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Abstract

Objective—How obesity affects the response to sepsis is not completely understood. We
hypothesize that obesity alters adipose and hepatic tissue inflammation through STAT3 activation.

Methods—Male C57BL/6 mice at six-weeks of age were randomized to a high-fat (HFD)
(60% kcal fat) or normal diet (ND) (16% kcal fat) for 6—7 weeks. Sepsis was then induced by
cecal ligation and puncture (CLP) and animals were monitored for survival or sacrificed and tissue
collected.

Results—HFD-fed mice gained more weight, had increased fat mass and were glucose
intolerant compared to ND-fed mice. Obesity increased hepatic neutrophil infiltration and injury
after sepsis. Obese mice had higher plasma leptin levels compared to non-obese mice. Adipose
tissue expression of adiponectin receptor 2, TNFa and PPARy were altered during sepsis and
affected by obesity but the greatest change in adipose tissue expression was in leptin. Septic obese
mice had lower plasma IL-17a, IL-23 and TNFa levels and increased hepatic STAT3 and Activator
Protein-1 activation compared to non-obese septic mice. Ultimately, obese mice had a lower
probability of survival following sepsis.

Conclusions—Obese mice are more susceptible to sepsis and have higher mortality, in part,
through activation of the STAT3 signaling pathway and through AP-1 activation.
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Introduction

Obesity is a significant public health problem and increases the risk for many comorbid
disorders including sepsis (1). In a cohort of Medicare patients with severe sepsis 34% were
overweight and 24% were obese or severely obese (2). Severe sepsis patients with obesity
had more days in a healthcare facility and greater Medicare expenditures compared with
non-obese patients (2). Critically ill patients with obesity also had longer durations of
mechanical ventilation and ICU lengths of stay compared to non-obese critically ill subjects

3).

Subjects with obesity may actually have a survival advantage in certain diseases (obesity
paradox). Patients with obesity had lower hospital mortality rates compared to non-obese
patients (4). These findings are in contrast to early data suggesting an increase in morbidities
and mortalities for subjects with obesity (5, 6). However, it is still unclear whether obesity is
independently associated with mortality after critical illness as some are beginning to
question the obesity paradox findings (7). Regardless of whether obesity is protective or
detrimental, given the high prevalence of obesity, it is imperative to understand the
mechanistic changes that occur during critical illness from sepsis.

Multiple studies demonstrate that obesity increases mortality in infectious animal models
(8-10). Previous work from our laboratory demonstrates that short term (3wk), HFD-fed
mice have more inflammation and higher mortality following sepsis compared to normal
diet-fed mice (10). Other studies show contradictory findings on obesity-associated mortality
after sepsis in that prolonged exposure to HFD leads to protection of sepsis-induced lung
injury (11). Hyperleptinemia from mice fed a 12-week high-fat diet improved survival after
polymicrobial sepsis (12). Therefore the impact of obesity on the outcomes from sepsis
remains unclear and may involve the effects of leptin. Leptin is increased in obese mice and
is important in energy metabolism and immune regulation (10, 13). Leptin acts through the
Janus Kinase (JAK)/signal transducer and activator of transcription (STAT3) pathway.

We hypothesize that obesity increases the inflammatory response in sepsis through alteration
of adipose and hepatic inflammation and activation of STAT3. The aim of the current study
is to validate previous findings using a longer dietary intervention model and to identify
important signaling pathways that occur in both obese and non-obese mice during sepsis.

Methods

Animal model

The investigations conformed to the Guide for the Care and Use of Laboratory Animals (14)
and was approved by the Institutional Animal Care and Use Committee at Cincinnati
Children’s Hospital Medical Center (CCHMC). The experimental groups consisted of male
C57BL/6 mice at six-weeks of age from Charles River Laboratories International, Inc.
(Wilmington, MA). Mice were housed in the animal facility at CCHMC. Food and water
were provided ad libitum. Animals were randomized to high-fat diet (HFD) (TestDiet —
58Y1) (60% kcal provided by fat) or normal diet (ND) (Formulab — 5008) (16% kcal
provided by fat) for 6—7 weeks.
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Body weight and composition

Body weights were monitored twice weekly throughout the diet phase. Body composition
was analyzed using NMR imaging by EchoMRI at the end of the 6—7 week diet phase
(EchoMRI, Houston, Tx).

