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Abstract

The inflammaging is defined as chronic and low-grade inflammation when aging.

The pathogenesis of age-related diseases largely results from the development of

inflammaging. Interestingly, patients with obesity share largely similar phenotypes

with aging and both obesity and aging are accompanied by progressive inflammation

in adipose tissue. Pentraxin 3 (PTX3) is a soluble pattern recognition receptor and plays

an important role in the innate immune system. Moreover, PTX3 can be induced by

different inflammatory stimuli in adipocytes. The change levels of plasma PTX3 has

been observed in patients with metabolic diseases or aging individuals, however,

investigating the role of PTX3 in adipose tissue and liver during inflammation and

aging is still needed since the mechanism is not completely understood. My research is

focused on understanding the role of PTX3 in senescence and fibrogenesis in adipose

tissue and liver during aging. In the first project, we investigated the effect of PTX3

deficiency on cellular senescence and fibrogenesis of stromal vascular (SV) cells of

brown adipose tissue (BAT) and inguinal (ING) white adipose tissue (Ing-WAT) from

old female mice, and we found out that PTX3 deficiency results in increased senescence

and fibrogenesis in SV cells of subcutaneous adipose tissue. In the second project, we

determined the direct role of PTX3 in senescence and fibrogenesis by investigating the



reversal effect of recombinant mouse PTX3 (rmPTX3) on senescence and fibrogenesis

in SV cells. Unfortunately, we didn’t see the reversal effect of recombinant mouse

PTX3 (rmPTX3) on senescence and fibrogenesis in SV cells. In the third project, we

examined whether PTX3 deficiency impacts senescence and lipogenesis in liver in vivo,

and we demonstrated that PTX3 deficiency itself significantly downregulated gene

expression in lipogenesis, lipolysis, and mitochondria function in liver. Also, PTX3

deficiency attenuated fibrogenesis and gluconeogenesis in liver. In summary, my master

research reveals that PTX3 deficiency results in increased senescence and fibrogenesis

in SV cells of subcutaneous adipose tissue in old female mice and PTX3 deficiency

attenuates lipid transport and oxidation, fibrogenesis, and gluconeogenesis in the liver.
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CHAPTER 1

Literature Review



Literature Review

The prevalence of overweight and obesity has increased around the world since
the 1980s !. Obesity has become a worldwide health issue and it increases risks not only
for chronic metabolic diseases such as type-2 diabetes (T2DM), but also for cancer,
cardiovascular diseases, autoimmune disorders such as rheumatoid arthritis and
osteoarthritis (OA), and other neurological disorders (cognitive impairment and
dementia) 2. According to WHO (https://www.who.int/newsroom/fact-
sheets/detail/ageing-and-health), the population over 60 years old is expected to double
between 2015 and 2050, pointing out that aging has turned into a universal biological
problem and phenomenon 3. Aging is a complex phenomenon. As we are in an aging
society, it becomes increasingly important to understand why aging leads to higher
susceptibility to chronic lethal diseases and has recently increased morbidity, disability,
and frailty. Most age-related diseases are a result of chronic inflammation, a common
characteristic of both obesity and aging; Aging results in such a state termed as
inflammaging. Inflammaging is thought to be a sterile, progressive, and low-grade
inflammation during aging, which is associated with increased insulin resistance,

oxidative stress, adipose tissue redistribution, and multiple organ system alterations *.

In addition, recent investigations have demonstrated that there is the interconnection



between immune and metabolic responses during aging process; this relationship is
defined as metainflammaging *. Metainflammation is characterized by elevated
circulating lipopolysaccharide/endotoxin levels inside the body °. Nutrient excess or
overnutrition expanded adipocytes leading to excessive body fat accumulation.
Moreover, adipose tissue inflammation has been associated with metabolic stress and
hypoxia when adipocytes expanded in size ¢. Hypertrophic adipocytes are characterized
by increased inflammatory cytokine secretion and decreased anti-inflammatory
adipokines such as leptin and adiponectin secretion ”*. Interestingly, obesity and aging
share similar phenotypes and pathophysiological alterations. For example, adipose
tissue becomes dysfunctional and undergoes chronic and sterile inflammation, elevated
lipotoxicity and lipogenesis, decreased mitochondria function, increased cellular
senescence, and reduced brown adipose tissue function *!°. Hence, in order to
completely understand the pathogenesis of obesity, metabolic disorders, and aging, it is
of importance to understand the roles of adipose tissue and cytokines/adipokines during

inflammation and metabolic homeostasis.

I. Adipose Tissue Inflammation in Obesity

The Types and Functions of Adipose Tissue



Adipose tissues are present in discrete depots throughout the body !''. There are
two major types of adipose tissues: white adipose tissue and brown adipose tissue 2.
White adipose tissue plays a critical role in whole-body energy metabolism. It not only
stores excess energy, but also secretes hormones, regulates glucose and lipid
metabolism, controls appetite and immunity '*!*. Subcutaneous adipose tissues (SAT)
including abdominal, gluteal, and femoral. SAT store approximately 80% of total body
fat inside our body. In the meanwhile, intraabdominal fat depots are located within
internal organs. For example, visceral adipose tissues (VAT) are associated with
digestive organs and intra- and retro-peritoneal depots represent 5~20% of total body
fat in humans '*. Also, VAT is more associated with macrophage infiltration, adipocyte
death, and adipose tissue remodeling in obesity condition !°. In addition, white

16,17

adipocytes derive from Myf5- progenitor cells with the characters of unilocular

lipid droplets and low density of mitochondria '®. In contrast, brown adipose tissue
(BAT), found in cervical, supraclavicular, and paravertebral regions, can produce heat

through thermogenesis and it has been indicated as the primary thermoregulatory tissue

19

during non-shivering cold exposure °. Moreover, brown adipocytes originate from

16,17

Myf5+ precursor cells and the mature brown adipocytes contain multilocular lipid

droplets, enriched mitochondria, and expression of UCP1 '8, Some studies have pointed



out that mature white adipocytes may directly convert into brown-like adipocytes or
beige adipocytes in response to chronic cold exposure environment 2%!22_ Intriguingly,
while they derive from different cellular lineages, brown and beige adipocytes share
similar biochemical characteristics. In addition, adipose tissue is a complex tissue
composed mainly of mature adipocytes and stromal vascular fraction (SVF) cells and
can regulate metabolic, hormonal, and immune processes by releasing multiple
bioactive compounds. Stromal vascular cells include preadipocytes, immune cells,
blood cells, endothelial cells, and macrophages %*. Since each adipose depots composed
of distinct cell subpopulation, the cell composition alters during aging process and
chronic cold exposure condition >**. Moreover, adipose tissue is considered as an
endocrine organ because of its secretory capability. Adipose tissue can secrete a variety
of signaling mediators such as adipokines. Through controlling these mediators,
adipose tissue is able to communicate with other organs to maintain systemic

homeostasis '>%°.

