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Abstract

Oxidative stress plays a key role in obesity by modifying the function of important biological
molecules, thus altering obesogenic pathways such as glucose and lipid signaling. Catalase, is an
important endogenous antioxidant enzyme that catabolizes hydrogen peroxide produced by the
dismutation of superoxide. Recent studies have shown knockdown of catalase exacerbates insulin
resistance and leads to obesity. We hypothesized that overexpressing catalase in an obese mouse
will modulate obesogenic pathways and protect against obesity. Therefore, we bred catalase
transgenic ([Tg(CAT)*~] mice with Ob/Ob mice to generate the hybrid “Bob-Cat™ mice. This
newly generated “stress-less” mouse model had decreased oxidative stress (oxidized carbonylated
proteins). ECHO-MRI showed lower fat mass but higher lean mass in “Bob-Cat” mice.
Comprehensive Lab Animal Monitoring System (CLAMS) showed light and dark cycle increase
in energy expenditure in Bob-Cat mice compared to wild type controls. Circulating levels of leptin
and resistin showed no change. Catalase MRNA expression was increased in key metabolic tissues
(adipose, liver, intestinal mucosa, and brain) of the Bob-Cat mouse. Catalase activity, mMRNA and
protein expression was increased in adipose tissue. Expression of the major adipokines leptin and
adiponectin was increased while pro-inflammatory genes, MCP-1/JE and IL-1p were lowered.
Interestingly, sexual dimorphism was seen in body composition, energy expenditure, and
metabolic parameters in the Bob-Cat mice. Overall, the characteristics of the newly generated
“Bob-Cat” mice make it an ideal model for studying the effect of redox modulators (diet/exercise)
in obesity.
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1. Introduction

Rates of cardiometabolic diseases including obesity and Type 2 diabetes (T2D), are rising in
developed and developing nations [1, 2]. In the United States of America (U.S.A), obese
individuals make up approximately 35% of the population and the levels will continue to rise
without appropriate interventions [2, 3]. The obese phenotype is a consequence of a number
of factors including genetics [2, 4] as well as environmental influences [1, 5]. Both of these
factors impact physiological processes and the function of biological molecules within an
individual. When homeostasis is disrupted, body function is compromised. Redox stress is
an imbalance between antioxidants and oxidants, leading to detrimental effects, such as
increased production of oxidative species, alterations in signaling pathways, increased
inflammation, and eventually cell death. Redox stress is known to play a role in various
metabolic diseases including obesity [6, 7].

Increased free radical generation (redox stress) leads to a progressive accumulation of
oxidative damage leading to increased adiposity stemming from an imbalance between pro-
oxidants and antioxidants [7-10]. Increases in fat mass, manifested as an increase in white
adipose tissue (WAT), increases oxidative stress/oxidant production and results in an obese
phenotype [11] characterized by a BMI (Body Mass Index) = 30kg/m? [12]. The obese
phenotype is accompanied by mitochondrial dysfunction and increased lipid peroxidation in
adipose tissue, further leading to the dysfunction of other metabolic tissues such as liver,
muscle, [11, 13] gut, and brain [14].

Strong evidence of the redox theory in obesity stems from research concentrated in models
with high levels of adiposity and altered appetite regulation as a result of increased oxidative
stress [15, 16]. Rodent body weight changes were shown to alter appetite regulation with
alterations in oxidative stress markers [17]. Redox stress has also been implicated in the
process of adipogenesis [18]. Adipose dysfunction results in abnormal levels of adipokines
and cytokines secreted into circulation, such as leptin, adiponectin, resistin, monocyte
chemotactic protein-1 (MCP-1/JE), and interleukin 1 beta (IL1p). These molecules play key
roles in appetite and metabolic function, as well as inflammatory processes [19, 20]. In turn,
this can further impact superoxide release and promote oxidative stress [21, 22]. These
molecules also mediate their effects by acting on immune cells leading to local and
generalized inflammation thus impacting obesity related disorders (hypertension, diabetes,
atherosclerosis, and insulin resistance) [23].

The body activates defense systems such as the endogenous antioxidants in order to
counteract and prevent the negative consequences of increased redox stress. Antioxidants are
able to catabolize reactive oxidants and yield products that are less reactive/toxic. Numerous
studies have focused on the role of antioxidants in inhibiting disease pathways caused by
increased levels of free radical production [24, 25]. Catalase is one of the major endogenous
antioxidant enzymes that detoxify the reactive oxygen species (ROS) hydrogen peroxide
(H205) to water and oxygen. Overexpression of catalase was shown to be beneficial in
numerous studies. Our earlier studies have shown a role for catalase overexpression in the
prevention of oxidative damage in vascular cells [26, 27] and in vivo in diet-induced
atherosclerosis and exercise intervention in LDL r—/— mice [28]. Other evidence includes
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studies where mitochondria targeted catalase showed a delay of cancer progression by
attenuation of mitochondria-generated H»O5 signaling [29]. A cardiac-specific
overexpression of catalase protected from oxidative stress and displayed evidence of delayed
cardiac aging in mice [30]. In regard to obesity, a mouse model expressing mitochondria
specific catalase on a high fat diet displayed attenuated mitochondrial ROS emission,
preserved insulin signaling, and no inflammatory response compared to wild type controls
[11]. This may be because overexpression of endogenous catalase was shown to regulate the
polarization of macrophages within adipose tissue and thereby inhibiting inflammation and
insulin resistance [31]. On the other hand, mice devoid of antioxidant catalase developed an
obese, prediabetic phenotype that was exacerbated with age [32]. All these evidences
suggest catalase as an ideal candidate for modulating redox stress in obesity.

Since high redox stress is one of the major hallmarks of obesity [8], we hypothesized that
excess catalase (antioxidant) expression would suppress redox stress mediated obesogenic
pathways. In this study, catalase transgenic [Tg(CAT)*/~] mice [33, 34] expressing 3—4 fold
higher levels of catalase were bred with the heterozygous, leptin deficient, Ob/Ob mice to
create a hybrid that expresses high levels of catalase in an obese background (“Bob-Cat”
mice). This newly generated mouse model showed sex specific changes in redox stress and
metabolic parameters. Our results suggest that this “stress-less” mouse model can be used as
a good model to study the effect of modulators of redox stress (diet or exercise) on
obesogenic pathways.

2. Materials and Methods

2.1 Generation of “Bob-Cat” Mice

A successful breeding colony of the catalase transgenic [Tg(CAT)*/~] mice has been
established in our laboratory (a generous gift of a breeding pair from Drs. Arlan Richardson
and Holly Van Remmen at the University of Texas Health Sciences Center in San Antonio,
TX). The transgenic model that overexpresses Catalase was originally generated in C57BI6
mice using a 33kb human CAT (ACAT) gene as well as the 41kb of 5" and the 6 kb of 3’
flanking regions. This mouse model was the first transgenic model with increased catalase
expression in all tissues [34].

