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Conditional gene targeting using UGP1-Cre mice
directly targets the central nervous system
beyond thermogenic adipose tissues
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ABSTRACT

Objective: Uncoupling protein 1 (UCP1) is a mitochondrial protein critical for adaptive thermogenesis in adipose tissues, and it is typically
believed to be restricted to thermogenic adipose tissues. UCP1-Cre transgenic mice are utilized in numerous studies to provide “brown adipose-
specific” conditional gene targeting. Here, we examined the distribution of Cre and UCP1 throughout the body in UCP1-Cre reporter mice.
Methods: UCP1-Cre mice crossed to Ai14-tdTomato and Ai9-tdTomato reporter mice were used to explore the tissue distribution of Cre
recombinase and Ucp7 mRNA in various tissues. UCP1-Cre mice were independently infected with either a Cre-dependent PHP.eB-tdTomato virus
or a Cre-dependent AAV-tdTomato virus to determine whether and where UCP1 is actively expressed in the adult central nervous system. In situ
analysis of the deposited single cell RNA sequencing data was used to evaluate Ucp7 expression in the hypothalamus.

Results: As expected, Ucp7 expression was detected in both brown and inguinal adipose tissues. Ucp7 expression was also detected in the
kidney, adrenal glands, thymus, and hypothalamus. Consistent with detectable Ucp7 expression, tdTomato expression was also observed in
brown adipose tissue, inguinal white adipose tissue, kidney, adrenal glands, and hypothalamus of both male and female UCP1-Cre; Ai14-
tdTomato and UCP1-Cre; Ai9-tdTomato mice by fluorescent imaging and qPCR. Critically, expression of tdTomato, and thus UCP1, within the
central nervous system was observed in regions of the brain critical for the regulation of energy homeostasis, including the ventromedial hy-
pothalamus (VMH).

Conclusions: TdTomato expression in UCP1-Cre; tdTomato mice is not restricted to thermogenic adipose tissues. TdTomato was also expressed
in the kidneys, adrenal glands, and throughout the brain, including brain regions and cell types that are critical for multiple aspects of central
regulation of energy homeostasis. Collectively, these data have important implications for the utility of UCP1-Cre mice as genetic tools to

investigate gene function specifically in brown adipose tissue.
Published by Elsevier GmbH. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. INTRODUCTION chain, leading to release of chemical energy as heat [5—7]. Beige or
brite (brown in white) adipocytes phenotypically appear like white

Adipose tissues maintain systemic energy homeostasis through the adipocytes, but when activated, they have the capacity to increase

storage and release of lipids and adipokines and contribute to whole-
body metabolic rate [1—3]. Within adipose tissues, there are at least
three different types of adipocytes: white, beige/brite, and brown [4].
White adipocytes have a unilocular appearance and function to store
energy. In contrast, brown adipocytes dissipate energy as heat through
a process known as adaptive thermogenesis and histologically have a
multilocular phenotype [4]. Brown adipocytes produce heat by utilizing
glucose and lipids, which results in increased energy expenditure. This
is accomplished by uncoupling protein 1 (UCP1), a protein localized to
the mitochondrial inner membrane which uncouples proton transport
across the inner mitochondrial membrane from the electron transport

UCP1 expression and thermogenesis and obtain a multilocular
appearance [8,9].

The role of UCP1 in the regulation of thermogenesis by brown adipose
tissue (BAT) is well established in small mammals that require non-
shivering thermogenesis for survival. Traditionally, UCP1 was
believed to be restricted to BAT or thermogenic adipocytes, and
numerous publications have used Cre recombinase driven by the UCP1
promoter to genetically alter expression of target genes in a BAT-
specific manner [10]. In addition to adipose tissue, there have been
multiple reports of Ucp7 mRNA expression in other tissues, including
the kidney [11], thymus [12,13], and brain [13—16]. Multiple studies
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have revealed neuronal UCP1 expression in animals, from amphibians
[15] to mammals [14]. While the potential role of UCP1 in these tissues
remains unclear, it is imperative to determine whether UCP1 is
expressed outside of adipose tissue depots, as it would have major
implications for the past and future use of UCP1 as a genetic driver to
manipulate gene expression in an adipose-specific manner. Using
multiple independent approaches, we show here that Cre expression in
UCP1-Cre mice is not restricted to BAT. We report that Cre expression
is observed in multiple areas throughout the central nervous system
(CNS) of UCP1-Cre mice. Single-cell RNA sequencing analyses reveal
that Ucp1 is indeed expressed in the hypothalamus during develop-
ment and in the adult brain. Cre expression is not restricted to ther-
mogenic adipocytes in UCP1-Cre mice, but is also expressed in regions
of the CNS which regulate metabolism in a bottom-up fashion. Phe-
notypes attributed to genetic deletions using this model must consider
potential direct effects on the CNS.