Inflammation and Dysfunction of Adipose Tissue in Obesity
Adipose tissue becomes dysfunctional during the development of obesity. In

obesity, adipose tissue experiences excessive fat storage and altered cell composition



5. For example, obesity leads to the expansion of visceral adipose tissue but the
reduction of both brown adipose tissue and subcutaneous white adipose tissue, as well
as hypertrophy or hyperplasia of adipocytes '%?’. Moreover, elevated free fatty acids
(FFA) and dysregulated adipokine production could contribute to adipose tissue
inflammation and lipid accumulation leading to systemic metabolic complications '*!4,

Obesity not only causes increased adipocyte hypertrophy and altered adipokines
secretion, but also leads to immune response dysregulation of immune response 252,
Elevated FFAs induces insulin secretion, decreases insulin sensitivity in muscle and
liver due to impaired GLUT4 translocation, and causes endothelial dysfunction like

2 In addition,

increased insulin resistance by impairing GLUT4 translocation
proinflammatory cytokines is increased in obesity patient and led to systemic
inflammation. The ability to induce anti-inflammatory adipokines such as leptin and
adiponectin is suppressed during obesity. Study has suggested that the macrophage
polarization not only affects the profile of cytokines composition in adipose tissue, but
also plays an important role in the development of during obese pathologies *°. Usually,
activated macrophages can be divided into two subsets: classically activated M1

macrophages (mainly involved in pro-inflammatory responses) and alternatively

activated M2 macrophages (mostly engaged in anti-inflammatory responses). Studies



have demonstrated that adaptation to thermogenesis is more associated with M2
macrophages cells and M1 macrophages induce obesity-associated inflammation and
increase insulin resistance while M2 macrophages protect against inflammation and
strengthen insulin sensitivity 3!*2. In the nutshell, adipocyte hypertrophy has been
associated with an impact on insulin resistance secretion, substrate utilization, adipose
tissue dysfunction, and systemic inflammation. Therefore, adipocyte hypertrophy has
been considered as it plays a critical role in increasing metabolic risk factor for type 2

diabetes, cardiovascular diseases, and ectopic lipid deposition.

I1. The Inflammation of Adipose Tissue During Aging
Inflammaging in Adipose Tissue

The function of immune system declines gradually after midlife. Due to this reason,
the elderly is more susceptible to infection as well as metabolic diseases, such as type
2 diabetes, hypertension, cancer, and autoimmune disorders. Studies have shown that
the elderly, especially people with inferior physical fitness or frailty, have a strong
connection with a phenomenon called inflammaging. Inflammaging is a chronic and
low-grade inflammation with increased pro-inflammatory cytokines such as interleukin

(IL)-6, tumor necrosis factor o (TNFa), and senescence-associated secretory phenotype



(SASP) in adipose tissue **. During aging, the body loses brown adipose tissue and
subcutaneous white adipose tissue, but gains visceral white adipose tissue '°. Increased
visceral white adipose tissue has been closely associated with metabolic disorders and
chronic low-grade inflammation. Researchers have been attempting to understand what
the sources of the inflammatory cytokines are in adipose tissue. After decades of
research, it becomes clear that both immune cells and non-immune cells, such as
adipocytes and senescent cells, are able to release the inflammatory factors contributing
to adipose tissue inflammation. Among immune cells, macrophages are viewed as the
main inflammatory cytokine producers. In a study, macrophage polarization has shown
to not only affect thermogenesis, but also impair lipolysis in an NLRP3 inflammasome-
dependent pathway in adipose tissue **. A recent study indicated that aged-B cells could
injure lipolysis through modulating the pathways of NLRP3 inflammasome and IL-18
release *°. This study suggests that besides macrophages, B-cells could affect lipid
metabolism and adipocyte thermogenesis. In addition, repeated and progressive
pathogenic infections such as cytomegalovirus (CMV) infection, Epstein-Barr virus,
and gut microbiota dysbiosis could contribute to inflammaging in old individuals %7,

Molecules coming from cell debris or being placed in the wrong location from the

decayed cells and organs can be other exogenous triggers of inflammation. As the



ability of our immune system to clear these substances declines with age, inflammation

occurs progressively.

Source of inflammaging

Genetic Susceptibility

Genetic variants could affect blood levels of inflammatory cytokines *%. Studies
have demonstrated that some common variants of the /L/RN gene are associated with
the plasma concentrations of IL-18 and IFNy *. In addition, those variants could
determine the pathophysiology of human infections *° and may increase the risk of
insulin resistance and inflammation #'*>*3, Moreover, a study indicated that the single
nucleotide polymorphism (SNP) rs2069837 in /L6 was highly related to longevity,
suggesting that there is a connection between IL6 and mortality in old individuals **.
Studies have also showed that some variants in the /L6R gene increases the risk of many
diseases such as rheumatoid arthritis, type 1 diabetes, and depression . This
information indicates that the variability of genes could influence the concentrations of
several inflammatory markers in plasma.

MicroRNAs (miRNAs) are non-coding, single-stranded RNAs with 17-25

nucleotides that play an important role in modulating protein expression and regulating



mRNA stability or translational ability *%47. Studies have suggested that age-related
changes in miRNAs increase the development of inflammaging ***. For instance, some
miRNAs could repress inflammation through reducing the gene expression of Toll-like
receptors (TLR) signaling pathway components °°. In the nucleus, microRNA is
transcribed as pri-miRNA and turns into pre-miRNA by Drosha; pre-miRNA is then
transported to the cytoplasm and processed by Dicer and Ago2 into a mature, single-
strand miRNA 84 Tt is believed that most of the circulating or secreted miRNAs are
released by vesicle-independent mechanisms in combination with Ago2 *! and the levels
of microRNA change in obesity, inflammation, and cellular senescence °>%. The
alteration of several miRNAs has been observed during the initiation of inflammation
59 This information suggests that miRNAs may regulate the processes of inflammation

and aging.

Cellular Senescence

Cellular senescence was first described as the irreversible arrest of normal human
cells in the in vitro culture >*. Senescence is a cellular response to injury or stress
condition via telomere erosion or prolonged DNA damage >>°%°7. Oxidative stress,
telomere erosion, DNA harmful agents, and senescence-associated secretory phenotype

10



(SASP) can accelerate the senescence progression %, During aging, senescent cells
accumulate and secrete pro-inflammatory cytokines or so called SASP such as
interleukins (/L-1 @, IL-1p, and IL-6), metalloproteinases (interstitial collagenase
(MMP1I), stromelysin 1 (MMP3), collagenase 3 (MMP13)), chemokines (/L-8), and

other extracellular matrix molecules in many tissues and organs *°

. Moreover,
senescent cells are accompanied by increased expression of senescence-associated [3-
galactosidase (SA4-p-gal), pl16INK4a, p21, and p53 %0612 a5 well as elevated SASP
secretion %%, The elevated SASP contributes to the increased risk of developing age-
associated diseases such as type 2 diabetes, cancer, and hypertension. The senescent
stimuli can induce senescence through multiple signaling pathways, including
p38/MAPK signaling, NFkB/p65 signaling, TGFS/SMAD signaling, mTOR signaling,
and Wnt signaling 4. In the normal condition, our body can eliminate the senescent
cells via immune response, and they would not have significant impact on the
proliferation and metabolism of neighbouring healthy cells. However, once the immune
cells become dysfunctional as a result of obesity or aging, they lose the ability to clear
senescent cells. Therefore, senescent cells accumulate in neighbouring cells and
facilitate the development of cellular senescence in the tissues. Ultimately, senescent
66,67

cells induce inflammation, causing tissue dysfunction in aged tissues

11



Nevertheless, there are some therapies available to clear senescent cells. For
example, the activation of mammalian target of rapamycin (m7OR) pathway has been
demonstrated to promote SASP. Hence, by using rapamycin to inhibit mTOR pathway,
we could decrease the harmful senescent cells . Furthermore, both toll-like receptors
and the downstream transcription factor, NFxB, play a critical role in SASP secretion
69.70 As a result, compounds such as metformin and Bay11-7082 could modulate NFxB
signaling pathway, therefore, ameliorate inflammaging and cellular senescence "7, In
addition, through strengthening mitochondria function and increasing autophagy,
metformin can also attenuate the inflammaging of T-helper 17 cells in diabetes 7.
Besides the above-mentioned therapies, senescent cells can also be eliminated by

inhibiting anti-apoptotic protein expression, enhancing immunosurveillance of immune

cells, and reducing SASP.