Using the well-established colony at our facility, [Tg(CAT)*/~] mice and the heterozygous
Ob/+ mice (homozygous Ob/Ob are a leptin resistant, sterile model which spontaneously
develops obesity — Jackson Labs, B6.V-Lep/°/J) were bred to engineer a novel mouse
model with the goal of further understanding the mechanistic effect of lowering redox stress
(by increasing catalase) on obesogenic pathways. Through cross-breeding the two
genotypes, we developed a mouse model expressing the #CAT gene with a genetically obese
background called “Bob-Cat” mice. The “Bob-Cat” mouse model was generated by
following the breeding plan as described in Figure 1A. Four breeding pairs of the catalase
transgenic mice [Tg(CAT) */~] were crossbred with Ob/+ mice (purchased from Jackson
Labs) (2-male [Tg(CAT)*/~] mice x 2-female Ob/+ mice or 2-male Ob/+ mice x 2-female
[Tg(CAT)*-] mice) allowing the generation of the novel hybrid “Bob-Cat” mice. Once the
first generation was established, four breeding pairs were used to sufficiently generate
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hybrid F2 pups for creating the F3 generation. Both F2 and F3 generation mice were used
for further study purposes.

2.2 Characterization of “Bob-Cat” Mice

The newly generated hybrid “Bob-Cat” mice were compared to: i) Catalase transgenic
[Tg(CAT) */~] mice that over-express the ACAT gene by approximately 3—4 fold in
comparison to C57BI6 [33], ii) wild type/C57BI/6J mice (Jackson Lab stock number
000664) and iii) Ob/Ob (Jackson Lab stock number 000632), leptin resistant obese mice
purchased from Jackson Laboratories (Bar Harbor, MA). Ob/Ob mice are homozygous for
the mutant ob gene. They increase in weight rapidly after 4 weeks of age, and can become
up to three times the size of their parent strain C57BI6 [35]. Along with accumulation of fat,
Ob/Ob mice express hyperphagia, hyperglycemia, glucose intolerance, elevated plasma
insulin [35], and increased hormone production from both pituitary and adrenal glands. The
mice are hypometabolic, hypothermic, (Jackson Laboratory) and immunosuppressed [36].
Due to the subfertility of Ob/Ob mice [37], the heterozygous Ob/+ mice are generally used
for breeding. All mice were maintained on “standard chow” (Lab Diet Rodent Chow 5001)
consisting of 30% protein, 13% fat, and 57% carbohydrate ad libitum. In the present study,
the care and use of animals was conducted according to protocols approved by Marshall
University IACUC.

2.3 Genotyping

Four weeks post-birth, animals were ear marked for identification and genotyped by
collecting approximately 3—4 mm of the tail and isolating DNA. Tails were lysed in 300 pL
of tail lysis buffer and 15 pL of proteinase K then placed overnight in a 55 C water bath
followed by centrifugation for 10 min. at 12,0009 at room temperature. The supernatant was
placed in another eppendorf tube with 300 UL of 100% isopropanol. The tube was
centrifuged again at 12,0009 for 5 min at room temperature to pellet the DNA. Pellets were
dried and subsequently washed with 500 pL of 95% ethanol (EtOH) and centrifuged 5 min.
at 12,000g. EtOH was discarded and the DNA pellets were air dried. 10 uL of Tris-EDTA
(TE) Buffer was added to each tube and then all samples were placed into a 37 C water bath
5-10 min. until the DNA was completely suspended. DNA was quantified by NanoDrop
(Nanodrop Technologies Inc., Thermo Scientific, Wilmington, DE, USA). For genotyping,
0.25 ug (1 pL) of each DNA sample was added to a reaction mix of 18.125 pL RNase free
H,0, 2.5 pL of 10X i Taq Buffer, 0.75 pL of MgCl, 50 mM, 0.5 pL dNTP mix 10 mM, 1 pL
forward primer, 1 UL reverse primer, 0.125 uL i Tag DNA polymerase to prepare for
amplification of DNA in the BioRad MyiQ (BioRad, Hercules, CA). PCR protocol was
conducted as described in previous publications [34, 38]. Catalase primers: E12F: 5'-
GAGGTCCACCCTGACTACGGG-3" and E13R: 5-GCCTCCTCCCTTGCCGCCAAG-3’
[34]. Primers for Ob gene characterization: RFLP-F: 5’-
TGAGTTTGTCCAAGATGGACC-3"; RFLP-R: 5"-GCCATCCAGGCTCTCTGG-3’;
WtLep-F: 5'-AATGACCTGGAGAATCTCC-3"; and Lepob-R: 5'-
GCAGATGGAGGAGGTCTCA-3’ [38]. After amplification by PCR, agarose gel
electrophoresis was used to determine the presence of the ACAT gene (450bp), and the Lep
Ob genes (heterozygous Ob with WT-specific primer bands at 191 and 104bp and bands at
191 and 123bp for ob-specific primers; homozygous Ob if band at 191bp for Wt-specific
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primer and bands at 191 and 123bp for the Ob-specific primer). Catalase bands were
detected on a 1.2% agarose gel and Ob related bands were detected by use of a 3% agarose
gel that also contained Ethidium Bromide (EtBr) that had been electrophoresed at 100V for
approximately one hour. Bands were detected using the ChemiDoc and Image Lab Software
(BioRad, Hercules, CA) (Suppl. Figure 1).

2.4 Body Weight and Body Composition (fat and lean mass)

[Tg(CAT)*~] and Bob-Cat mice were weighed weekly from weaning until 20 weeks of age
to determine differences in growth rate prior to full development. Growth rates of C57BI6
and Ob/Ob mice were derived from studies conducted at Jackson Laboratory (where animals
were purchased). Body composition (fat and lean mass) was determined using magnetic
resonance imaging, ECHO-MRI (Magnetic Resonance Imaging) (Houston, TX). Mice were
singly entered in the MRI machine and five measurements were performed on each mouse.
The median values of fat and lean mass were computed per mouse, averaged per genotype,
and subsequently compared to one another by one-way ANOVA.

2.5 Metabolic Parameters Using Comprehensive Lab Animal Monitoring System (CLAMS)

Metabolic parameters were measured indirectly by determining Volume O, consumption
(VO,) and Volume CO, production (VCO»), respiratory exchange ratio (RER) as well as X-
Ambulatory counts (X AMB) using the CLAMS system (Columbus Instruments, Columbus,
OH, USA). Mice were supplied with a sufficient amount of ground standard chow (Lab Diet
Rodent Chow 5001) for the duration of the analysis (three days). Computations were made
on the middle 48 hours of the three day CLAMS procedure that the mice were subjected to,
from approximately 0600 hours of the first day to 0600 hours of the third day. Heat
production/energy expenditure (EE), RER average, average food intake (FI) per day, as well
as X-Ambulatory locomotor activity per day (counts of movement made across the cage)
were determined for each mouse in all groups. Group averages were compared by using a
one-way ANOVA.

2.6 Tissue Collection

Animals were anesthetized using isoflurane after overnight fasting. Blood was taken by
cardiac puncture, centrifuged, separated into red blood cells (RBC’s) and plasma. Tissues
(kidney, lung, skeletal muscle, heart, adipose, liver, intestinal mucosa (IM), and brain) were
removed, weighed, and flash frozen in liquid nitrogen, followed by storage at =80 C.