Glucose tolerance test

Intraperitoneal glucose tolerance tests (GTTs) were conducted after 6-7 weeks of feeding on
HFD or ND. After a 6h fast, baseline blood glucose (250ul blood) was obtained from the tail
vein. Mice then received a 2g/kg dextrose injection. Blood glucose (250ul blood) was
assessed 15, 30, 45, 60 and 120min after injection.

Model of cecal ligation and puncture (CLP)

Mice were fed a HFD or ND for 6-7 weeks and then underwent CLP with a 22g needle to
induce polymicrobial sepsis and was performed as previously described (15). After CLP,
mice were fluid resuscitated with sterile saline (0.6ml) injected subcutaneously. Plasma,
liver and white adipose tissue (WAT) were collected at 6h after CLP for biochemical studies.

Survival studies

In separate studies, mice were divided into two treatment groups: ND mice, HFD mice after
6 weeks of feeding. Polymicrobial sepsis was induced by CLP and mice were monitored for
survival (n=8-12/group). Animals were fluid resuscitated with sterile saline (0.6ml) injected
subcutaneously.

Measurement of ALT

Plasma alanine aminotransferase (ALT) was measured using standard enzyme assay kits (ID
Labs, London, Ontario, Canada).

Measurement of hepatic triglyceride

Mouse livers were weighed, then minced into small pieces and processed according to the
manufacturer’s instructions for the triglyceride Colorimetric Assay kit (Caymen Chemical,
Ann Arbor, MI).

Measurement of myeloperoxidase activity

Myeloperoxidase activity was determined as an index of neutrophil accumulation in liver as
previously described (16).

Plasma levels of adipokines and cytokines

Plasma levels of adipokines and cytokines were measured with the multiplex assay kit
(EMD Millipore, Billerica, MA) using the manufacturer’s protocol.

Immunohistochemistry

Liver was collected and fixed in 10% buffered formalin solution overnight, followed by
paraffin embedding. Hematoxylin and eosin staining was performed on 5um sections from
the paraffin-embedded tissue blocks for conventional light microscopy. For CD68 staining,
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liver sections were deparaffinized and immunostained with rabbit anti-CD68 antibody
(Abcam, Cambridge, MA) using the automated Ventana immunostainer, according to
manufacturer’s recommendation. The cell count was performed on scanned slides using
Imagescope software (Leica Biosystems, Buffalo Grove, IL).

Gene expression analysis

RT-qPCR assays were performed using the Mouse Obesity RT2 Profiler PCR Array which
profiles the expression of 84 obesity-related genes (Qiagen, Valencia, CA). WAT were
homogenized in TRIzol (Invitrogen, Grand Island, NY). RNA was reversely transcribed
using the RT2 First Strand Kit for cDNA synthesis (Qiagen). Cycle threshold was
standardized between samples. Each sample was normalized to one of five housekeeping
genes (ACy). The fold change in each tissue was calculated using the comparative Ct
method (2AACT),

Quantitative reverse-transcription polymerase chain reaction (QRT-PCR)

To confirm the results obtained using the PCR Array we analyzed WAT gene expression of
select genes. WAT samples were homogenized in TRIzol (Invitrogen) and mRNA was
extracted and purified. The mMRNA was reversely transcribed to cDNA using the high-
capacity cDNA reverse transcription kit (Applied Biosystems, Grand Island, NY).
Comparative gPCR was performed using TagMan Gene expression master mix (Applied
Biosystems) with the following primers and probes: GAPDH (Mm99999915 gl), IL-6
(MmO00446190_ml), TNFa (Mm00443258_ml), AdipoR2 (Mm11184032_m1) and PPARYy
(Mm01184332-m1). The reaction was performed and analyzed using a quantitative PCR
system (QuantStudio-6Flex machine, Applied Biosystems). Samples were run in duplicate.
The change in gene expression was normalized to GAPDH.

Subcellular fractionation and nuclear protein extraction

Tissue samples were prepared as previously described (10). The amount of protein was
quantified by Bradford assay.