Self-debris accumulates inside the body

Self-debris is a common phenomenon inside the body, which occurs when cells

are injured releasing waste products generated from cellular and metabolic process. In

the normal condition, extracellular debris can be recognized by the immune system

through different specific receptors and broken down by engulfment in phagocytic

12



vesicles 7. However, the production of damaged cells and organelles increases with age,
which triggers inflammaging. Molecules that are released by stressed cells during
severe infection or ischemia are named danger-associated molecular patterns (DAMPs),
including free radicals from oxidative stress and metabolites (e.g. ATP, oxidized LDL,
cardiolipin, and wasted nucleosides). If these molecules could not be cleared in time,
they would accumulate and increase the risk of inflammaging 7*. The imbalance
between the production and the elimination of these debris’ molecules could trigger
inflammatory responses. For example, since the accumulation of DAMPs activates the
NOD-like receptors (particularly NLRP3 inflammasome), caspasel-dependent
secretion of different types of pro-inflammatory cytokines such as /L-1f and IL-18
increases. Studies have shown that the obstruction of the NLRP3 inflammasome
reduces multiple age-related diseases such as insulin resistance and inflammation, and

increases longevity °, which could in turn reduce the risk of inflammaging.

Immune system

Studies have suggested that the dysfunction of immune cells can also lead to

inflammaging. The normal function of immune system is very critical, as it protects the

body from being infected by viruses and bacteria and activate the downstream pathways

13



to help recover from wounds. However, the immune system becomes impaired with
aging and the chronic infections can also progressively alter immune functions, leading
to the elevation of the inflammatory markers in plasma. Human CMV and HIV
infections are permanent diseases which is known to accelerate the immunosenescence.
Although partial studies showed that human CMV infection in older individuals is
linked to increased cardiovascular disease (CVD) and inflammaging, decreased

76.77.78 " \whether there is a direct

immune response, and elevated mortality of elderly
connection between CMYV infections and CVD and mortality is still controversial °. In
addition, there is a repeated and chronic inflammation in HIV patients; the risk of
developing CVD and frailty in patients with HIV is higher than average individuals
80.81.82 The exhaustion of memory CD41+ T cells is known as the main reason for the
cause of increased gut epithelium permeability, which allows microbial pathogens to
translocate into the blood circulation, resulting in chronic inflammation in HIV patients
8. Moreover, since HIV patients are suffered from antiretroviral- associated

lipodystrophy and visceral obesity, they may further elevate the risk of insulin

resistance and inflammation 3.

The Change of Lipid Metabolism During Aging

14



Aging not only alters adipose tissue function, distribution, and composition, but
also has an effect on lipid metabolism %. Studies have demonstrated that the levels of
both triglyceride and lipoproteins were increased during aging %8¢, Because of
impaired mitochondria function and lower levels of catecholamines, thermogenic
capacity of brown adipose tissue decreases during aging %7#8. Interestingly, several
studies have indicated that the blockade of the NLRP3 inflammasome could maintain
the mechanism of catecholamine-induced lipolysis in adipose tissue macrophages
during aging *°, and aged adipose tissue B cells could weaken lipolysis and damage the
homeostasis of body temperature when the body is exposed to the cold environment in
the NLRP3- and IL[-dependent manner. In other words, the clearance of aged adipose
tissue B cells could rebuild the cold-exposure tolerance and ability of lipolysis *°.
Studies also found that aging reduces the capability of cold-stimulated beige adipocyte
activation in both mice and humans °'*2. Furthermore, recent studies have demonstrated
that enhancing thermogenesis in adipose tissue can efficiently improve metabolic
capability and ameliorate inflammation *°.

Our previous studies indicated that lipopolysaccharide (LPS)-induced NFxB/p65
signaling reduced adipogenesis resulting in premature senescence in adipose stromal-

vascular cells **. Both SASP and pro-inflammatory cytokines could activate the

15



NFkB/p65 signaling pathway, thereby inducing cellular senescence *°. TGFp is known
to promote cellular senescence through activating p/6, p21, and NFxB signaling
pathways. Through suppressing TGF/Smad3 signaling pathway, the brown adipose
tissue-specific gene expression can be promoted in white adipose tissue °. The
mTORCI plays an important role in promoting cell growth and balancing lipid
metabolism °’. The dysregulation of mTORCI is associated with a great range of human
diseases from metabolic disorders to cancers . Rapamycin, a m TORC/ inhibitor could
delay aging by controlling transcriptional activity of NFxB. Moreover, rapamycin can
enhance longevity in mice, and rapamycin-based therapies might be beneficial for
treating aging-related diseases *°. Lipophagy, one type of selective autophagy degrades
lipid droplets, which is an important mechanism to maintain lipid homeostasis '°.
Studies have suggested that lipophagy is dysfunctional during aging contributing to

metabolic disorders '*!

. Moreover, Wnt signaling is known to be involved in metabolic
disorders '? and plays a role in regulating energy balance and cellular homeostasis.
Atypical modulation of canonical and non-canonical Wnt system disrupts the metabolic
processes resulting in adipose tissue expansion and metainflammation in obesity ',
The non-canonical Wnt signaling pathway promotes adipogenesis and induces adipose

tissue inflammation '®. In addition, the activation of p38/MAPK signaling pathway

16



promotes senescence and aging through regulating the oxidative stress %, and the
inhibitor of p38/MAPK could block the beginning of cardiovascular diseases as well as
senescence and aging '°. In summary, during aging, the composition and formation of
adipose tissue changes, the rate of adipogenesis increases, and cellular senescence
elevates. All of the changes have an impact on lipid metabolism leading to adipose

tissue dysfunction.