2.7 Blood Analysis

Whole blood was used to measure fasting glucose levels by a Precision Xtra Glucometer.
Blood was then centrifuged for 10 min. to separate the plasma and RBCs. 35 pL of plasma
was placed on a Cholestech cassette and read on a LDX Cholestech Machine (Cholestech
Corporation Hayward, CA) to determine Glucose, High Density Lipoprotein (HDL), Low
Density Lipoprotein (LDL), Total Cholesterol (TC), and Triglyceride (TG) levels. The
remaining plasma was frozen at —80 C.
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Circulating levels of IL6, TNF a, MCP-1/JE, Insulin, Leptin, and Resistin were measured in
the plasma of C57BI6, [Tg(CAT)*/~], and Bob-Cat mice by the use of a Milliplex Mouse
Adipokine Array (Millipore) on a Luminex 200 system (Luminex Corp, Austin, TX).

2.8 Catalase RNA Expression

Catalase gene expression in various tissues (kidney, lung, muscle, heart, adipose, liver,
intestinal mucosa (IM), and brain) of C57BI6 (C), [Tg(CAT)*~] (T), and Bob-Cat (B) mice
(male and female) was evaluated by PCR and agarose gel electrophoresis. Total RNA was
isolated using Tri-Reagent (Sigma). RNA concentration was measured by the use of the
NanoDrop 1000 (NanoDrop Technologies Inc., Thermo Scientific, Wilmington, DE, USA)
followed by RT-PCR for amplification (BioRad, Hercules, CA). Samples were evaluated for
both Human (#CAT) and Mouse (mCAT) Catalase using 1.2% agarose gel electrophoresis in
comparison to the housekeeping gene B-Actin. Primers used were as follows: Human
Catalase (WCAT) (Accession Number: NM-001752) Forward: 5 -acatggtctgggacttctgg-3”
and Reverse: 5’ -tttgcaataaactgcctcee-3”; Mouse Catalase (mCAT) (Accession Number:
NM-009804) Forward: 5’-agtcttcgtcccgagtetetc-3” and Reverse: 5'-
ctggtcggtcttgtaatggaa-3”. B-Actin (Accession Number NM-007393) Forward: 5’-
ctacctcatgaagatcctcaccga-3” and Reverse: 5”-ttctecttaatgtcacgcacgatt-3.” Bands were
detected using the ChemiDoc and Image Lab Software (BioRad, Hercules, CA).

2.9 Abdominal Adipose Tissue mMRNA Expression

RNA was isolated from 100 mg of visceral (abdominal) adipose tissue (WAT) using TRI
Reagent according to the manufacturer’s recommended protocol (Sigma). Concentrations of
RNA were measured by use of the NanoDrop 1000 (NanoDrop Technologies Inc., Thermo
Scientific, Wilmington, DE, USA). Reverse transcription of total RNA (1 pg) was performed
using iScript™ cDNA Synthesis Kit (Bio-Rad Hercules, CA, USA). RT-qPCR was
conducted using iQ SYBR™ Green Supermix (Bio-Rad). The mouse primers for catalase,
leptin, adiponectin, MCP-1/JE, IL1pB, and p-Actin include: Catalase (Accession Number:
NM-009804) Forward: 5’-agtcttcgtcccgagtctete-3” and Reverse: 5”-ctggtcggtettgtaatggaa
-3”. Leptin (Accession Number: NM-008493) Forward: 5’ -ctcatgccagcactcaaaaa -3 and
Reverse: 5’-agcaccacaaaacctgatce -3.” Adiponectin (Accession Number NM-009605)
Forward: 5’-gcagagatggcactcctgga -3 and Reverse 5”-cccttcagctectgtcattee -3.” MCP-1/JE
(Accession Number: NM-011333.3) Forward: 5’-ttccttcttggggtcagcacagac -3” and Reverse
5’-actgaagccagctetetcttecte -3.” 1L1B (Accession Number: NM-008361.3) Forward: 5°-
aggagaaccaagcaacgaca -3 and Reverse 5’-tgggtgtgccgtctttcatt -3.” B-Actin (Accession
Number NM-007393) Forward: 5’-ctacctcatgaagatcctcaccga -3” and Reverse: 5'-
ttctccttaatgtcacgceacgatt -3.” RT-gPCR was performed in the Bio-Rad MyiQ or Bio-Rad
CFX Connect™ instrument. All samples were run in duplicates or triplicates. Results were
calculated using the Pfaffl Equation (222¢%) [39], and expressed as fold change compared to
the control wild type/C57BI6 mice.

2.10 Western Blot

Approximately 50 mg of WAT was homogenized in 100 pL Radioimmunoprecipitation
assay buffer (RIPA buffer) supplemented with protease inhibitor cocktail. Protein
concentrations were determined by the Lowry Method [40]. Based on these concentrations,
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predetermined amounts of protein (40-50 ug) per sample were prepared in loading buffer
(90% Laemmli and 10% 2-mercaptoethanol) and boiled for 5 min. Samples were run on a
SDS-PAGE and separated on 12% or 12.5% EZ Run Protein Gel Solution (Fisher), at 120V
for 60-90 minutes. Electrophoretic transfer of the proteins onto a nitrocellulose membrane
was performed at 100V for 60 min. on ice. Thermo Scientific Memcode Stain: Pierce
MemCode™ Reversible Protein Stain Kit was then used as a loading control. Membranes
were blocked with 1X Tris Buffered Saline (1X TBST), 0.05% Tween 20, pH 7.6, and 5%
dry milk for one hour at room temperature. Blots were then incubated overnight at 4 C with
rabbit anti-bovine catalase antibody (1:3000 in 1X TBST and 5% dry milk) (VWR
Rockland) which cross-reacts with both mouse and human catalase. After washing with 1X
TBST, membranes were incubated with secondary anti-rabbit 1gG (1:1000) in 1X TBST and
5% dry milk for 60 min. at room temperature. The immunocomplex was detected with
Luminata™ Forte Western HRP (Millipore, Billerica MA). Densitometry of the bands was
quantified using BioRad Image Lab Software (BioRad, Hercules, CA) and normalized to
MemCode Stain of total protein in each lane.

2.11 Catalase Enzymatic Activity

2.12 Protein

Catalase enzymatic activity was measured according to the method of Aebi [41]. A standard
curve was first generated using 1-5 units of bovine catalase (Sigma, 9001-9502).
Approximately 50 mg of abdominal adipose tissue from each mouse was homogenized in
100 pL of 50 mM KH5POy, 5 ug/uL Aprotinin, and 2 pL of 0.1 M PMSF. Appropriate
dilutions were made and 8 uL of each homogenate was added to 1 mL of 25 mM Hydrogen
Peroxide (H,0,) solution (Sigma) and analyzed on a Shimadzu Spectrophotometer for one
minute. Initial rate of disappearance of H,O, was recorded at a wavelength of 240 nm
during the 1 minute (A240 nm/min). Each sample was analyzed in duplicate or triplicate.
Change in absorbance was recorded for each tissue sample and specific activity was
calculated based on protein estimation of the homogenate by the Lowry Method.

