steps to more critically assess
the feasibility of in vivo visualization of DA neurons in living mice. 

Conclusions
In sum, these TH-Luc mice represent the first step towards developing a strategy for in vivo imaging of DA
neurons. Future generations of such mice, which would ideally be marked by decreased an absence of DM
transgene expression, may have applications in the study of SNc DA cell degradation in PD facilitating the
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future investigations into therapies to halt DA cell loss. DA-bioluminescent mice, if successful, could serve
not only as valuable models for high throughput screening of neuroprotecitve compounds in lesion
paradigms, but also as a source of stem cells or primary catecholaminergic neurons for in vitro
toxopharmacology studies or in vivo transplantation studies. 
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