II1. The Role of PTX3 in Homeostasis of Inflammation and Metabolism
Expression and Regulation of PTX3 Under Inflammation

PTX3 is a soluble pattern recognition receptor that involves in the humoral innate
immune system '°. When encountering inflammatory signals or microbial recognition,
PTX3 can be immediately produced by several cell types such as innate immune cells,
fibroblasts, and adipocytes ', Inflammatory stimuli such as TNFa, IL18, or toll-like
receptors signaling can induce the secretion of PTX3 '%!10 and PTX3 acts as a
modulator of inflammation through regulating the activation of complement and
enhancing pathogen elimination by apoptotic cells '''. The regulation of PTX3
expression is related to several signaling pathways and involves many types of cells.
For instance, /L1 receptors and MyD88-dependent TLR/NF«B signaling pathway could

17



stimulate PTX3 expression in immune and stromal cells %! through JNK and
ERK1/2 MAPK pathways. TNF could promote PTX3 expression in human airway
smooth muscle cells (HASMC) !'*. Moreover, glucocorticoids could modulate PTX3
expression in HASMC via mechanisms in a GC receptor and ERK-dependent manner
s

Our previous studies have demonstrated that proinflammatory mediators and
lipopolysaccharides (LPS) could stimulate PTX3 expression in different adipose depots.
Compared to stromal vascular cells (SV cells), adipocytes secrete more PTX3 in
response to LPS stimulation '"®!'7. We have also found that in the LPS-induced
condition, adipose tissue showed higher PTX3 expression than other tissues or organs,
and PTX3 deficiency reinforces the inflammation stimulated by LPS in adipose tissue
in mice. PTX3 deficiency led to decreased white fat mass and impaired adipogenesis in
mice, indicating PTX3 may play an important role in lipid metabolism ''®. Moreover,
compared to stimuli such as norepinephrine and palmitic acid, LPS stimulation induced
the highest levels of PTX3 expression and secretion in adipocytes. Additionally, we
have identified that adipocytes and preadipocytes but not macrophages are the main
cell types that secrete PTX3 in response to LPS stimulation '8,

Many studies have suggested that the change of plasma PTX3 levels could

18



influence the inflammation homeostasis. One study showed that PTX3 overexpression
could protect mice from the infection of low-dose Gram-negative bacteria. However,
PTX3 overexpression mice showed increased lethality rate under high-dose gram-
negative bacteria ''°. The study indicated that PTX3 overexpression has a dual role in
controlling inflammation. In addition, PTX3 deficiency has been shown to elevate
vascular inflammation and atherosclerosis in mice '2°. Moreover, PTX3 deficiency was
related to the worsened idiopathic pulmonary fibrosis (IPF), the reduced removal of
fibrin, and the enhanced collagen deposition 2. In a nutshell, these results indicate that
PTX3 deficiency strengthens persistent inflammation and inflammatory responses.
Furthermore, studies have indicated that PTX3 can be viewed as a useful therapeutic
target for patients with autoimmune diseases '*!. PTX3 may be an early biomarker for
diagnosing thyroid associated ophthalmopathy '??> and assessing the severity of sepsis
or septic-shock-associated acute kidney injury (SSAKI) '?*!24 Interestingly, a recent
study suggested that individuals with COVID-19 showed a higher level of PTX3 in
their plasma and it might be viewed as a convincing prognostic indicator of short-term

mortality in COVID-19 patients '?°.

The Roles of PTX3 in Metabolic Diseases and Aging

19



PTX3 plays a vital role in the beginning of obesity by accelerating inflammation
and elevating inflammatory response '?°. The lower concentrations of PTX3 in plasma
may also contribute to inflammaging '?’. Studies have demonstrated that there is a
negative correlation between PTX3 and glucose-stimulated insulin secretion, and obese
people showed increased PTX3 gene expression in the visceral adipose tissue 28, PTX3
could also act as a biomarker for healthy metabolic response '?” as well as a predictor
of osteoporosis (OP) and osteoarthritis (OA) bone-related phenotypes '2°. Moreover, as
a biomarker for cardiovascular disease (CVD), PTX3 is engaged in the pathogenesis of
CVD-associated inflammation '*®!3!, The alterations of PTX3 and adropin may be able
to predict the renal damage to different degrees in patients with type 2 diabetes *2. One
study suggested that a high-fat diet could increase the serum PTX3 levels in mice and
rats %6133 However, the other showed that there was a lower level of PTX3 in
epididymal adipose tissue and plasma in obese mice with diabetes compared to non-
obese mice '**. In addition, our unpublished data demonstrated that mice with high-fat
diet had decreased levels of PTX3 expression in adipose tissue. A recent study indicated
that PTX3 in plasma was positively related to the severity of metabolic syndrome '*°.
In conclusion, the changes in plasma PTX3 levels in metabolic diseases or aging
indicates that PTX3 plays a critical role in metabolic health and inflammation. In

20



addition, as an anti-inflammatory protein, PTX3 not only promotes inflammation in

obesity and aging, but also affects lipid and glucose metabolism. However, further

investigations are needed to understand the molecular mechanism by which PTX3

modulates senescence and inflammation in adipose tissue during aging and obesity.
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CHAPTER 2

The Role of Pentraxin 3 in Senescence and Fibrogenesis

in Adipose Tissue and Liver During Aging

36



Summary

Pentraxin 3 (PTX3) plays a vital role in the beginning of obesity by accelerating

inflammation and elevating inflammatory response. Both obesity and aging change the

concentration of PTX3 in plasma; PTX3 deficiency induces chronic low-grade

inflammation and cellular senescence. Aging not only alters adipose tissue function,

distribution, and composition, but also affects lipid metabolism. Our previous studies

have identified that adipose tissue is the primary tissue that secretes and expresses

PTX3 in response to lipopolysaccharide (LPS) stimulation. Moreover, we indicated that

PTX3 deficiency led to lipid accumulation in the liver. In this study, we investigate the

effect of PTX3 deficiency on senescence and fibrogenesis in adipose tissue and liver

during aging. In the in vitro studies, we demonstrated that PTX3 deficiency results in

increased senescence and fibrogenesis in stromal vascular (SV) cells of subcutaneous

adipose tissue in old female mice. In the in vivo studies, we found that PTX3 deficiency

slightly promoted senescence and inflammation in liver of old female mice but

attenuated lipid oxidative metabolism, fibrogenesis, and gluconeogenesis in liver of old

female mice. In addition, PTX3 deficiency reduced the response to CL316,243, a 33-

adrenergic receptor agonist, treatment in lipid and mitochondrial metabolism in the liver.

In summary, PTX3 deficiency leads to elevated senescence and fibrogenesis in SV cells
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of subcutaneous adipose tissue in old female mice. Moreover, PTX3 deficiency reduces

lipogenesis, lipolysis, fatty acid oxidation, fibrogenesis, and gluconeogenesis in the

liver of female mice during aging. Further investigations are needed to understand the

molecular mechanism for the role of PTX3 in modulating senescence in adipose tissue

and liver during aging.
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Introduction

Aging is a complex process that can be affected by environmental and genetic
factors, as well as regulated by epigenetic activities. During aging, adipose tissues
undergo redistribution from subcutaneous to visceral depot; the body experiences the
loss of brown adipose tissue (BAT) and subcutaneous white adipose tissue (sWAT) but
the buildup of visceral adipose tissue (VWAT) 2. Most age-related diseases are due to
an increasing accumulation of vVWAT, which is closely associated with a chronic low-
grade inflammation, metabolic dysregulation, and multi-organ damage inside our body.
The phenomenon of aging with chronic low-grade inflammation is termed
“inflammaging” . Inflammaging is a progressive and dynamic progress and considered
an adaptive outcome of a protective response in the body. Moreover, inflammaging is
accompanied by increased senescence-associated secretory phenotype (SASP). In
adipose tissue, SASP is associated with cellular senescence and defects in various
biological processes, such as insulin resistance and adipocyte hypertrophy *.
Interestingly, people with obesity show similar phenotypes observed in the normal
aging process, such as the hypertrophy of adipocytes and alterations of immune cell
composition >’ Aging also induces adipose tissue dysfunction, metabolic syndrome,

increased pro-inflammatory cytokine secretion, increased plasma triglyceride and
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lipoprotein levels ®°. Studies have indicated that aging has a major impact on energy
metabolism, and increasing energy expenditure can improve metabolic health. For
example, activation of BAT and conversion of WAT to beige adipose tissue can increase
thermogenesis, prevent obesity, and improve metabolic health '°. However, due to the
decline in the number of adipose progenitor cells with aging, aged mice lose the ability
of forming beige adipocytes in WAT declines in mice ''. In addition, the increasing
cellular senescence with aging restrains the potential to form cold-induced beige
adipocytes '2.