Carbonylation Using OxyBlot

Approximately 50 mg of abdominal adipose tissue per sample was prepared by denaturing
and derivatizing the proteins with a solution of 12% Sodium Dodecyl Sulfate (SDS) and
Dinitrophenylhydrazine (DNPH) according to OxyBlot (Millipore) protocol. Neutralization
solution was used to terminate the derivatization reaction after 15 min. The separation of
proteins was achieved using a 12.5% EZ Run Protein Gel Solution (Fisher) or 12% mini
PROTEAN TGX 12% (BioRad) at 100V for 50-60 minutes followed by transfer to a
nitrocellulose membrane at 100V for 90 minutes. To determine equal loading and transfer
efficiency, Pierce MemCode™ Reversible Protein Stain was used to visualize proteins in a
BioRad ChemiDoc and analyzed using BioRad Image Lab (BioRad, Hercules, CA). Non-
specific binding sites were blocked with 1X Phosphate Buffered Saline and Tween 20 (1X
PBST) and 10% Bovine Serum Albumin (BSA) rocking for one hour. A 1:500 dilution of
primary antibody, Rabbit-Anti-DNP (Millipore OxyBIlot Kit) was added and rocked
overnight at 4 C, followed by washes with 1XPBST. Blots were conjugated with a 1:300
dilution of goat anti-rabbit 1IgG (Horseradish Peroxidase conjugated) for one hour at room
temperature with rocking. Bands were visualized with Luminata™ Forte Western HRP
(Millipore, Millerica, MA) using BioRad Chemidoc and Image Lab (BioRad, Hercules,
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CA). OxyBlot data of oxidized proteins were expressed as the densitometric ratio of the
dinitrophyenylhydrozone (DNP) bands to total protein in each lane obtained by the
Memcode stain.

2.13 Statistical Analysis

Results for body composition and enzymatic activity are presented as mean +/- standard
error of the mean (SEM) and plotted using GraphPad Prism. One-way ANOVA and Multiple
Comparisons were used to evaluate the differences between the genotypes with Bonferonni
post-hoc analysis. p<0.05 was considered statistically significant. For RT-gPCR analysis,
expression was determined by use of the Pfaffl equation 222Ct [39] and represented as fold
change with significance denoted as differences in delta CT/genotype.

3. Results

3.1 Breeding Outcomes for the Bob-Cat Mouse Model

The breeding scheme depicted in Figure 1A was used to generate Bob-Cat mice for three
generations. Ratios of genotype of each generation of breeding pairs is depicted in Figure
1B. Approximately 50:50 ratios of males to females were observed in each of the F1-F3
generations. The first and second generations of pups were approximately 60% Bob-Cat
while the third generation, F3, consisted of 100% Bob-Cat. In addition to “Bob-Cat” which
is heterozygous for the ob gene, there was also the generation of mice that were
homozygous for the ob gene that overexpressed catalase (Big-Bob). However, this genotype
was rare in occurrence and was more skewed towards females than males (7% F1 and 2% F2
generations). In an effort to elucidate high antioxidant (catalase) effect in a leptin-resistant
model, we are continuing to cross-breed, to generate more homozygous ob mutant mice
overexpressing catalase.

3.2 Mouse and Human Catalase Gene Expression in Various Tissues

Bob-Cat (B) male and female mice were evaluated for the expression levels of human and
mouse catalase in various tissues and compared to C57BI6 (C) and [Tg(CAT)*~] (T) mice.
Mouse catalase (mCAT) as well as human catalase (#CA7) mRNA levels were analyzed and
compared by densitometry ratios to S-Actin using BioRad Image Lab (BioRad, Hercules,
CA). Male Bob-Cat mice generally had higher levels of ACAT in comparison to the other
genotypes of mice. However, levels of mCAT trended to be lower in comparison to the other
two genotypes (Suppl. Figure 2A-F). In general, female Bob-Cat mice showed no statistical
difference in ACAT across most tissues, but there was a trend for increase in the brain,
significant increase in the liver, and a decrease in muscle compared to C57BI6. Additionally
there was a decrease in intestinal mucosa (IM) in Bob-Cat compared to [Tg(CAT)*/]
(Suppl. Figure 2G-L). With regard to mCAT in female Bob-Cat mice, levels trended to be
lower except in the IM and brain where there was a significant increase in comparison to the
other genotypes analyzed.

3.3 Body Composition and Tissue Weight

As seen in Table 1A and 1B, both male and female mice that overexpress antioxidant
catalase have significantly lower body weight in comparison to the Ob/Ob mice (background
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of Bob-Cat mice) as do the control C57BI6 mice. However, body weights of the novel Bob-
Cat mouse were not significantly different from the C57BI6 or [Tg(CAT)*"] mouse. The
male [Tg(CAT)*~] mice on the other hand are slightly heavier than the C57BI6 mice at
adulthood as seen in Table 1A. No significant differences were seen between Bob-Cat mice
and C57BI6 or [Tg(CAT)*'~] with regard to liver and adipose weight, but as expected,
Ob/Ob adipose and liver weights were significantly heavier than all other groups (p<0.0001).
This effect was the same in both genders (Table 1A and 1B).

From 4 to 20 weeks of age, mice considerably gained weight. However, statistical
significance within the four genotypes of males is noted at 5 weeks of age between the
Ob/Ob mice and the other three genotypes (p<0.05) (Figure 2A). Female mice, shown in
Figure 2B, on the other hand, showed a significant difference in body weight beginning at 4
weeks between the Ob/Ob mice and every other genotype (p<0.0001). C57BI6 and Ob/Ob
body weights were obtained from Jackson Labs: (C57BL/6J https://www.jax.org/jax-mice-
and-services/straindata-sheet-pages/body-weight-chart-000664; B6 Cg-Lepob/J https://
WWW.jax.org/jax-mice-and-serviceccs/strain-data-sheet-pages/body-weight-chart-000632).

3.4 Body Composition (ECHO-MRI)

ECHO-MRI was used to determine the lean and fat mass of all genotypes. A significant
difference was observed in the fat mass of the Ob/Ob mouse group compared to both
genders of the other genotypes. The lean mass was observed to be greater (p<0.04) for each
male genotype that overexpresses antioxidant catalase in comparison to both C57BI6 and
Ob/Ob mice (Figure 3Al and A2), revealing a difference in body composition that should be
further investigated. In the female groups, Bob-Cat mice have a significantly higher fat mass
compared to [Tg(CAT)*/7], and lean mass compared to C57BI6 and [Tg(CAT)*/~] genotypes
(p<0.02) (Figure 3B1 and B2). The sex differences in body composition are intriguing and
worth investigating in the future.