2. MATERIALS AND METHODS

2.1. Animals

B6.FVB-Tg (UCP1-Cre)1Evdr/J, referred to as UCP1-Cre (stock
#024670), Ai14-tdTomato (stock #007914) and Ai9-tdTomato (stock
#007909) mice were obtained from Jackson laboratory. According to
Jackson Labs, the UCP1-Cre mice were backcrossed to C57BL/6J for
at least 13 generations. Mice were housed at 22—23°C in a 12-h
light—dark cycle with ad libitum access to food and water. The an-
imals were 8—14 weeks old and not used for any other experiments.
Health status was normal for all animals. All experiments presented
in this study were conducted according to the animal research
guidelines from NIH and were approved by the University of lowa
IACUC.

2.2. Histology

Mice were transcardially perfused with saline followed by 4% para-
formaldehyde (PFA). Brain, heart, liver, pancreas, kidney, skeletal
muscle, and testes were post-fixed in 4% PFA overnight followed by
30% sucrose for 48 h. Adipose tissues, adrenal glands, and pituitary
glands were flash frozen in embedding media immediately following
dissection. Coronal brain sections (40 um) were collected using a
cryostat (Leica) and all other tissues were sectioned (10 wm) utilizing a
cryostat with cryo-jane system (Leica). For NeuN staining, free-floating
brain sections from UCP1-Cre; Ai14-tdTomato mice were incubated
with blocking solution (5% normal goat serum) for 1 h at room tem-
perature (RT), followed by primary antibody (Abcam, ab104225)
overnight at 4 °C. The following day, sections were incubated in goat
anti-rabbit 488 secondary antibody (Life Technologies) for 1 h at RT
and mounted onto slides. All tissue sections were mounted with
VECTASHIELD antifade mounting media with DAPI (Vector Labora-
tories) and imaged using an Olympus BX61 Light Microscope.

2.3. Viral injections

Four-week-old UCP1-Cre mice were anesthetized with isoflurane and
retro-orbitally injected with 10 pl of PHP.eB-pAAV-FLEX-tdTomato
(8 x 10" vg/ml). Following 4 weeks of recovery to allow for viral
spread, brains were collected for fluorescent imaging. 9-Week-old
UCP1-Cre mice were anesthetized with isoflurane and administered
AAV1-CAG-FLEX-tdTomato through bilateral stereotactic injection into
the VMH (AP -1.46; ML +/— 0.6; DV -5.3). Next, 1 pl of virus was
injected with an injection speed of 0.02 p/min. Following 3 weeks of

recovery to allow for viral spread, brains were collected for fluorescent
imaging.

2.4. Gene expression

Gene expression analyses were performed as described [17]. RNA was
isolated from the indicated tissues following Trizol (Invitrogen) protocol.
2 11g RNA from each sample were used to generate cDNA (High-Capacity
cDNA Reverse Transcription Kit; Life Technologies), and QPCR was
conducted using SYBR green (Invitrogen). QPCR primer sequences are
as follows: Ucp?: 5-AAGCTGTGCGATGTCCATGT-3/, 5'-AAGCCA-
CAAACCCTTTGAAAA-3', tdTomato: 5'-GGGAAGGACAGCTTCTTGTAAT-3/,
5'-CGAGGAGGTCATCAAAGAGTTC-3/, U36B4: 5'-CGTCCTCGTTGGAGT-
GACA-3', 5’ CGGTGCGTCAGGGATTG-3'

2.5. In silico analysis of deposited single-cell RNA sequencing

To evaluate the expression of Ucp1 in the adult ventromedial hypothal-
amus (VMH), a publicly available dataset [18] (Mendelay Data, SMART-
seq_VMH) was downloaded and loaded into the R package Seurat
(v4.0.1). Within the VMH dataset, Ucp1-expressing cells were extracted
and SCTransform was performed. Expressions of different marker genes
were then evaluated in Ucp7-expressing cells. Developmental expression
of Ucp1 in the hypothalamus was evaluated using the whole dataset from
a study exploring the developmental gene expression at the single cell
level in the hypothalamus ([19], GEO: GSE132730), again using the R
package Seurat to visualize Ucp1 expression during development. The
raw choroid plexus single cell and single nucleus RNA sequencing
dataset [20] was downloaded from Gene Expression Omnibus
GSE168704. After loading in the dataset, we followed the Seurat
SCTransform pipeline to normalize, scale, and find variable features.