Cellular senescence was first described in the 1960s as the limited proliferation of
human cells following long-term cultivation . Senescent cells will accumulate with
age and cellular senescence can regulate the embryogenesis and serve as a checkpoint
that prevents the proliferation of tumor cells. Moreover, senescent cells can expand and
display a flatten morphology !4, activate senescence-associated secretory phenotype
(SASP) secretion '>6, change mitochondrial functions !’ leading to increased
production of reactive oxygen species (ROS). Excessive ROS production could cause
lipid damage and promote DNA damage response (DDR) '8, leading to inherent
resistance to apoptosis '°. The activity of senescence-associated B- galactosidase (SA-

20,21

B-gal) is a common method for assessing cellular senescence . Both telomere
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shortening and proliferating cells attacked by oxidative stress are the two major known
mechanisms for the induction of cellular senescence %2. In addition to telomere erosion,
immune cells and their regulated immune responses play an important role in the
development of cellular senescence 2. In the normal physiological condition, senescent
cells can be cleaned by immune cells. However, the immune system loses the ability to
fully clear senescent cells with aging. Therefore, senescent cells accumulate in the
tissues, which increases SASP secretion leading to the further impairment of immune
system function and the enhancement of senescence >**. Ultimately, the tissues and
cells lose the ability to regenerate, becoming dysfunctional, and the multiple
senescence-associated chronic disorders occur.

Pentraxin 3 (PTX3) is a soluble pattern recognition receptor and acts as a regulator
of the immune system 2. Numerous types of cells can produce PTX3 under different
stimuli, including monocytes/macrophage, fibroblasts, vascular endothelial cells,
dendritic cells, and adipocytes 2"-*%. In addition, researchers found that TNFa and IL1S
as well as the activation of TLR4/NF«B signaling pathway can stimulate the vascular
endothelial cells to secrete the PTX3 2*3°. Studies have revealed that PTX3 plays an
important role in the progress of obesity and during aging process by triggering
inflammation and secretion of proinflammatory cytokines *'*2. Furthermore, PTX3 has
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been associated with the metabolic syndrome ** and our previous works indicate that
PTX3 deficiency increased the LPS-induced inflammation of adipose tissue in mice .
In previous studies, we also demonstrated that PTX3 deficiency led to increased
senescence and inflammation in BAT, ING-WAT, and GON-WAT SV cells isolated
from old female mice, and PTX3 deficiency increased senescence and inflammation in
brown and white adipose tissue as well as elevated lipid transport and oxidation in white
adipose tissue of old female mice. Therefore, in this study, we aimed to investigate the
effect of PTX3 recombinant on aging, senescence and fibrogenesis. We also determined
whether PTX3 deficiency affects liver metabolism in old female mice similar to what

it affects in brown/white adipose tissue senescence and inflammation.

Materials and Methods
Animal and Treatments

As described previously *°, PTX3 deficiency (PTX3 KO) mice were kindly
provided by Professor Martin M Matzuk (Baylor College of Medicine, Houston, Texas).
C57BL/6 mice were from The Jackson Laboratory (Bar Harbor, ME). Male PTX3
knockout mice were backcrossed to C57BL/6 mice for 10 generations before mice were
used for the experiments. For the experiments, we used the heterozygous mating
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method to generate wild-type (WT) and PTX3 KO mice. All animal experiments were
conducted with the approval of the University of Minnesota Animal Care and Use
Committee and followed by the National Institutes of Health guidelines for laboratory
animal care. Mice were housed in a 12h light/dark cycle with food and water available
ad libitum.

The experimental procedure was modified from previous studies **37. Both WT
and PTX3 KO female mice (22-24 months old) were treated with either CL316243 (CL,
Cayman 17499; 0.5 mg/kg body weight) or saline as control (C) via intraperitoneal
injection for four days. Liver and adipose depots were collected for further analysis

after 24 hours of the last injection.

Primary Stromal-Vascular Cell Culture and Treatment

Stromal-vascular cells (SV cells) were isolated from interscapular brown adipose
tissue (BAT) and inguinal white adipose tissue (ING) of WT and PTX3 KO female mice.
Both BAT and ING SV cells were isolated and cultured as mentioned previously *%. In
the 75T flask, SV cells were cultured in Dulbecco’s Modified Eagle Medium (DMEM,
Corning 10-017-CV) with 100 units/ml penicillin-streptomycin (Invitrogen) and 20%
fetal bovine serum (FBS, Atlanta Biological) for BAT SV cells or 10% FBS for ING
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SV cells. The cells were seeded at a density of 1x10° per well in 6-well plate; when
reaching 70-80% confluence (usually at day 6), SV cells were replaced with fresh
medium (1.5 ml/well, C) or treated with rmPTX3 (100 ng/ml) for 6 days (Figure 1). In
the control group, fresh medium (1.5 ml/well) was replaced with the new medium at
day 9 and day 12 for the cells; the cells and culture media were harvested at day 12. In
the rmPTX3 group, the cells were treated with 100 ng/ml rmPTX3 (1.5 ml/well) for 3
days and replaced with fresh rmPTX3 medium (1.5 ml/well) for additional 3 days; at

day 12, the cells and culture media were collected.

RNA Isolation and Relative Quantitative RT-PCR

By following the manufacturer’s instruction, we used TRI reagent (SigmaAldrich
T9424) to extract the total RNA from tissues or cells. As for mRNA detection, the cDNA
was synthesized from the total RNA (1 pg) by using high-capacity cDNA reverse
transcription kit (Applied BiosystemsTM), followed by PCR using PowerUp™
SYBRTM Green Master Mix (Applied BiosystemsTM). The quantitative amplification
was meaured by a QuantStudio 3 real-time PCR system (Applied BiosystemsTM). Actb
(B-actin) mRNA was viewed as an internal control. All the primer sequences are shown
in Table 1 and to quantify the results, the AACt method *® was utilized.
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Statistical Analysis

Data are shown as means + s.e.m. Analysis was performed using one-way analysis
of variance (ANOVA) with Tukey’s multiple comparisons test to compare group means
among multiple groups. When comparing group’s means between two groups, we used
an unpaired two-tailed Student’s r-test. All analysis was conducted with Prism 9

(GraphPad Software, LLC) and p-value < 0.05 was considered as significant.