Western blot analysis

The Invitrogen NuPAGE gel electrophoresis system (Invitrogen) was used for all Western
blotting. NUPAGE 10% Bis-Tris gels were used with NUPAGE MOPS buffer and Invitrogen
Novex Mini-Cell, BioRad PowerPac 300. Membranes imaged using BioRad ChemiDoc
XRS+ gel documentation system and analyzed using ImageLab v5.1 software (BioRad,
Hercules, CA). The following antibodies were used for cytosol extracts: STAT3, pSTAT3
(Tyrosine705), pSTAT3 (Serine727) (Cell Signaling, Danvers, MA), beta-Actin (Santa Cruz,
Dallas, Texas).

Determination of activator protein-1 (AP-1) activity

AP-1 (c-Jun) activation was detected in liver nuclear extracts by using an ELISA-based
transcription factor assay kit (10). Nuclear protein, 10ug, obtained from liver extracts was
added to a 96-well plate with oligonucleotide containing the AP-1 consensus binding
sequence (Active Motif North America, Carlsbad, CA). A wild-type and mutated

Obesity (Silver Spring). Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kaplan et al.

Page 5

oligonucleotides were used for AP-1 binding to monitor the specificity of the assay (data not
shown).

Data Analysis

Results

Data were analyzed using SigmaStat for Windows Version 13 (SysStat Software, San Jose,
CA). Values in the text and figures are expressed as mean and standard error of the mean
(SEM) for parametric data and median and interquartile range for nonparametric data.
Survival analysis was performed by log-rank test. Statistical analysis were performed using
the two-way ANOVA with Holm-Sidak method for parametric and Kruskal-Wallis ANOVA
with the Dunn post hoc test for nonparametric data. A value of p < 0.05 was considered
significant.

Model of diet-induced obesity (DIO) that replicates human obesity

To determine whether this model replicates human obesity we randomized mice to a normal
or HFD for 6wks. There was no difference in age or body weight at the beginning of the
dietary intervention. After 6—7wks of feeding, HFD-fed mice had higher weights compared
to the ND group (Figure 1A). Mice fed a HFD had greater fat mass compared to mice fed a
ND as analyzed by EchoMRI (Figure 1B). HFD-fed mice had higher plasma insulin levels
compared to ND-fed mice but this did not reach statistical significance (2,041 vs 1,641
pg/ml, p=0.1). Mice fed a HFD had higher blood glucose values after glucose challenge
(Figure 1C) and elevated hepatic triglyceride levels compared to mice fed a ND (81.5 + 4.8
vs. 24.3 + 3.2 mg/dl, p<0.001). These findings confirm the methodological technique of
using a HFD to replicate human obesity and glucose intolerance.

Survival study

We have previously demonstrated that a HFD, even for a short duration, increases mortality
after sepsis (10). To determine the effects of longer-term obesity on outcomes from sepsis
we performed a survival study on mice after 6—7 weeks of feeding on ND or HFD. After the
dietary intervention, polymicrobial sepsis was induced by CLP and mice were monitored for
survival. Obese mice had shorter survival times and a lower probability of survival following
polymicrobial sepsis than non-obese mice (Figure 1D).

Plasma Adipokines — leptin and adiponectin

Obesity is characterized by an increase in plasma leptin levels. Similar to human obesity,
plasma leptin levels at baseline were significantly higher in obese mice compared to non-
obese mice (Figure 2). After CLP, leptin levels remained significantly higher in obese mice
after sepsis compared to non-obese mice after sepsis (26.6 ng/ml + 10.9 vs. 7.3 £ 5 ng/ml, p
< 0.05). The anti-inflammatory adipokine, adiponectin, was reduced in obese mice after
sepsis but remained unchanged in non-obese mice after sepsis (Figure 2B).
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Effects of a HFD on the systemic inflammatory response after sepsis

To determine the effect of obesity on the systemic inflammatory response we measured
plasma cytokine levels. Plasma levels of interleukin IL-17a and IL-23, mediators of the T
helper type 17 cellular response, increased in non-obese mice after sepsis compared to
baseline (1,407 + 442 vs. 23 + 2 pg/ml and 2,250 + 864 vs. 474 + 51 pg/ml respectively,
p<0.05) (Figure 3A&B). In obese septic mice IL-17a and IL-23 expression were
significantly lower compared to non-obese mice septic mice (685 + 191 pg/ml and 314

+ 133 pg/ml respectively, p<0.05). Plasma TNFa and IL-6 levels increased in both obese
and non-obese mice after sepsis (Figure 3C&D). Unlike IL-6 levels, plasma TNFa levels
were significantly lower in obese septic mice compared to non-obese septic mice.