3.5 Metabolic Parameters Analyzed By CLAMS

Although body weight and fat mass did not significantly differ between C57BI6 and mice
overexpressing antioxidant catalase, significant changes were seen in metabolic parameters
as determined by CLAMS within the adult genotypes (Figure 4). Overall (combination of
both light/dark cycles) analysis of CLAMS data showed that neither male nor female mice
significantly differed with regard to food intake (FI) per day. Significant differences were
observed in the energy expenditure levels and X AMB counts in male Ob/Ob mice compared
to the other genotypes. RER was not significantly different in either gender.

Independent analysis of CLAMS data collected during the light and dark cycle (Table 2 and
Figure 5), showed that the FI and RER did not significantly differ among genotypes of either
gender. However, significant differences in EE were seen among the male groups in both
light and dark cycles. Bob-Cats showed a trend towards higher levels and [Tg(CAT)*/"]
showed significantly higher levels of EE (p<0.008) compared to C57BI6 males. The same
trend was noted for the dark cycle where, Bob-Cats and [Tg(CAT)*/"] did have statistically
higher levels of energy expenditure in comparison to C57BI6 mice (p=0.021). In assessment
of physical activity, there was also a trend for higher levels of activity (X AMB) in Bob-Cat
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males in comparison to the Ob/Ob mouse group; most notably in the light cycle (Figure
5A1-A4). Ob/Ob male mice also had significantly lower activity levels (X AMB) in both the
light and dark cycles compared to [Tg(CAT)*/~] and C57BI6 mice (p<0.01) yet higher levels
of energy expenditure compared to all other groups (p<0.01). Within females, all measured
parameters with the CLAMS did not significantly differ between the groups except that X
AMB counts were much higher in the BobCat female group (p<0.04) compared to both
female C57BI6 and [Tg(CAT)*/~] in both light and dark cycles (Figure 5B1-B4).

Data comparing the Bob-Cat (het Ob/+) to Big Bob (homozygous Ob/Ob) genotypes mice
overexpressing catalase is displayed in Suppl. Table 1. Big Bob mice have significantly
higher body weight and fat mass. CLAMS data showed a trend toward an overall increase in
FI and decrease in X AMB (combined light and dark cycles) as well as significantly higher
levels of EE compared to the Bob-Cat mice.

3.6 Circulating Metabolic Profile

Blood glucose levels did not significantly differ between the Bob-Cat mice of either sex
compared to C57BI6 or [Tg(CAT)*/~] (Table 3A-3B). However, the Ob/Ob mouse group
had significantly higher levels of plasma glucose compared to all other genotypes. HDL and
TC levels were significantly elevated in both sexes of the Ob/Ob mouse strain compared to
all other genotypes. Interestingly, male [Tg(CAT)*'~] mice had significantly higher levels of
plasma TG (Table 3A) compared to the other male groups, while Bob-Cat mice were highly
similar to the C57BI6 control mice.

Milliplex Mouse Adipokine Array was used to measure circulating levels of IL6, TNF a,
MCP-1, insulin, leptin, and resistin in blood plasma. Results shown in Figure 6A revealed
that [Tg(CAT)*/~] and Bob-Cat mice trended to have similar levels of insulin. There were no
statistically significant differences for plasma levels of leptin or resistin which are two major
adipokines released from adipose tissue, between the control C57BI6 parent group and
mouse groups that over express catalase. The trend was similar in females (Figure 6B),
however, it is intriguing to note, the levels were higher compared to male groups. Ob/Ob had
significantly higher levels of insulin and resistin and very minimal leptin compared to all
other groups. Circulating levels of IL6, TNF a, and MCP-1 were either undetectable or no
trends were seen between mouse groups.

3.7 Catalase mRNA, Protein Expression, and Enzyme Activity in Adipose Tissue

Being a key metabolic tissue that plays a role in obesity, catalase mMRNA expression was
determined in visceral (abdominal) adipose tissue (WAT) obtained from both male and
female mice of all genotypes using RT-gPCR on a Bio-Rad MyiQ. In male mice, catalase
MRNA expression was upregulated by about 35 fold in Bob-Cat mice and was about 5 fold
higher in the Ob/Ob mice compared to C57BI6 (Figure 7A1). Western blot showed increase
in catalase protein in [Tg(CAT)*/] and Bob-Cat mice but lower levels in the Ob/Ob mice
(Figure 7B). Catalase enzyme activity, as determined by measuring the decomposition of
H,0,, showed varying activities in the adipose tissue (Figure 7C1). No significant
differences were detected, but mice expressing catalase and Ob/Ob mice trended to have
higher activity levels compared to C57BI6 mice.
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In contrast, females displayed no significant difference in catalase mMRNA and protein
expression in adipose tissue (Figure 7A2 and B). However, mice overexpressing catalase
trended to have higher levels within adipose tissue in comparison to C57BI16 and Ob/Ob
mice. With regard to enzyme activity, catalase activity in females was highest in the Ob/Ob
mice, but all genotypes trended to have higher levels than the C57BI6 mice (Figure 7C2).

3.8 Oxyblot Detection of Oxidized Proteins in Adipose Tissue

Oxidized carbonyl groups are a commonly used marker of oxidative stress. Carbonylation of
proteins in the adipose tissue was detected using oxyblot and evaluated based on
densitometry ratios for each genotype. Male [Tg(CAT)*/] had significantly lower (p<0.05)
and Bob-Cat mice trended to have lower levels of carbonylated proteins within adipose
tissue compared to the C57BI6 control group (Figure 8A1-3). However, Ob/Ob mice had
significantly higher levels of oxidized carbonyl groups than the Bob-Cat mice as well as the
other two genotypes within the males (p<0.001). Female Bob-Cat mice showed no
significant differences in oxidized proteins (Figure 8B1-3).

3.9 mRNA Expression of Metabolic Genes in Adipose Tissue

The mRNA expression of genes involved in adipose function: /eptin, adiponectin,
MCP-1/JE, and /L 1B was evaluated by RT-qPCR. In males, leptin, a key regulator of fat
mass, was increased by about 4 fold in [Tg(CAT)*/"], approximately 188-fold in the Bob-
Cat mice, and 88 fold in the Ob/Ob genotype compared to the C57BI6 controls (Figure
9A1). In female mice, there was a significant increase in leptin in both the Bob-Cat and
Ob/Ob mice; approximately 69 and 169-fold respectively (Figure 9B1).

Adiponectin, an anti-inflammatory adipokine which plays a key role in glucose and lipid
signaling was also increased in the male Bob-Cat mice compared to C57BI6 and
[Tg(CAT)*""] mice (Figure 9A2). A similar trend was also noted in female mice (p<0.05).
Female Bob-Cat mice had significantly higher adiponectin levels than C57BI6 mice
(p<0.01) followed by the Ob/Ob female mice (p<0.01) (Figure 9B2). Both IL1p and
MCP-1/JE, key pro-inflammatory adipokines, showed no significant differences between
any of the lean genotypes in either sex; however, increased levels were seen in Ob/Ob mice
(Figure 9A3-4, B3-4).

