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Abstract

Along with rising obesity rates among adults and adolescents in the U.S, there has been an
increase in weight control practices, many of which are not sustainable in the long term, and
weight is gained back in a pattern of weight fluctuation cycles, known as weight cycling (WC).
Weight cycling is not limited to adults. Increasing obesity rates in adolescents and media
pressure on this vulnerable population influences body dissatisfaction and pushes them to weight
loss even if not sustainable. Despite the prevalence of WC, little is known about its effects on
health and overall mortality since survey studies in humans are conflicting. Because of this,
controlled feeding studies from two separate laboratories were performed in mice to investigate
how WC affects lifespan and both studies found that WC is healthier than remaining obese (i.e.,
WC mice outlived obese controls). Since both studies investigated WC over a lifetime, the
impact of WC when isolated to early life or late life remained unexplored. To address this, our
laboratory conducted a new study to evaluate 1) the impact of WC during the ~1% half of life vs
2) WC during the ~2" half of life, vs 3) ever obese controls. While late life weight cycling
(LLWC) extended lifespan vs high fat fed (HF) ever obese controls, mice that experience early
life weight cycling (ELWC) were significantly shorter-lived vs HF controls. In light of this data,
my project will look into two cellular mechanisms associated with aging in livers previously
collected from a subset of ELWC, LLWC, and HF control mice. I will specifically evaluate a
mechanism responsible for cellular detoxification by measuring the levels of five different
xenobiotic metabolizing enzymes (XMEs). I will also measure the senescence-associated
secretory phenotype (SASP) from serum samples previously collected from these mice by
measuring protein markers that are released from senescent cells which accumulate with aging.
Results obtained from this project are significant because they can be used to inform the public

of the dangers of weight cycling in early life.



Project Narrative

Background. Obesity in the U.S has reached epidemic proportions and is affecting young and old
alike with about two-thirds of the population either overweight or obese [1]. This is a pressing
health concern since obesity leads to increased morbidity and mortality. To improve health
outcomes, obese and overweight individuals are encouraged to lose weight. However, many
individuals who lose weight will gain it back. In fact, only one in six overweight or obese
individuals who achieve 10% weight reduction can keep the weight off over a 1-year period [2].
This process is referred to as weight cycling (WC). While weight cycling is common, little is
known about its long-term effects on health. Conflicting studies in the current literature indicate
that WC reduces all-cause mortality and is thus healthier than remaining obese while other
studies suggest that WC increases all-cause mortality risk indicating it is worse to weight cycle
than to remain obese. However, controlled feeding studies from two separate laboratories found
that WC mice significantly outlive obese mice suggesting that WC is healthier than remaining
obese [3,4]. While these studies are significant, they did not look at how the time of life when
weight cycling occurs affects mortality. Either adult mice were used in this previous study [4] or
the mice were weight cycled for their entire life [3]. Often, individuals go through periods of
weight cycling where their weight fluctuates for a period and then remains stable. Weight
cycling can affect adolescents as well as older adults. As rates of adult obesity increase so do the
rates of adolescent obesity. With this comes an increase in the stigmatization of obesity in
children who are susceptible to societal pressures to be thin [5]. Body dissatisfaction in young
adolescents is increasing which is associated with greater intentions to change weight and diet
and an increase in weight control behaviors including unhealthy behaviors such as fasting, diet

pills, and excessive exercise which has a higher prevalence among overweight adolescents [6,7,



8]. These practices are not sustainable and can lead to early life weight cycling in adolescents.

The desire to diet also extends to older adults. A
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Figure 1: Survival Plot comparing lifespan of ELWC mice (red) vs
Control (black) and LLWC mice (blue) (n=33-46/group).

years) but weight control behavior prevalence
was similar between older and younger men
[9]. Recognizing the limitations of the original WC study [3], a follow-up study was done to
investigate how weight cycling at different points in the lifespan affects lifespan and various
health parameters. This follow-up study weight-cycled mice for only part of their lives. The mice
were either “early life” or “late life” weight cycled. In the original study, HF-fed obese mice
lived about 88 weeks, so 44 weeks was set as the division between early and late life. Group 1
was fed a high-fat diet (HF), group 2 was early-life weight cycled (ELWC) and then fed a high-
fat diet for the remainder of life, and group 3 was fed a high-fat diet for the first 44 weeks of life
and then weight cycled till death (LLWC). The unpublished data from this study (Figure 1)
shows that ELWC mice in a background of obesity had shorter lifespans than late life weight
cycled mice from a high-fat background (P=<.0001) and even the high-fat controls (P=.0004).

This result raises the question as to why ELWC mice have a dramatically shortened lifespan.

Specific aims. To answer this question, I will evaluate how two cellular mechanisms are altered
during stable obesity vs ELWC vs LLWC. This project will be part of my HTC thesis and build
off work for which I received a Kopchick award to investigate how chronic weight-cycling an

entire lifetime alters the mRNA expression of selected XMEs in the liver. The aim of this



proposal is to build off my initial proposal and look at xenobiotic metabolizing enzymes (XMEs)
as well as markers of cellular senescence in mice that were weight cycled at different points in
their lifespan. I am specifically choosing to look at XMEs to assess the effects of ELWC vs
LLWC because XME levels are good indicators of cellular stress because these enzymes have
low expression in low-stress cellular environments but in the presence of xenobiotics or
oxidative stress, enzymatic expression is induced [10]. It had also been reported that obesity
alters the expression of XMEs [11]. Unfortunately, little if any data is available to demonstrate
how weight cycling affects XMEs in general let alone how ELWC vs LLWC affects XMEs. In
addition to analyzing XME expression, I will be looking at cellular senescence, a mechanism of
aging that is defined by irreversible cell arrest that occurs in response to cellular stressors [12,
13, 14]. Senescent cell accumulation can be a result of several factors including oxidative stress
[13]. Cellular senescence can effectively be measured by the presence of bioactive molecules
that are indicative of senescence-associated secretory phenotype (SASP). SASP is a secretory
profile that is released from senescent cells. Markers in the secretory profile of SASP include
inflammatory cytokines and chemokines [15, 16]. I will also be looking at activin A, an
inflammatory mediator found to be a reliable marker of cellular senescence in mice and humans

[17].