Effects of obesity on liver injury and inflammation after sepsis

Multiple organ failure is a serious complication of sepsis and is usually preceded by
accumulation of neutrophils in several vital organs (17). Neutrophil infiltration in the liver
was quantified by myeloperoxidase (MPO) activity, an enzyme specific to granulocyte
lysosomes. At 6h after CLP, obese mice had an increase in MPO activity compared with
non-obese mice (11.4 + 1.4 vs. 7 £ 0.3 U/100mg tissue, p<0.05) (Figure 4A). Macrophages
were quantified by staining of the liver for the general macrophage marker, CD68.
Macrophages increased in both the obese (34 + 2.9 cells/high power field) and non-obese
(33.2 + 4.1 cells/high power field) groups after sepsis compared to baseline (21.1 + 2.2 and
18.9 £ 2.9 cells/high power field respectively), but there was no dietary effect (Figure 4C—
G).

To determine whether hepatic inflammation after high-fat feeding is associated with liver
injury we measured plasma alanine aminotransferase (ALT), an enzyme released into the
bloodstream with liver injury. Plasma ALT levels were higher after the induction of sepsis in
both obese and non-obese mice (227 U/L + 32 and 154 U/L + 10 respectively) compared
with baseline (63 U/L + 4 and 88 U/L + 21 respectively) (Figure 4B). Obese septic mice had
significantly higher ALT levels compared with non-obese septic mice (p<0.05). These
findings indicate that obese mice have more hepatic inflammation and injury than non-obese
mice after the induction of sepsis.

Effects of obesity on adipose tissue gene expression in sepsis

Little is known regarding the contribution of adipose tissue inflammation in sepsis. We
investigated differences in gene expression from obese and non-obese mice prior to and after
the induction of sepsis. Gene expression was determined using the mouse obesity RT?2
Profiler PCR Array which profiles the expression of 84 obesity related-genes. Genes
significantly overexpressed in WAT from non-obese septic mice compared to non-obese
non-septic mice include IL-1p (50.5 fold), IL-1r1 (8.4 fold), IL-6 (126 fold), and TNFa (6
fold). Genes significantly under-expressed in WAT from non-obese septic mice compared to
non-obese non-septic mice include adiponectin receptor 2 (AdipoR2) (=6.1 fold),
peroxisome proliferator activated receptor gamma (PPARY) (=8.5 fold), adrenergic receptor
beta 1 (Adrbl) (8.2 fold), nuclear receptor subfamily 1 (Nr3c1) (=5.1 fold), glucuronidase
beta (Gush) (-4.3 fold). Genes significantly overexpressed in WAT in obese septic mice
compared to obese non-septic mice include ciliary neurotrophic factor receptor (Cntfr) (4

Obesity (Silver Spring). Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kaplan et al.

Page 7

fold), IL-1p (14 fold), IL-1r1 (7 fold), and IL-6 (61 fold). Genes significantly under-
expressed in WAT from obese septic mice compared to obese non-septic mice include Adrbl
(-9 fold). Of the 84 genes, the greatest fold change in adipose tissue from septic obese mice
compared to septic non-obese mice was found in the leptin gene (Figure 5). Leptin
expression was increased 3-fold in obese non-septic mice compared to non-obese non-septic
mice. Septic obese mice had a 7-fold increase in leptin expression compared to septic non-
obese mice. Therefore the differences in leptin expression are affected by diet and sepsis.