4. Discussion

Obesity, which is at its all-time peak worldwide, increases the risk to other metabolic
diseases such as T2D, dyslipidemia, hypertension and atherosclerosis [3, 10]. Adipose tissue
expansion and dysfunction is a hallmark of obesity. Over the years, researchers have
attempted to understand the pathophysiology of obesity and how it leads to increased
cardiometabolic diseases with the hope of finding preventive or treatment strategies [3, 7,
10]. Redox stress is one such common phenomenon that has been associated with obesity
and its co-morbidities and is attributed to excess adipose mass and metainflammation [22].

Mitochondrial generation of superoxide or hydrogen peroxide is a major intermediate
between intracellular metabolism and insulin signaling [42]. Modulating mitochondrial
energetics by using mito-targeted antioxidants or excess catalase, lowered metabolic and

Biochim Biophys Acta. Author manuscript; available in PMC 2018 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Amos et al.

Page 12

energy imbalance and improved insulin sensitivity [43]. Overexpression of superoxide
dismutase (SOD) in mice prevented insulin resistance but had very little impact on
mitochondrial function [44]. Except for studies that showed that overexpression of catalase
in a leptin resistant diabetic mouse model (db/db mice) prevented diabetic nephropathy [45-
47] and that catalase knockout mice developed obesity and prediabetic phenotype [32], the
effects of increased endogenous catalase expression in obesity models are understudied.

In this study, we successfully generated a new mouse model with an obese parent (Ob/Ob)
background that expresses the ACAT gene, named Bob-Cat. Due to its increased catalase
activity, it has lower “redox stress,” hence remains “stress-less.” As depicted in Figure 1 and
the representative pie charts, Bob-Cat mice (heterozygous to Ob and expressing ACal)
dominated the F2 and F3 generations. It was interesting to note that extremely low numbers
of mice homozygous for the Ob gene and carrying the catalase gene were obtained during
breeding. It is presumptive to assume that this skewness towards heterozygous mice might
be due to higher catalase expression.

Confirmation of increased catalase expression in key metabolic tissues (liver, IM, adipose,
and brain) of Bob-Cat mice makes this an excellent model to study obesogenic pathways.
Phenotyping showed no obvious differences in body weights between the genotypes at
weaning ages but ECHO-MRI showed obvious differences in body composition. There were
sex differences in overall fat and lean mass. Male Bob-Cat mice had a similar fat mass
compared to C57BI6 mice but lower compared to the Ob/Ob mice. In contrast, female Bob-
Cats, had a higher fat mass compared to [Tg(CAT)*/~]. The higher lean mass in male Bob-
Cat compared to C57BI6 mice and in female mice compared to both C57BI6 and
[Tg(CAT)*-] was intriguing. As expected, only Ob/Ob mice had a significantly higher body
weight and fat mass beginning at 4 weeks of age in comparison to C57BI6.

It has been shown that even though body weights may not be different, the metabolic
parameters may be functioning more efficiently in an individual with increased BMI. In
contrast, individuals whose BMI falls within a “normal range” may still be metabolically
unhealthy [48]. Therefore, we measured the metabolic parameters using CLAMS
technology, and determined the VO, intake, CO, output, RER (VCO4/VO,), EE (kcal/h),
average FI per day, and the X AMB (physical activity) within each genotype. Catalase
overexpression, by virtue of lowering redox stress levels, altering adipocyte secretion of key
adipokines, and modulating appetite regulation, was expected to increase EE and lower
levels of FI. FI did not differ significantly between any genotypes, however, the antioxidant
overexpressing mice trended towards decreased FI. Both groups of male mice that
overexpressed catalase, [Tg(CAT)*"] and Bob-Cat, significantly used more energy in heat
production. The [Tg(CAT)*~] genotype trended to have a higher activity level (though not
statistically significant) in comparison to the other two genotypes. This may be due to the
body’s response to the trend in higher body weight observed in adult [Tg(CAT)*~] mice.
The same could be noted for the Ob/Ob genotype. Heterozygozity of Lep®? mice has been
shown to display increased FI and altered glucose homeostasis, although mice did not differ
in body weights compared to wild type [49]. The adult Ob/+ mice had increased fat mass
compared to wild types which might be attributed to lower leptin protein production in these
mice [50]. Bob-Cat mice, in spite of its heterozygous Ob/+ genotype, did not significantly
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differ from the control mouse in respect to RER. Fewer differences in RER and EE were
seen in female BobCats. Cumulatively, CLAMS showed that catalase overexpression has a
positive influence on energy metabolism.

Bob-Cat mice also did not significantly differ in blood glucose, HDL cholesterol, or TC
levels in comparison to C57BL6 mice or [Tg(CAT)*/~]. However, Ob/Ob mice had higher
levels of each compared to every other genotype. Although higher levels of HDL cholesterol
are indicative of a healthier phenotype, the overall ratio of HDL cholesterol and TC is more
important, explaining why the Ob/Ob mice do not have a healthier lipid profile in
comparison to antioxidant-excess or control mice. It was interesting to note that
[Tg(CAT)*~] mice had significantly higher levels of TG in comparison to C57BL6, Bob-
Cat, and even Ob/Ob mice. Insulin, leptin, and resistin levels did not differ significantly
between mice overexpressing catalase (Bob-Cat and [Tg(CAT)*/~]) compared to C57BLS.
However, females seemed to have a trend towards slightly lower levels of circulating insulin
and leptin.

Catalase expression and activity in the visceral (abdominal) adipose tissue, which is one of
the key metabolic tissues in obesity showed differences between the genotypes. The mice
overexpressing catalase had higher catalase expression compared to the parent strains. Males
had increased expression compared to female mice. Catalase expression was almost 35 fold
higher in the adipose tissue of Bob-Cat compared to C57BI6 mice. The 5 fold increased
expression observed in Ob/Ob mice may be the result of a compensatory response to higher
levels of oxidative stress in these mice due to increased fat mass and production of pro-
inflammatory cytokines [51]. Catalase activity was increased in Bob-Cat mice compared to
C57BI6 mice in male and females. This increase in activity validated the genetic
overexpression of endogenous catalase. The increases in catalase activity and lowered
oxidative stress, as shown by decreased oxidatively modified proteins in the Bob-Cat mice
(Figure 8), make this a novel “stress-less” mouse model.

Leptin and adiponectin are two adipokines that play a key role in adipose function. Leptin is
a fundamental regulatory hormone that is primarily produced by adipocytes within WAT of
both humans and rodents. The concentration of circulating leptin is directly proportional to
total body fat [52]. The hormone’s main function is demonstrated within the arcuate nucleus
of the hypothalamic region of the brain where it is able to decrease appetite and increase
energy expenditure [53, 54] through signaling systems involved in the orexigenic and
anorexigenic pathways [55]. Oxidative stress modulates leptin’s action leading to changes in
fat mass, metabolic parameters, and inflammatory status [16]. Like leptin, adiponectin is
most abundantly expressed in WAT, yet is downregulated during obesity [56]. Adiponectin
protects against diseases such as diabetes and atherosclerosis [57]. Specifically,
administration of adiponectin has been shown to both elicit glucose lowering effects and
ameliorate insulin resistance [58]. In other studies, suppression of adiponectin signaling
pathway resulted in decreased oxidative stress detoxifying enzymes such as catalase [59].
Leptin and adiponectin expression in the WAT were elevated in both sexes of Bob-Cat mice
(p<0.0001) in comparison to the control C57BI6 mice. There was a significant increase in
adiponectin in the Bob-Cat genotype in comparison to C57BI6 mice (p<0.05). Due to
elevated leptin and adiponectin expression in Bob-Cat adipose tissue and an increase in
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catalase expression in other metabolic tissues such as brain, this mouse model can be used to
study appetite regulation through the adipose-brain axis. With lower levels of the pro-
inflammatory genes, IL1p and MCP-1/JE levels, the Bob-Cat mice is also ideal for studying
metabolic changes resulting from dietary interventions or exercise. Table 4 provides a
summary of the metabolic characteristics of the novel “stress-less” mouse model. The
differences in phenotype observed between the two sexes are intriguing and needs further
exploration.