Results
PTX3 Deficiency Results in Increased Senescence and Fibrogenesis in Stromal
Vascular (SV) Cells Isolated from Subcutaneous Adipose Tissue of Old Female Mice
Our previous studies have shown that the gene expression of proinflammatory
cytokines was increased in adipose tissue from Ptx3 knockout mice (KO) treated with
lipopolysaccharides (LPS) or fed with a high-fat diet **. Moreover, the adipocyte
differentiation capacity of stromal vascular (SV) cells isolated from Ptx3 KO mice was
decreased **. During aging, the adipokine secretion inside our body changes which
further causes the adipose tissue dysfunction, leading to systemic metabolic
disturbances °*°. In addition, aging impairs adipogenesis resulting from the increased
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cellular senescence of adipocyte progenitors. As a consequence, we investigated the

impact of PTX3 deficiency on cellular senescence of stromal vascular (SV) cells of

brown adipose tissue (BAT) and inguinal (ING) white adipose tissue (Ing-WAT) from

old female mice. First of all, we determined how PTX3 deficiency affects senescence

and fibrogenesis of SV cells and whether decreased adipogenesis observed in Ptx3 KO

mice results from senescence of adipose progenitor cells within SV cells. The heatmaps

showed the effect of PTX3 deficiency on the mRNA expression of senescence and

fibrogenesis markers in SV cells from BAT (Figure 2A and 2B) and ING (Ing-WAT)

(Figure 3A to 3B). We demonstrated that the gene expression of senescence markers

pl16 and p21 was significantly decreased in Ptx3 KO SV cells from BAT adipose tissue

(Figure 2A). While the gene expression of senescence marker p/6 was significantly

increased in Ptx3 KO ING SV cells (Figure 3A). Furthermore, the gene expression of

senescence-associated secretory phenotype (SASP) and fibrogenesis markers 7gfp,

Collal, and Timp2 was significantly downregulated in Ptx3 KO BAT SV cells (Figure

2B). On the contrary, the gene expression of fibrogenesis markers Mmp?2 and Itga5 was

significantly upregulated in Ptx3 KO ING SV cells (Figure 3B). In summary, our results

suggest that PTX3 deficiency results in increased senescence and fibrogenesis in SV

cells of subcutaneous adipose tissue.
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Effect of PTX3 Recombinant on Aging, Senescence and Fibrogenesis

Next, we determine the direct role of PTX3 in senescence and fibrogenesis by

investigate the reversal effect of recombinant mouse PTX3 (rmPTX3) on senescence

and fibrogenesis in SV cells. We treat both wild type (WT) and Ptx3 KO SV cells

isolated from old female mice as previously described. Figure 1 A shows the experiment

procedure. Briefly, after reaching 70-80% confluence, the control group (C) was

replaced with the fresh medium every three days, and rmPTX3 group was treated with

100 ng/ml rmPTX3 (1.5 ml/well) for 3 days and then replaced with fresh rmPTX3

medium (1.5 ml/well) for another 3 days. After 6 days of the treatment, the cells were

collected for the analysis of gene expression. As shown in Figure 4A, the rmPTX3

treatment was able to significantly reduce the mRNA expression of p2/ but had no

effect on the expression of other two aging markers p/6 and p53 in WT BAT-derived

SV cells. However, in the Ptx3-deficient condition, rmPTX3 treatment was unable to

reverse the expression of three aging markers p/6, p21, and p53. Instead, rmPTX3

treatment led to a trend towards an increase in p53 expression in BAT-derived Ptx3 KO

SV cells. In terms of fibrogenesis, rmPTX3 treatment was able to significantly reduce

the expression of 7imp2, as well as led to a trend towards a decrease in the expression
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of MMP?2 and Itga5 genes in BAT-derived WT SV cells (Figure 4B). Interestingly,
rmPTX3 treatment had a differential effect on the expression of fibrogenesis genes in
Ptx3 KO BAT-derived SV cells, leading to upregulation of MMP2 and Itga5 expression.
Moreover, rmPTX3 treatment was able to upregulate the expression of Pdgfra, a marker
of mesenchymal stem cells in both WT and Ptx3 KO SV cells. Pdgfra is known to be
required for adipose tissue development *°. Increased Pdgfia expression by rmPTX3
suggests that rmPTX3 is able to increase or reverse impaired adipogenesis in Ptx3 KO
BAT. In ING SV cells, rmPTX3 had no effect on the expression of aging markers in
WT and Ptx3 KO SV cells except for the upregulation of p53 expression by rmPTX3
in WT SV cells (Figure 5SA). rmPTX3 treatment reduced the expression of 7imp2 in WT
SV cells, as well as decreased the expression of Cd9 and Itga5 in Ptx3 KO SV cells.
However, rmPTX3 was unable to change the expression of other fibrogenesis genes
examined such as MMP2, Pdgfra, and Col6a3 in both WT and Ptx3 KO SV cells

(Figure 5B).

PTX3 Deficiency Results in Increased Senescence and Inflammation in Liver in Old
Female Mice
It has been indicated that aging leads to the change of lipid metabolism and the
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failure of beige adipocyte formation in white adipose tissue *'**!. In addition, we have
observed that PTX3 deficiency resulted in increased senescence and inflammation in
SV cells of ING from old female mice. f3-adrenergic agonist, CL316,243, has been
reported to stimulate the formation of new beige adipocytes (beige adipogenesis) *>*.
Our previous study has demonstrated that both WT and PTX3 KO mice had a reduction
in body weight after the 4-day treatment of CL316,243. Moreover, PTX3 deficiency
resulted in lower serum levels of FFA and TG, lipid accumulation in the liver, and an
increased senescence and inflammation in white adipose tissue. Therefore, we
determined whether PTX3 deficiency impacts senescence and lipogenesis in liver in
vivo as well. In this study, old WT and Ptx3 KO female mice (22-24 months of age)
were treated with saline (C) or CL316,243 (CL) (daily IP injection of 0.5 mg/body
weight) for 4 days. First of all, we examined the gene expression of senescence and
SASP in liver of WT and PTX3 KO mice treated with saline (C) or CL. The results
showed that PTX3 deficiency slightly increased the gene expression of senescence
marker p/6 in liver under both saline- and CL-treated conditions, but elevated p53 gene
expression in mice only under the saline treatment (Figure 6A). With regards to SASP
markers, PTX3 deficiency showed a trend towards an increase in the gene expression
of Tnfa, MIPla, Mcpl, and 1118 in liver under both saline- and CL-treated conditions

49



(Figure 6B). However, none of these changes researched a statistical significance level.
These results suggest that PTX3 deficiency has a minimal effect on liver senescence

and inflammation under both saline- and CL-treated conditions.