2.6. Tissue clearing, imaging, and processing

An augmented DISCO protocol was used to clear whole brain tissue of
UCP1-Cre; Ai14-tdTomato and Cre negative control mice [21,22]. Mice
were anesthetized and transcardially perfused with pH 9.5 saline
followed by pH 9.5 PFA. After post-fixing in PFA overnight, the brains
were washed 3 times in saline and dehydrated with 50% tetrahy-
drofuran (THF) in dH,0 for 24 h. Every 24 h the brains were transferred
to a higher concentration of THF (50%, 70%, 80%), all at pH 9.5.
Brains were incubated in 100% THF for 48 h, and the solution was
replaced every 12 h to maximize tissue THF concentration. After the
final incubation in 100% THF, brains were transferred to dichloro-
methane (DCM) for 3 h followed by BABB-D15 for 4 h [23]. All steps
were performed at 4 °C in the dark. After transferring brains to a new
solution, argon gas was flowed over the sample to minimize oxygen
interaction with the sample. Cleared brains were imaged in BABB-D15
using a light sheet fluorescence microscope (LaVision BioTec Ultra-
microscope ll) interfaced with an Andor Neo sCMOS camera, an
Olympus MVX10 zoom microscope body, and MVPLAPO 2x dipping
cap. Whole brain three-dimensional images were achieved using a
3 x 3 mosaic tile scan of a 2x optical zoom and a z-stack with step
size of 2.5 um. The raw lossless TIFF files of the collected tile scans
were stitched using the ImspectorPro software and reconstructed into
three dimensions with Imaris File Converter. Images and movies of
brain samples were captured with Imaris.

2.7. Data analysis

Data were analyzed using Excel or GraphPad Prism and statistical
differences between groups were determined by Student’s t-test or
two-way ANOVA using Sidak’s correction for multiple comparisons.
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3. RESULTS

3.1. Cre expression is not restricted to thermogenic adipose tissue
in UCP1-Cre mice

To examine the efficacy and specificity of Cre expression in UCP1-Cre
mice, we crossed UCP1-Cre mice to either Ai14 Cre-dependent
tdTomato reporter mice (UCP1-Cre; Ai14-tdTomato) or Ai9 Cre-
dependent tdTomato reporter mice (UCP1-Cre; Ai9-tdTomato) to
identify tissues that express Cre. As expected, both male and female
UCP1-Cre; Ai14-tdtomato (Figure 1A, Supplemental Fig. 1A) and UCP1-
Cre; Ai9-tdtomato mice (Supplemental Fig. 2) exhibited abundant
tdTomato signal in the brown adipose tissue (BAT), and to a lesser
extent in the inguinal white adipose tissue (iWAT). TdTomato signal
was also detected in the kidney, adrenal glands, and brain in male and
female UCP1-Cre; Ai14-tdTomato (Figure 1A, Figure 2A, Supplemental
Fig. 1A) and UCP1-Cre; Ai9-tdTomato mice (Supplemental Figs. 2 and
3). Within the brain, tdTomato expression was abundantly expressed in
the ventromedial hypothalamus (VMH), amygdala, and parafascicular
thalamic nucleus (PF) (Figure 2A, Supplemental Fig. 3A). Whole-brain
imaging following tissue clearing from UCP1-Cre; Ai14-tdTomato mice
confirmed extensive expression of tdTomato throughout the brain
(Supplemental Videos 1 and 2), including the choroid plexus, which
also exhibits Ucp7 mRNA expression in a deposited single cell RNAseq
dataset [20] (Supplemental Fig. 3B) and histologically (Supplemental
Fig. 1B). Fluorescent tdTomato signal was not observed in the
epididymal white adipose tissue (eWAT), pituitary gland, liver,
pancreas, skeletal muscle (Sk. Muscle), or heart from male or female
UCP1-Cre; Ai14-tdTomato mice (Figure 1A, Supplemental Fig. 1A). To
confirm and extend our fluorescent imaging from UCP1-Cre; Ai14-
tdTomato tissue, we collected additional tissues from UCP1-Cre;
Ai14-tdTomato male mice and Cre negative littermate controls to
determine whole body mRNA expression of Ucp? and tdTomato.
Consistent with imaging data, fdTomato mRNA expression was
detected in the BAT, iWAT, kidneys, adrenal glands, and hypothalamus
in UCP1-Cre mice relative to Cre negative littermate controls
(Figure 1B). Ucp? mRNA expression was also detected in the BAT,
iWAT, kidneys, adrenal glands, and hypothalamus (Figure 1C). Taken
together, these data indicate that Ucp7 and Cre expression are not
exclusive to thermogenic adipose tissues in UCP1-Cre mice.