Caution should be placed on the knowledge that excess oxidative stress induces antioxidant
defense which in turn tilts the balance towards excess reductive stress [60]. Reductive stress
in turn then leads to increased oxidative stress and has been implicated in various diseases
[61]. This vicious cycle might have been at play in some of the previous studies using
antioxidant overexpressing mouse models such as the study where excess glutathione
peroxidase-1 showed increased body weight and insulin resistance [62]. Increased
quenching of ROS in these mouse models interfered with insulin signaling pathways [63].
Therefore, the Bob-Cat mouse model can also be used as a good model to study the role of
reductive stress in metabolic diseases.

5. Conclusions

Overall, based on the phenotypic results obtained in Bob-Cat mice, it is apparent that
overexpression of catalase in an obese genotype modulated body composition while
retaining a similar body weight in relation to the C57BI6 and [Tg(CAT)*/~]. Significant
changes in energy expenditure and activity levels of Bob-Cat mice compared to other
genotypes suggest catalase is playing a role in appetite regulation of this novel “stress-less”
mouse model. Significant differences in metabolic profile and oxidative stress make it a
good model to study dietary and exercise interventions.
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Highlights

. Novel Bob-Cat mice express human catalase in an obese, leptin resistant
background

. Antioxidant overexpression modifies body composition and metabolic
parameters

. Bob-Cat mice show sex-specific differences in redox regulation and
adipocytokines

. Useful model for studying redox stress and obesogenic pathways
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Key Genotype
Cat-tg |Tg(CAT)™
Ob/+  |Ob heterozygous
Bob-Cat (hybrid of Ob/+
BC  |and Cat-tg)
Big Bob (Leptn Resistant,
homozygous Ob/Ob and Cat-|
BB |[tg)
Leptin Resistant,
Ob/Ob |homozygous Ob/Ob mice
WT for Ob/+ but Cat-tg
WI-C |positive

[Te(CAT)
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2%
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Figure 1. Generation of the Bob-Cat Mouse
(A) Four breeding pairs were combined (2-male [Tg(CAT)*/~] mice x 2-female Ob/+ mice)

or (2-male Ob/+ mice x 2-female [Tg(CAT)*/~] mice) to create the F1 generation. F1
generation offspring were then bred to generate the F2 generation. F3 generations were
produced between breeding pairs of the F2 generation. F2 and F3 generations were used in
characterizing the novel “Bob-Cat” mouse. Pie charts represent the percent of the males and
females generated in the (B) F1 generation, (C) F2 generation, and (D) F3 generation of
each genotype. The key denotes each genotype generated from the breeding pairs. The figure
provided displays each genotype generated from two breeding pairs. However, multiple

breeding pairs were used in the generation of the Bob-Cat Mouse.
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Figure 2. Weekly Body Weights
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B - - C57BI6
. Female & [Tg(CAT)]
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Changes in weekly body weights of each genotype was determined: (A) Male and (B)
Female weekly body weight changes of (n>7/group) C57BI6, [Tg(CAT)*"], Bob-Cat, and
Ob/Ob mice. Data for C57BI6 and Ob/Ob were obtained from Jackson Laboratories
(C57BL/86J https://www.jax.org/jax-mice-and-services/straindata-sheet-pages/body-weight-
chart-000664; B6 Cg-Lepob/J https://www.jax.org/jax-mice-and-serviceccs/strain-data-
sheet-pages/body-weight-chart-000632). One-way ANOVA was performed on GraphPad
Prism 7. Data are represented as mean +/— SEM. Letters indicate significant p values,
b=p<0.01, d=p<0.0001; *=compared to C57BI6.
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Figure 3. Body Composition: Fat and Lean Mass

Body composition as determined by ECHO-MRI: Male (A1) Fat Mass and (A2) Lean Mass
(g) of each genotype (n=4/group). Female (B1) Fat Mass and (B2) Lean Mass (g) of each
genotype (n=4/group). One-way ANOVA was performed on GraphPad Prism 7. Data are
represented as mean +/— SEM. Letters indicate significant p values, a=p<0.05; symbols
display significant differences between genotypes, *=compared to C57BI6, # =compared to

[Tg(CAT)*"].
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Figure 4. Metabolic Parameters
Overall changes in metabolic parameters was determined using CLAMS: Male- (A1) Food

Intake of C57BI6, [Tg(CAT)*/~], Bob-Cat, and Ob/Ob averaged per day; (A2) Metabolic
Energy Expenditure of each genotype averaged kcal/h over the middle 48h; (A3) X AMB
Counts of each genotype over 48h; (A4) Respiratory Exchange Ratio (RER) average over
48h; (B1-B4) The representative images from female mice are displayed. Data were
analyzed by one-way ANOVA on GraphPad Prism 7. Data are represented as mean +/—
SEM. Letters indicate significant p values, a=p<0.05, b=p<0.01, c=p<0.0001, d=p<0.0001;
symbols represent significant differences between genotypes, *=compared to C57BI6, #
=compared to [Tg(CAT)*/~], $=compared to BobCat.
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Figure 5. Two Hour Time Interval Analysis of Metabolic Parameters
Light and dark cycle analysis of CLAMS data is provided: Male- (A1) Food Intake

grams/day (A2) Metabolic Energy Expenditure averaged kcal/h over the middle 48h (A3) X
AMB Counts over 48h (A4) Respiratory Exchange Ratio (RER) average over 48h of male
C57BI6, [Tg(CAT)*], Bob-Cat, and Ob/Ob mice. (B1-B4) The representative images from
female mice of each genotype are displayed. Data are represented as mean +/— SEM.
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Figure 6. Circulating Levels of Metabolic Parameters
Circulating levels of insulin, leptin, and resistin was measured us

ing an adipokine array on a

Luminex System: (A) C57BI6, Bob-Cat, [Tg(CAT)*/~], and Ob/Ob male mice; (B) C57BI6,
BobCat, [Tg(CAT)*/"], and Ob/Ob female mice. One-way ANOVA was used to determine
significant differences between groups. Data are displayed as mean +/— SEM. Significant p
values are denoted as letters, a=p<0.05, b=p<0.01, d=p<0.0001; symbols represent
significant differences between genotypes, *=compared to C57BI6.
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0oL