To confirm these results we determined gene expression in WAT of select genes. As
demonstrated in Figure 6A, AdipoR2 expression decreased in WAT after sepsis but was
higher in obese mice compared to non-obese mice. Expression of IL-6 increased after sepsis
in both obese and non-obese mice (Figure 6B). White adipose tissue TNFa gene expression
increased in non-obese septic mice but not in obese septic mice (Figure 6C). As compared to
non-obese septic mice, obese septic mice had lower TNFa expression. PPARy expression
was lower in obese mice compared to non-obese mice (Figure 6D). In response to sepsis,
PPARY expression increased in obese mice but remained significantly lower than non-obese
mice.

Effects of obesity on hepatic STAT3 expression

STAT3 is an important transcription factor affecting hepatic inflammation. We investigated
the differences in the nuclear activity of STAT3 between obese and non-obese mice. As
demonstrated in Figure 7, both serine and tyrosine phosphorylation of STAT3 was increased
after sepsis in both non-obese and obese mice and was significantly enhanced in obese mice
compared to non-obese mice after sepsis (Figure 7).

Effects of obesity on hepatic AP-1 Activity

We investigated the transcription factor, AP-a as a mechanism leading to obesity-associated
inflammation. AP-1 is a transcription factor involved in the signal transduction of the
inflammatory process. Hepatic AP-1 DNA-binding activity in obese mice was greater than
non-obese mice after 6wks of feeding. Although AP-1 activity increased in hon-obese mice
at 6h after CLP, AP-1 activity was significantly higher in obese mice than non-obese mice
after CLP (Figure 8).

Discussion

We have developed a model of diet-induced obesity (DIO) that replicates human obesity in
that mice fed a 6-week HFD develop increased body weight, increased fat mass, an
accumulation of hepatic triglycerides and glucose intolerance. Using this approach provides
an opportunity to understand the mechanistic changes that occur during sepsis and to
determine the role of obesity in altering the inflammatory response after sepsis.

We found that adipose tissue expression of select inflammatory genes were altered during
sepsis and affected by obesity. Plasma and adipose leptin expression was increased obese
septic mice compared to non-obese septic mice. After the induction of sepsis, obese mice
developed significant liver injury and increased activation of hepatic STAT3 and AP-1
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compared to non-obese septic mice. Subsequently, obese mice had higher mortality
following polymicrobial sepsis.

The higher mortality in septic obese mice is similar to our previous data using a short-term
(3wk) HFD (10). In both dietary intervention time periods mice with obesity have similar
mortality. The magnitude of the survival difference in the normal and HFD groups is
different between the 3 and 6wk diet groups and reflects the differences in the survival of the
normal diet cohorts. Dietary time may also explain differences demonstrated in other rodent
models of obesity and sepsis. Multiple studies demonstrate that obesity increases
inflammation and mortality in sepsis models (8-10). Other studies utilizing longer feeding
strategies showed contradictory findings and demonstrate a protective effect of obesity
during sepsis (11, 12). The impact of obesity on the outcomes from sepsis remains unclear
but may be affected by the duration of high fat feeding.

Leptin is secreted by adipocytes and has an important role in appetite regulation and energy
homeostasis (18). Our findings are consistent with previous studies demonstrating that obese
mice have increased adipose leptin expression and hyperleptinemia (13). Leptin expression
was significantly elevated in adipose tissue from obese septic mice compared to non-obese
septic mice. Human and murine studies demonstrate that leptin is increased during sepsis
independent of body mass (19-21). Leptin also has beneficial effects because leptin deficient
mice (ob/ob) are more susceptible to bacteria and develop increased inflammation (22, 23).
Surprisingly, exogenous leptin administration given to non-obese septic mice improved their
survival (12). More studies are necessary in leptin deficient and hyperleptinemic mice to
understand the importance of leptin in the response to sepsis.

Leptin activates intracellular signaling pathways including STAT3. Phosphorylation of
tyrosine1138 and serine727 occurs in response to cytokine stimulation (24, 25). Both
tyrosine and serine STAT3 phosphorylation were increased in obese septic mice. Studies
suggest that serine STAT3 phosphorylation is required for maximal activation and may
function as a negative regulator of STAT3 activation (26, 27). The influence of both serine
and tyrosine phosphorylation on STAT3 activity still is unknown and remains a focus of our
ongoing investigations.