3.2. UCP1 is expressed in the adult central nervous system

To examine whether UCP1 is actively being expressed in the adult
mouse brain, we injected UCP1-Cre male mice with either a PHP.eB
pAAV-FLEX-tdTomato virus, which labels cells, predominantly neurons,
throughout the CNS that actively express Cre recombinase [24], or a
Cre-dependent AAV1-CAG-FLEX-tdTomato virus directly into the VMH.
Consistent with UCP1-Cre; tdTomato reporter mice, UCP1-Cre mice,
but not wild-type mice, infected with PHP.eB pAAV-FLEX-tdTomato
virus exhibited robust tdTomato expression throughout numerous re-
gions of the CNS including the VMH (Figure 2B and Supplemental
Fig. 4). Robust tdTomato fluorescence was also observed in the
VMH of UCP1-Cre mice bilaterally administered an AAV1-FLEX-tdTo-
mato virus by stereotaxic injection (Figure 2C). These data indicate that
UCP1 is actively expressed in the CNS.

3.3. UCP1 is expressed in the hypothalamus throughout
development

To further examine the expression of UCP1 within the CNS, we utilized
deposited single-cell RNA sequencing (ScCRNAseq) datasets. To
investigate developmental expression of Ucp7 in the hypothalamus, we
assessed Ucp? mRNA expression across different developmental
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stages of hypothalamic development at single cell resolution using a
dataset derived via the Drop-seq methodology [19]. When assessing
Ucp1 expression in the concatenated data from this study involving
multiple developmental stages (E15-P23), it appears Ucp1 expression
is primarily restricted to neurons (Figure 3A). To confirm that UCP1 is
predominantly expressed in neurons, we immunostained UCP1-Cre;
Ai14-tdTomato brain tissue with the neuronal marker, NeuN. As ex-
pected, a majority of tdTomato + cells within the VMH (Figure 3B) and
amygdala (Figure 3C) colocalized to neurons. While Ucp1 is not widely
expressed during embryonic development, Ucp1 expression appears to
peak at post-natal day 10 (P10) in adolescent mice (Figure 3A). Within
this dataset (of 51,199 cells), only ~0.1% of cells expressed Ucp1.
Ucp1 expression in the CNS is relatively low, and even sensitive
scRNAseq protocols cannot often detect transcripts is some cells,
which is termed dropout events [25].

Given the abundant expression of tdTomato observed in the VMH
(Figure 2A—C, Supplemental Fig. 3A, Supplemental Videos 1 and 2),
we wanted to further investigate Ucp7 expression at the single cell
level in the VMH of adult mice. We analyzed Ucp? expression in a
dataset (of 4,574 cells) which used the SMART-seq methodology to
profile the transcriptomes of single cells of the VMH of adult mice [18].
Consistent with SMART-seq detecting a larger number of expressed
genes compared to Drop-seq [26], 1.1% of Ucp1-expressing cells
were identified in this dataset. This number reflects the percentage of
cells expressing Ucp? in the adult VMH and does not include the
number of cells expressing Ucp? or Cre recombinase (Figure 2A,
Supplemental Fig. 3A, Supplemental Videos 1 and 2) throughout
development (e.g., P10). In the adult VMH, Ucp1 expression is exclu-
sive to Slc17a6™ (Vglut2) neurons (Figure 3D) which is consistent with
previous work demonstrating that most neurons in the VMH are glu-
tamatergic [27,28]. However, when profiling the expression of neu-
ropeptides involved in regulation of appetite, we found that the majority
of Ucp1™ neurons express transcripts for anorectic neuropeptides
(Adcyap1, Bdnf, Cartpt, Pdyn, Pomc, Tac1) while exhibiting very little, if
any, expression of transcripts for orexigenic peptides (Agrp, Ghrh,
Penk, Gal, Hert, Npy) (Supplemental Fig. 5).