PTX3 Deficiency Attenuates Lipid Oxidative Metabolism in Liver in Old Female Mice

Senescence has been associated with alternation of lipid metabolism and CL plays
an important role in lipid catabolism '>#***_ Our previous studies have demonstrated
that PTX3 deficiency accelerates lipid transport and oxidation in white adipose tissue,
but decreases activity of lipogenesis and fatty acid transport in BAT (unpublished data).
Therefore, in this study, we looked into whether PTX3 deficiency affects lipid
metabolism and expression of genes involved in lipogenesis, lipolysis, fatty acids
transport, and mitochondria oxidation in liver of old female mice in response to saline
and CL treatment. Under the non-treated (saline) condition, genes controlling
lipogenesis, lipolysis, and mitochondria oxidation were downregulated in Ptx3 KO
mice; five of nine examined genes such as Ppary, Srebplc, SCDI1, ATGL, and Cox4,
were significantly downregulated and two of them Pparo and Cptlc showed a trend
towards decrease (Figure 7A and 7B). This data indicates a decreased activity of
lipogenesis and fatty acid transport in liver under the non-treated condition. Upon CL
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treatment, the gene expression of Scdl, Ppara, Cox4, and Cox8b was significantly

downregulated in WT mice. But no significant changes in the expression of these genes

by CL treatment were found in Ptx3 KO mice except for only a trend towards decreased

expression of Cox4 and Cox8b, suggesting that Ptx3 KO mice have a decreased

response to CL treatment in the activity of lipogenesis and fatty acid transport in liver

(Figure 7A and 7B). However, upon CL treatment, Ptx3 KO mice showed slightly

increased expression of lipogenesis genes Ppary, Srebplc, and SCD1 (Figure 7A), but

decreased expression of genes involved in lipolysis and mitochondria oxidation

compared to WT mice (Figure 7B). In summary, we have demonstrated that PTX3

deficiency itself significantly downregulates gene expression in lipogenesis, lipolysis,

and mitochondria function in liver. Moreover, PTX3 deficiency reduces the response to

CL treatment in lipid and mitochondrial metabolism in the liver. These results suggest

that PTX3 deficiency attenuates lipid transport and oxidation in liver.

PTX3 Deficiency Attenuates Fibrogenesis and Gluconeogenesis in Liver in Old

Female Mice

In liver, CL treatment significantly attenuated Ifny, a-SMA, and G6Pase gene

expression in WT mice, but this effect was reduced in Ptx3 KO mice (Figure 8A and
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8B). In addition, four of the genes controlling fibrogenesis and glucogenesis, Ifny, a-
SMA, G6Pase, and PEPCK, were downregulated in Ptx3 KO mice with saline treatment
with the exception of inflammation gene Cxc//0 showed a significant increase in Ptx3
KO mice (Figure 8A and 8B). The results indicate that PTX3 deficiency leads to a
decreased activity of fibrogenesis and glucogenesis, but an increased inflammation in

liver of mice.

Discussion

Our previous studies have revealed that PTX3 deficiency augmented inflammation
induced by LPS in adipose tissue in mice **. According to our unpublished work, the
gene expression data indicated that PTX3 deficiency not only resulted in increased
senescence and inflammation in brown and white adipose tissue, but also enhanced
lipid transport and oxidation in white adipose tissue of old female mice. In this study,
we further investigated whether PTX3 deficiency increases senescence, inflammation,
and fibrogenesis in SV cells of BAT and ING-WAT from old female mice. In addition,
we observed that PTX3 deficiency increased the expression of genes involved in lipid
metabolism in white adipose tissue, especially subcutaneous white adipose tissue of old
female mice. Since impaired lipid metabolism in adipose tissues alters lipid
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concentrations in blood, which subsequently affect lipid metabolism in the liver, we
also investigated the effect of PTX3 deficiency on lipid metabolism in the liver aged
female mice. We demonstrated that PTX3 deficiency resulted in increased senescence
and fibrogenesis in stromal vascular (SV) cells of ING-WAT from old female mice.
However, when determining the direct role of PTX3 in senescence and fibrogenesis,
we didn’t see the reversal effect of recombinant mouse PTX3 (rmPTX3) on senescence
and fibrogenesis in SV cells. The in vivo experiments revealed that PTX3 deficiency
slightly promoted senescence and inflammation in liver of old female mice but
attenuated lipid oxidative metabolism, fibrogenesis, and gluconeogenesis in liver of old
female mice.

In the in vitro study, we investigated whether and how PTX3 deficiency induces
senescence and fibrogenesis in SV cells isolated from BAT and ING-WAT of old female
mice. We added fresh media to the SV cell culture every two days without removing
old media after cells reached 70-80% confluence for six days. The rationale for this
protocol is that as cells are reaching confluence, increased cell-cell contacts can
accelerate replicative senescence caused by the accumulation of reactive oxidative
species (ROS) 6 and rmPTX3 intervals for six days started after cells reaching 70-80%
confluence. When compared to WT BAT-derived SV cells, the gene expression of
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senescence markers (p16, p21, Tgfp, and Collal) and fibrogenesis marker (7imp?2)
were significantly decreased in Ptx3 KO BAT SV cells. However, the gene expression
of fibrogenesis markers Cd9 and Itga5 showed significantly increased in Ptx3 KO BAT
SV cells compared to WT cells under the rmPTX3 treatment while the gene expression
of Timp2 and Pdgfra was significantly reduced in Ptx3 KO cells. Unlike BAT SV cells,
Ptx3 KO ING SV cells had significantly elevated gene expression of p/6. These results
indicate that different adipose depots showed different mechanism for the development
of senescence or aging. In addition, the Ptx3 KO ING SV cells upregulated the gene
expression of fibrogenesis markers MMP2 and Itga5, suggesting that PTX3 deficiency
can induce senescence and inflammation in ING SV cells. In terms of the rmPTX3
treatment, the results showed that the mRNA expression of p2/ and Timp2 were
significantly decreased but had no effect on the expression of others markers in WT
BAT-derived SV cells. However, in the Ptx3-deficient condition, rmPTX3 treatment
was unable to reverse the expression of three aging markers p/6, p21, and p53. On the
contrary, the rmPTX3 treatment upregulates the expression of MMP?2 and Itga5 in Ptx3
KO BAT-derived SV cells. Surprisingly, rmPTX3 treatment was able to upregulate the
expression of Pdgfra, a marker of mesenchymal stem cells in both WT and Ptx3 KO
SV cells. Pdgfra is known to be required for adipose tissue development *°, suggesting
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that rmPTX3 might be able to increase or reverse impaired adipogenesis in Ptx3 KO
BAT. When it comes to ING SV cells, we only see the upregulation of p53 expression
by rmPTX3 in WT SV cells and rmPTX3 treatment reduced the expression of 7imp?2 in
WT SV cells, as well as decreased the expression of Cd9 and Izga5 in Ptx3 KO SV cells.
However, rmPTX3 was unable to change the expression of other fibrogenesis genes
examined such as MMP2, Pdgfra, and Col6a3 in both WT and Ptx3 KO SV cells.
Therefore, we conclude that there is no reversal effect of recombinant mouse PTX3
(rmPTX3) on senescence and fibrogenesis in ING SV cells.

In the in vivo study, we used mice at the age of 22-24 months since it is similar to
about 73-80 years old in humans #’. The mice at the age of 22-24 months are appropriate
for the aging study. Previous studies have shown that aging led to the failure of beige
adipocyte formation under cold exposure in both mice and humans "2, and CL316,243
(CL), a B3-adrenergic receptor agonist has been reported to induce the formation of new
beige adipocytes. Therefore, we administrated CL316,243 (CL) to WT and Ptx3 KO
mice via intraperitoneal injection to investigate whether and how PTX3 deficiency
interferes with CL effect on senescence, lipid metabolism, and thermogenesis in liver
from old female mice. The dose and duration of CL were based on and modified from
previous studies 3**7, but most of the previous studies conducted similar experiments
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in young or male mice. It has been reported that the circulating free fatty acid and
triglyceride levels increase during aging ®*3. Our previous studies have demonstrated
that CL significantly reduces serum levels of fatty acids and triacylglycerol. However,
this effect of CL was diminished in Ptx3 KO mice. In this study, our result is consistent
with the previous work that PTX3 deficiency reduces the response to CL treatment in
lipid and mitochondrial metabolism in the liver. Although there is one study revealed
that intermittent cold exposure could ameliorate liver steatosis * and the other study
indicated that CL-induced lipolysis could increase hepatic triglyceride level *°, we
observed slightly increased lipid accumulation in the liver in Ptx3 KO mice. We have
also demonstrated that PTX3 deficiency itself significantly downregulates gene
expression in lipogenesis, lipolysis, and mitochondria function in liver, suggesting that
PTX3 deficiency attenuates lipid transport and oxidation in liver. Moreover, PTX3
deficiency attenuates fibrogenesis and gluconeogenesis in liver as well. All the data
together indicates that PTX3 plays an important role in regulating age-related alteration
of lipid metabolism. Nevertheless, how PTX3 deficiency influences lipid metabolism
in the liver needs further investigations.