IL-6 activates STAT3 and is important in the acute phase response to injury (28). IL-6-
STAT3 activation promotes tumorigenesis and anti-apoptotic pathways in multiple tumor
types (29, 30). In sepsis, hepatic STAT3 activation is essential for survival (31). Septic
hepatocyte specific STAT3-deficient mice had higher mortality and lower acute phase
proteins (31). In a two-hit model of infection hepatic STAT3-deficient mice had higher
mortality and decreased alveolar macrophage reactive oxygen species production (32). It is
possible that during sepsis the STAT3 pathway, although deleterious in cancer, may lead to
cell survival and prove beneficial.

Interestingly, plasma IL-17a, IL-23 and TNFa levels in obese mice were significantly lower
after CLP compared to non-obese septic mice. These results are consistent with our previous
results in a short-term HFD model (10). A depressed cytokine response was evident in
injured patients with obesity (33). Following blunt trauma, subjects with obesity had lower
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inflammatory cytokines compared with subjects without obesity. These data suggest that
obesity leads to an impaired cytokine response after an inflammatory insult. Interleukin-23
and IL-17 are cytokines involved in tissue neutrophil recruitment. 1L-17a knockout mice
have increased susceptibility to infection compared to wild-type mice (34). IL-17a is critical
for the host defense against oral candidiasis. The reduced plasma cytokine response in mice
with obesity found in our investigations may contribute to the increased mortality after
sepsis because of a relative immune-suppression.

Activator Protein-1 activity increased in non-obese septic mice but was further enhanced in
obese septic mice. Patients with obesity are at increased risk of developing non-alcoholic
fatty liver disease (NAFLD) and non-alcoholic steatohepatitis (NASH). Hepatic NF-xB and
AP1 activity were higher in patients with NAFLD and obesity compared to patients with
obesity alone (35). The increase in these transcription factors directly correlated with insulin
resistance. AP1 activation is increased in primary mouse hepatocytes after free fatty acid
stimulation (36). We found that obese mice had higher hepatic triglyceride levels than non-
obese mice and therefore may explain AP-1 activation. This mechanism will need to be
explored in future studies. NFxB, STAT3 and AP1 are important pathways in cancer
research (37, 38). Taken together with our previous work, we have identified important
signaling pathways that are induced in septic mice with obesity.

A limitation of the study is the choice of diets. The HFD is a semi-purified diet that consists
of lard, casein, maltodextrin and sucrose among other ingredients and has many differences
compared to the normal chow diet (39). The HFD has a higher percentage of total
monounsaturated and saturated fatty acids, lower carbohydrates and protein compared to
normal chow. The normal chow diet includes corn, wheat, and soybean meal. These
ingredients, among others, can affect the endocrine response because they provide a source
of phytoestrogens (40). The differences in composition of the two diets in our study could
also alter the gut microbiota thereby affecting the inflammatory response.

In conclusion, 6 weeks of high fat feeding replicates the physiologic state that occurs in
human obesity. Diminished adipose tissue inflammatory responses may be detrimental
during sepsis. In combination with a depressed plasma cytokine response the obese mouse
may be more susceptible to multi-system organ failure, including lung and liver injury, and
ultimately death. This may occur, in part, through activation of STAT3 and AP-1 signaling
pathways.
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What is already known about this subject?

. Short term high fat feeding in mice increases mortality during sepsis
. Obesity is associated with hepatic and adipose tissue inflammation
. Hepatic STAT3 activation is important for recovery from sepsis

What does your study add?

. During sepsis we found that adipose tissue expression of adiponectin
receptor 2 was decreased in mice with and without obesity but remained
higher in mice with obesity. Mice with obesity have decreased adipose
tissue expression of TNFa and PPARYy after sepsis compared to non-obese
mice.

. Circulating plasma levels of IL-17a, IL-23 and TNFa levels in obese mice
were significantly lower after CLP compared with non-obese mice.

. These studies add to the understanding of the mechanisms of obesity-
associated inflammation during sepsis and provide signaling pathways
(STAT3 and AP-1) which could be therapeutic targets to alter the
inflammatory response in obese mice with sepsis.
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Figure 1.