4. DISCUSSION

The identification of thermogenic adipocytes in adult humans [29—31]
has spawned numerous studies to evaluate the origins, regulation, and
therapeutic potential of these exciting regulators of energy balance.
Although classical brown adipocytes and beige/brite adipocytes do not
share a common cellular progenitor [32—34], they both express the
thermogenic protein UCP1 which is a critical regulator of adipocyte
thermogenesis. With the development of the UCP1-Cre transgenic line
in 2014 [10], investigators began exploring the role of various factors in
thermogenic adipocyte function in vivo. In some cases, the phenotype
of these animal models was compared to mice lacking a gene of in-
terest from all adipose tissues using the Adiponectin-Cre transgenic
mice. However, this has not occured in some other studies. Our finding
that the UCP1-Cre line drives recombination of conditional alleles in
non-thermogenic adipocyte cells, including central brain regions that
regulate metabolism, has important implications for past and future
studies to explore brown adipocyte function.

The expression of UCP1 in the VMH represents a potential confound of
important consideration when attempting to interpret the metabolic
phenotypes observed when UCP1-Cre mice are used to drive “tissue-
specific” expression. The VMH is an important site for the regulation of
energy homeostasis through modulation of both energy expenditure
and food intake [35]. While the hypothesis that the VMH can function
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Figure 1: Peripheral and central expression of UCP1 in UCP1-Cre; Ai14-tdTomato male mice. (A) Representative fluorescence imaging for tdTomato expression in brown adipose
tissue (BAT), inguinal white adipose tissue (IWAT), epididymal white adipose tissue (€WAT), kidney, pituitary gland, adrenal gland, liver, pancreas, skeletal muscle (Sk. Muscle), heart and
testes from WT and UCP1-Cre positive male mice. (B—C) Relative tdTomato (B) and Ucp7 (C) mRNA levels in the BAT, iWAT, eWAT, adrenal gland, skeletal muscle, kidney, hypo-
thalamus, thymus, intestine and pancreas from WT and UCP1-Cre; Ai14-tdTomato male mice (n = 6/group). Values are mean +/— SEM. * = P < 0.05 compared with WT.
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WT UCP1-Cre WT UCP1-Cre
Ai14-tdTomato Ai14-tdTomato Ai14-tdTomato Ai14-tdTomato

VMH

Amygdala | |Pos. Hypo

PF

B. WT, PHP.eB-FLEX-tdTomato UCP1-Cre; PHP.eB-FLEX-tdTomato

C. WT; AAV-FLEX-tdTomato UCP1-Cre; AAV-FLEX-tdTomato

Figure 2: Central expression of UCP1 in adult mice. (A) Representative fluorescence imaging of tdTomato in the ventromedial hypothalamus (VMH), posterior hypothalamus,
amygdala and parafascicular thalamic nucleus (PF) from WT and UCP1-Cre; Ai14-tdTomato male and female mice. (B) Representative fluorescence imaging of tdTomato in the VMH
of 8-week-old male WT and UCP1-Cre male mice infected with a PHP.eB-FLEX-tdTomato virus. (C) Representative fluorescence imaging of tdTomato in the VMH of 12-week-old
WT and UCP1-Cre male mice administered an AAV1-CAG-FLEX-tdTomato virus bilaterally into the VMH by stereotactic injection. 3V = third ventricle.
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Figure 3: In silico analysis of central UCP1 expression. (A) Expression of Ucp1 in the hypothalamus throughout development. (B—C) Representative fluorescence imaging of
tdTomato and NeuN in the (B) ventromedial hypothalamus (VMH) and (C) amygdala of UCP1-Cre; Ai14-tdTomato mice. (D) Violin plot of single-cell RNA sequencing analysis of
relative mRNA expression in UCP1-expressing neurons. 3V = third ventricle.
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as a satiety center has been long proposed, albeit not without
contention, the identification of a specific neuron population within the
VMH which mediates this function has yet to be demonstrated. In this
study, we observe that Ucp7t cells in the VMH appear to favor
expression of transcripts encoding anorectic hormones. Neuronal
UCP1 expression in other animals, including carp [15] and ground
squirrels [14], is critical for the regulation of thermogenesis when
environmental temperatures are low. It has been suggested that the
VMH is important for thermoregulation in response to cold in rabbits
[36]. Together, this data suggests that neuronal UCP1 expression
within the VMH may also regulate thermogenesis in response to cold
exposure. However, while our in situ analysis and immunostaining
suggests that UCP1 is predominantly restricted to neurons, we cannot
exclude the possibility that UCP1 may also be expressed in glial cells.
Although Ucp7 mRNA expression is observed in neurons, the level of
Ucp1 in the CNS is markedly lower than what is observed in ther-
mogenic adipose tissues. It is interesting to speculate that UCP1 may
function in neurons to regulate reactive oxygen species as opposed to
regulating heat production as it does in brown adipose tissue [37].
Future studies using specific targeting of UCP1™ neurons in the VMH
will be critical to determine the contribution of this population to
regulation of metabolism.