In summary, the results from the present study demonstrate that PTX3 deficiency
results in increased senescence and fibrogenesis in SV cells of subcutaneous adipose
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tissue in old female mice. Moreover, PTX3 deficiency attenuates lipid transport and

oxidation, fibrogenesis, and gluconeogenesis in the liver. However, in comparison to

our previous studies, the results showed PTX3 deficiency has distinct results in different

tissues. Our results suggest that PTX3 deficiency displayed more significant effect on

adipose tissue than liver in terms of senescence. Therefore, further investigations of the

regulatory mechanisms for PTX3 role in metabolism in liver are still needed.

57



Figures and Tables

A
Cell confluency ~ 80%
1x10%/plate Day 6 Day 9
Day 0 Day 3 (replaced with fresh  (replaced with the new Day 12
(seeded in plates) (replaced medium) medium 1.5 ml/well) medium 1.5 mliwell) (collected cells and media)
B
. Cell confluency ~ 80%o
1x10-/plate Day 6 Day 9
Day 0 Day 3 (treated with (replaced with fresh rmPTX3 Day 12
(seeded in plates) (replaced medium)  rmPTX3 100 ng/ml) medium 1.5 ml/well) (collected cells and media)

Figure 1. Cellular senescence models in stromal vascular (SV) cells. The cells were
seeded at a density of 1x10° per well in 6-well plate; when reaching 70-80%
confluence (usually at day 6), SV cells were replaced with (A) fresh medium (1.5
ml/well, C) or (B) treated with rmPTX3 (100 ng/ml) for 6 days. In the control group
(C), fresh medium (1.5 ml/well) was replaced with the new medium at day 9 and day
12 for the cells; the cells and culture media were harvested at day 12. In the rmPTX3
group, the cells were treated with 100 ng/ml rmPTX3 (1.5 ml/well) for 3 days and
replaced with fresh rmPTX3 medium (1.5 ml/well) for additional 3 days; at day 12,

the cells and culture media were collected.
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BAT SV
Senescence markers
WT PTX3 KO

BAT SV
Fibrogenesis markers
wT PTX3 KO

Timp2
Col1a1
Mmp2
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Figure 2. Heatmaps of (A) senescence and (B) fibrogenesis markers BAT SV cells
from old female mice. Results are n = 3 in each group. The experiments were repeated

two to three times (triplicate each time) yielding similar results.
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ING SV
Senescence markers
WT PTX3 KO
p16 -
p21-
p53
1.0
ING SV
Fibrogenesis markers
WT PTX3 KO

Pdgfra

Gli1
Timp2

Col1a1
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Tofp
Col6a3

Itga5

Mmp2

Figure 3. Heatmaps of (A) senescence and (B) fibrogenesis markers of ING SV cells
from old female mice. Results are n = 3 in each group. The experiments were repeated

two to three times (triplicate each time) yielding similar results.
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Figure 4. Gene expression of (A) senescence and senescence-associated secretory
phenotype (SASP) and (B) fibrogenesis in the BAT SV cells from old female mice.

Results presented as mean = SE; n = 3 in each group. *P < 0.05.
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Figure 5. Gene expression of (A) senescence and senescence-associated secretory
phenotype (SASP) and (B) fibrogenesis in the ING SV cells from old female mice.

Results presented as mean = SE; n = 3 in each group. *P < 0.05.
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Figure 6. (A) Senescence and (B) senescence-associated secretory phenotype (SASP)
gene expression of liver from old female mice treated with saline (C) or CL316243

(CL) for 4 days. Results presented as mean + SE; n = 6 in each group. *P < 0.05.
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Table 1. Primer Sequences for Real-Time RT-PCR

Gene  Forward (5-3) Reverse (5-3)
Acth AACCGTGAAAAGATGACCCAGAT CACAGCCTGGATGGCTACGTA
Adipog  GCAGAGATGGCACTCCTGGA CCCTTCAGCTCCTGTCATTCC

Cd36  TCTTGGCTACAGCAAGGCCAGATA AGCTATGCAGCATGGAACATGACG
Colla] CAACCTGGACGCCATCAAG CAGACGGCTGAGTAGGGAACA
Cox4  ATGTCACGATGCTGTCTGCC GTGCCCCTGTTCATCTCGGC

CoxSb  AGGAGTGCGACCCCGAGAATC GGCTAAGACCCATCCTGCTGG

Cptlb TCTAGGCAATGCCGTTCAC GAGCACATGGGCACCATAC

Dgat  CTCTGCCACAGCATTGAGAC TGCTACGACGAGTTCTTGAG

Fasn  CTGGACTCGCTCATGGGTG CATTTCCTGAAGTTTCCGCAG

g GCAACTGTTCCTGAACTCAACT ATCTTTTGGGGTCCGTCAACT

16 ACAGGCCTGACATCTTCTGC TCTGACATGGCAGCCATTGT

ILpl TGAGAAAGGGCTCTGCCTGA GGGCATCTGAGAGCGAGTCTT
Mcepl  CTTCTGGGCCTGCTGTTCA GAGTAGCAGCAGGTGAGTGGG

pl6 CGTACCCCGATTCAGGTGAT TTGAGCAGAAGAGCTGCTACGT

p2l GGCAGACCAGCCTGACAGAT TTCAGGGTTTTCTCTTGCAGAAG
p53 CCAGGGCAACTATGGCTTIC CTCCGTCATGTGCTGTGACTT

Pecla  ACCGTAAATCTGCGGGATGATGGA AGTCAGTTTCGTTCGACCTGCGTA
Ppary  CAAGAATACCAAAGTGCGATCAA GAGCAGGGTCTTTTCAGAATAATAAG
Serpine]l TTCCAAGGCATCCAGAAGCAGAGA ACAGCAGCCGGAAATGACACATTG
Srebple  CTTTCCTGGCTTGTCCTTTGGGA GCTGGAAGGCAAAGGAACAACTGA
Tnfa ATGGCCTCCCTCTCATCAGT CTTGGTGGTTTGCTACGACG

TgfB CTGCTGACCCCCACTGATAC AGCCCTGTATTCCGTCTCCT

Upl  ACTGCCACACCTCCAGTCATT CTTTGCCTCACTCAGGATTGG

Vegfi ~ CACGACAGAAGGAGAGCAGAAGT TTCGCTGGTAGACATCCATGAA
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