Methods & Data Analysis. To evaluate the cellular mechanisms that contribute to the difference
in lifespan, I will determine the level of gene expression of specific XMEs in the liver of ELWC
and LLWC mice. The liver samples to be used will be from ELWC mice, LLWC mice, and
obese control mice from the C57BL/6J mice strain. C57BL/6J mice tissue is used because the
C57BL/6J mouse strain is the most sensitive to diet-induced obesity as well as weight cycling.

These liver samples have already been collected from the previously mentioned unpublished



study and are currently being stored at -80 degrees C for analysis. The details on these groups are
as follows: Group 1 (HF) - obese control mice were fed a high-fat diet from 4 weeks of age until
death. Group 2 (ELWC) - mice subjected to early life weight cycling using an established WC
diet regimen [3] from 4 weeks until 44 weeks of age and then switched to a high-fat diet until
death. Group 3 (LLWC) - mice subjected to LLWC by placing mice on a high-fat diet from 4
weeks until 44 weeks of age and then switched to the WC diet. Using liver samples, I will
quantify the level of expression of CYP2a4, CYP2a5, ABCC4,NQO1, and CYP3a4 genes using
real-time quantitative polymerase chain reaction (PT-qPCR). CYP2a5 was chosen because it has
been shown to play a role in protection against thioacetamide-induced liver injury and liver
fibrosis [18]. Thioacetamide is a hepatotoxin that is often used to model liver injury and cirrhosis
[19]. Enzymes CYP2a4, CYP2a5, and CYP3a4 are important in cellular metabolism,
homeostasis, and detoxification of drugs [20]. Enzyme NQO1 detoxifies reactive xenobiotics,
and its activity is linked to reductions in oxidative stress [21]. I will isolate RNA from the liver
samples of each mouse per instructions of ThermoFischer Scientific [22]. Precipitated RNA will
be cleaned and suspended in molecular-grade water then the quantity and quality of the RNA
will be analyzed in a NanoDrop spectrophotometer. If the concentration of RNA is less than 300
ng/ uL then isolation will be repeated. The isolated RNA will then be used to synthesize
complementary DNA (cDNA) using a reverse transcription reaction following cDNA synthesis
protocol [23]. This single-stranded DNA will be the template to form the double-stranded
cDNA, which will be used for the RT-qPCR reaction to determine the level of gene expression
of each XME. Primers specific to the gene of interest will be used to replicate and amplify these
genes. SyberGreen dye will be used to monitor this amplification. The five genes of interest from

the high-fat control mice will be used to normalize the data. qRT-PCR will be performed in a



Bio-Rad iCycleriQ RealTime PCR machine and SyberGreen concentration will be monitored
throughout amplification on QuantStudio Design & Analysis software. The data from the XME
genes and the control genes will be transferred from QuantStudio to gBase+ qPCR software to be
analyzed using univariate analysis of variance (ANOVA). This will show if mRNA expression of
XMEs is altered in weight-cycled mice. Since these enzymes play a large role in cellular
metabolism and homeostasis, this data will provide insight into the cellular mechanisms that
contribute to the difference in lifespan between ELWC mice and LLWC mice. To analyze the
effects of weight cycling on cellular senescence I will perform a mouse Luminex Discovery
Assay on previously collected plasma from the mice per manufacturer instructions. Each assay
will test for 11 markers of SASP (R&D Systems). Activin A levels in plasma will also be
measured using Activin A ELISA kits (DACO0B, R&D Systems) per manufacturer instructions
[24]. Analysis of results will be performed using SPSS version 17.0 (Chicago, IL, USA).
Comparisons will be made using a univariate ANOVA with Tukey’s honestly significant

difference post hoc test. Differences will be considered significant at P< .05.

Significance & Impact. Data looking into the cellular mechanism associated with ELWC vs
LLWC would be significant because it would allow for insight into why ELWC is more
detrimental to lifespan than LLWC or lifelong obesity. Considering the growing obesity
epidemic in younger individuals and the concomitant increased prevalence of weight cycling
coupled with the lack of research on this topic, this study will provide needed data. We hope that
data will help shed light on the dangers of WC in early life and lead to additional studies on this
topic that will ultimately be utilized by healthcare professionals to revise current protocols and

therapies for dealing with childhood obesity.
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Presentation of Results

I plan to submit an abstract of this proposed study to the Endocrine Society Conference to take
place in Chicago, Illinois from June 15-18, 2023. This presentation is appropriate and valuable
for my proposed project because I believe the results of this study will prove to have impacts on
the advice given to patients experiencing obesity. This conference will allow my research to
reach the scientific community outside of Ohio University as well as allow me to meet
researchers doing similar work and gain exposure to other areas of research that may influence
my future career choices. Aside from this conference, the completion of this proposed study will
serve as my senior thesis, a requirement for my graduation from the Honors Tutorial College at
Ohio University. Finally, I will also present the results of this study in poster format at the 2024
Ohio University Student Research and Creative Activity Expo to share my work and gain

exposure to more current research at my university.
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