Figure 7. Catalase mRNA and Protein Expression, and Enzyme Activity in Adipose Tissue
(A1) Male and (A2) female catalase MRNA expression measured by RT-gPCR of the

adipose tissue in [Tg(CAT)*/~], Bob-Cat, and Ob/Ob mice depicted as fold change compared
to C57BI6 mice (n=4/genotype) by ddCT method. (B) Western Blot of catalase protein
shown as densitometric ratio of anti-Catalase and memcode stain of each genotype (n=3/
group). (C) Catalase enzyme activity as measured by Aebi method (C1) male and (C2)
female specific activity of catalase (n=7/group). Data are reported as mean +/- SEM and
significance was determined by one-way ANOVA. Letters indicate significant p values
a=p<0.05, b=p<0.01, c=p<0.001; t symbols represent significant differences between
genotypes, *=compared to C57BI6, $=compared to Bob-Cat.
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Figure 8. Oxyblot of Oxidized Proteins
Oxidized carbonylated proteins in visceral adipose tissue: Male- (A1) Oxyblot of oxidized

carbonyl groups; (A2) Memcode stain of total proteins; (A3) densitometry ratios of oxidized
proteins to total proteins (memcode) in adipose tissue of C57BI6, [Tg(CAT)*/"], Bob-Cat,
and Ob/Ob male mice; Female- (B1-B3) The representative images from female mice of
each genotype are displayed. Data were analyzed on GraphPad Prism 7 by one-way ANOVA
and significant differences between groups are displayed. Error is reported as mean +/—
SEM. Letters designate significant p values, a= p<0.05, d=<0.0001; symbols represent
significant differences between genotypes, *=compared to C57BI6, # =compared to
[Tg(CAT)*], $=compared to BobCat.
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Figure 9. Key Adipocytokine mRNA Expression in Adipose Tissue
MRNA expression levels of (Al and B1) leptin, (A2 and B2) adiponectin, (A3 and B3)

MCP-1, and (A4 and B4) IL1-B measured by RT-qPCR of the adipose tissue in C57BI6,
[Tg(CAT)*-], Bob-Cat, and Ob/Ob male (A) and female (B) mice, n=3/genotype and
gender. Results are depicted as fold change compared to C57BI6 mice (n=4/genotype) by
ddCT Method. Data were analyzed by GraphPad Prism 7 using a one-way ANOVA.
Significant p values are indicated by letters, a= p<0.05, b= p<0.01, c= p<.001, d=p<0.0001;
symbols represent significant differences between genotypes, *=compared to C57BI6, #
=compared to [Tg(CAT)*/~], $=compared to BobCat.

Biochim Biophys Acta. Author manuscript; available in PMC 2018 September 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Amos et al.

Table 1
Body Weight and Tissue Weights

Male Body Weight (g) Abdominal Adipose (g)  Liver Weight (g)

C57BI6 27.09 +0.79 1.04 +0.07

[Tg(CAT)""] 3332+ 0467° 1.55£0.06

Bob-Cat 31.00 + 1.02 1.43 +0.05
Ob/Ob 54.45 +2.210*#8 8.13 +£0.710"# 4.35+£0.240°#8
Female Body Weight (g) Abdominal Adipose (g)  Liver Weight (g)

C57BI6 22.74+0.37 1.05 + 0.05

[Tg(CAT)*] 21.18 +0.74 1.05 + 0.06

Bob-Cat 24.21+0.24 1.18 + 0.06
Ob/Ob 51.71 + 1.500"#8 7.76 £0.210°#8 2.61+0.070#8
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Body and Tissue Weights of Each Genotype: (A) Adult male (n=4) body weight, adipose and liver weights of C57BI6, [Tg(CAT)+/_]. Bob-Cat,

and Ob/Ob mice. (B) Adult female (n=6) body weight, adipose weight, and liver weight of C57BI6, [Tg(CAT)+/_], Bob-Cat, and Ob/Ob mice.
One-way ANOVA was performed on GraphPad Prism 7. Data reported as mean +/— SEM and significant differences are displayed with letters

indicating p values:
41<0.05,
bp<0.01,

C0<0.001,

dp<0.0001; symbols represent significant differences between genotypes,

*
compared to C57BI6,

# +/—
compared to [Tg(CAT)™ ],

$compared to Bob-Cat.
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Table 3
Blood Lipid Profile and Glucose Levels
A
Male Total Cholesterol (mg/dL) HDL (mg/dL) TG (mg/dL) Glucose (mg/dL)
C57BI6 <100 61.8 +9.68 46.3+1.08 188.4+9.1
[Tg(CAT)*"] <100 64.8 + 2.38 95.3 + 15‘95* 220.1+14.1
Bob-Cat <100 65.8 + 4.56 475 + 0.90# 203473
Ob/Ob 150 + 7.490#8 98.8+1.083% 0*  675+85 319847134 0™F
B.

Female Total Cholesterol (mg/dL) HDL (mg/dL) TG (mg/dL)  Glucose (mg/dL)

C57Bl6 <100 48.63 +3.45 474%2.22 192.9£13.0
[Tg(CAT)"] <100 5142432 50.2 +2.72 225+9.0

Bob-Cat <100 47.45 £ 2.93 54.8 +3.27 176.3£12.4

Ob/Ob 119.4 + 3.89"# 9343 +3879#5 8032923 3678+ 4460 #

Lipid Profile and glucose were determined in blood obtained from both male and female mice of all genotypes on a Cholestech kit: (A)
Total Cholesterol, High Density Lipoprotein (HDL), Triglyceride (TG), and Glucose levels in C57BI6, [Tg(CAT)+/'], Bob-Cat, and Ob/Ob mice

(n=4/group) (B) Total Cholesterol, High Density Lipoprotein (HDL), Triglyceride (TG), and Glucose levels in C57BI6, [Tg(CAT)+/_], Bob-Cat,
and Ob/Ob female mice (n=6/group). Data reported as mean +/— SEM and significant differences are displayed with letters indicating p values:

4h<0.05,

bp<0.01,

Co<.001,

dp<.0001; symbols represent significant differences between genotypes,
*compared to C57BI6,

#compared to [Tg(CAT)*/],

$compared to BobCat.
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Table 4

Key Characteristics of the Novel “Stress-Less” Bob-Cat Mouse

Male Characteristics

. Lean mass +

. Metabolic energy expenditure +

. Catalase mRNA in adipose tissue +

. Catalase enzymatic activity trend +

. Oxidative stress in adipose tissue trend -
. Leptin mRNA in adipose tissue ++++

. Adiponectin mRNA in adipose tissue +

Bob-Cat

Female Characteristics

. Adipose weight +

. Lean mass +

. Physical activity trend +

. Catalase protein expression trend +

. Enzymatic activity in adipose tissue trend +
. Leptin mRNA in adipose tissue +

. Adiponectin mRNA in adipose tissue +

Page 33

Bob-Cat Mouse Model Key Characteristics: Bob-Cat genotype compared to C57BI6 mice increase depicted as (+). Significance represented as

p<0.05 +, p<.0001 ++++
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