Model of DIO replicates human obesity. Changes in (A) body weight (B) fat mass measured
by EchoMRI and (C) glucose tolerance test in mice fed a high fat diet (HFD) or standard
control diet (CD) for 6 weeks. Values are means = SEM. *p<0.05 vs normal diet. n=12-16/
group. White boxes=Normal diet, Black boxes = HFD. (D) Obese mice have higher
mortality after sepsis. Mice were randomized to a HFD or ND for 6-7wks. CLP was
performed and survival was monitored. Animals were censored at 30h. p=0.035 by log-rank
test, n=12/group. White diamonds = Normal diet, Black boxes = HFD.
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Figure 2.
Obesity alters adipokines after polymicrobial sepsis. Mice were randomized to a HFD or ND

for 6-7wks. Polymicrobial sepsis was induced by CLP after diet intervention. Plasma (A)
leptin and (B) adiponectin levels after CLP. *p<0.05 vs time Oh, #p<0.05 vs. normal diet.
White boxes = Normal diet, Black boxes = HFD. n=4-5 mice/group.
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Figure 3.

Obesity alters cytokines after polymicrobial sepsis. Mice were randomized to a HFD or ND
for 6-7wks. Polymicrobial sepsis was induced by CLP after diet intervention. Plasma (A)
IL-17a (B) IL-23 (C) TNFa and (D) IL-6 levels after CLP. *p<0.05 vs time Oh, #p<0.05 vs.
normal diet. White boxes = Normal diet, Black boxes = HFD. n=5-6 mice/group.

Obesity (Silver Spring). Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Kaplan et al.

Unitsf100 mg tissue

Page 16

300 |
250

200 *

55 I

w| | 7
,. )

0 CLP Time (h) 6 ¢ Time after CLP (h)
NDCLPO ND CLP 6

ALT (UL)

(0]

40 * *
30
20

10

Cell Count per 40x Magnification

HFD CLP 0 HFD CLP 6 ' ST P

Figure 4.
Mice were randomized to a HFD or ND for 6—7wks. Polymicrobial sepsis was induced by

CLP after diet intervention and (A) liver neutrophil infiltration was determined by
myeloperoxidase assay. (B) Plasma ALT levels were measured. Representative
immunohistochemistry for CD68 of liver sections from mice on (C) ND prior to CLP (D) on
ND at 6h after CLP (E) on HFD prior to CLP and (F) on HFD at 6h after CLP. Images at
20x magnification and (G) quantification performed at 40x. *p<0.05 vs. time Oh. #p<0.05
vs. normal diet. White boxes = Normal diet, Black boxes = HFD. n=5-8 mice/group.
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Figure 5.

Leptin gene expression is increased in WAT in obese mice after sepsis. 6wk male C57BL/6
mice were randomized to a HFD or normal chow diet for 6wks. Sepsis was induced by CLP
after diet intervention and epididymal WAT obtained for analysis. Gene expression profile of
84 genes related to obesity was evaluated. Center line represents unchanged gene expression.
Boundary line (dashed lines) indicates 4-fold gene regulation cut-off between septic obese
and septic non-obese samples. Leptin demonstrated differences that represented more than a
doubling or halving (log 2 changes of >1.0 or —1.0, respectively) and were statistically
significant at p <0.05. n=3 mice/group.
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Figure 6.
The expression of (A) Adiponectin Receptor 2 (B) IL-6 (C) TNFa and (D) PPARY in WAT

were measured by RT-gPCR after CLP. *p<0.05 vs. time 0h. #p<0.05 vs. normal diet. White
boxes = Normal diet, Black boxes = HFD. n=6 mice/group.
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Figure 7.

Phosphorylation sites of STAT3 expression in liver. (A) Changes in tyrosine705 and (B)
serine727 phosphorylation of STAT3 and STAT3 expression in liver nuclear extracts by
Western blot. (C & D) Densitometric analysis. White boxes = Normal diet, Black boxes =

HFD. *p<0.05 vs time Oh. #p<0.05 vs normal diet.
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Figure 8.
Liver nuclear extracts were obtained from ND and HFD-fed mice after CLP. Liver AP-1

DNA binding was evaluated by transcription factor assay kit. n= 6-8/group. White boxes =
Normal diet, Black boxes = HFD. *p<0.05 vs time Oh. #p<0.05 vs normal diet.
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