In addition to the brain, Ucp7 and tdTomato were also detected in the
kidney and adrenal gland of UCP1-Cre; tdTomato mice. This is
consistent with previously published data suggesting expression of
UCP1 in these tissues [11,38]. Within the kidney, it has been demon-
strated that UCP1 is expressed in renal tubular epithelial cells and that it
functions to inhibit oxidative stress [11]. In contrast, a potential role of
UCP1 in the adrenal glands remains unclear, although its expression
does not appear to be regulated by cold exposure [38]. Some of the
tdTomato signal in the adrenal gland is due to auto-fluorescence as
there is also observable tdTomato signal in Cre negative control adrenal
gland tissue. The adrenal glands are imbedded in perirenal adipose
tissue, which expresses UCP1; therefore, some of the Ucp? mRNA
signal detected by qPCR may be due to small amounts of residual
adipose tissue. Nevertheless, as an organ responsible for producing
essential metabolic hormones, including epinephrine, norepinephrine,
cortisol, and aldosterone, it will be critical to confirm that target gene
expression is unaltered in the adrenal gland following gene knockout
utilizing UCP1-Cre mice, and to determine whether adrenal UCP1
expression has any physiologically relevant function.

Here we have characterized UCP1 expression in tissues from B6.FVB-
Tg (UCP1-Cre)1Evdr/J mice. However, there have been several other
mouse lines driven by the UCP1 promoter. The first UCP1-Cre mouse
model was developed in 2001 with a transgene that consisted of Cre
cDNA inserted near exon 1 of the UCP1 gene, as well a portion of the 5’
UTR, and part of exon 3 and exons 4—6 downstream of Cre [39]. It was
later reported that this line had issues with specificity [10]. In contrast,
the B6.FVB-Tg(Ucp1-cre)1Evdr/J line investigated here was engi-
neered using a bacterial artificial chromosome (BAC) construct con-
taining the entire UCP1 gene, including key regulatory elements, with
Cre recombinase inserted into the translation initiation site of exon 1
[10]. An inducible Tg(UCP1-Cre/ER)426Biat mouse line has also been
generated using a BAC transgenic approach. In these animals, the
administration of tamoxifen removes a stop cassette, thereby allowing
expression of Cre in any cell that is currently expressing UCP1 [40].
While this line may eliminate off target genetic manipulations due to
the developmental expression of UCP1, future studies are needed to
determine whether this model also expresses Cre in non-adipose
tissue cells that actively express UCP1 in the adult mouse as we
have shown to be the case in several tissues, including the brain.

I

MOLECULAR
METABOLISM

We have used multiple independent approaches to demonstrate that
Cre expression in UCP1-Cre mice is not exclusive to thermogenic
adipose tissue. We observe both Ucp? expression and tdTomato
fluorescence in non-adipose tissues, including the brain, kidney, and
adrenal glands. UCP1 expression in the brain is not restricted to
development as post-natal administration of Cre-dependent reporter
viruses confirmed central UCP1 expression in the adult mouse. Phe-
notypes attributed to genetic deletions utilizing UCP1-Cre mice must
consider potential direct effects on the CNS.
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