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Skeletal Muscle Interleukin-6 Regulates Metabolic Factors
in IWAT during HFD and Exercise Training

Jakob G. Knudsen', Leerke Bertholdt', Ella Joensen', Signe B. Lassen’, Juan Hidalgo?, and Henriette Pilegaard’

Objective: To investigate the role of skeletal muscle (SkM) interleukin (IL)-6 in the regulation of adipose
tissue metabolism.

Methods: Muscle-specific IL-6 knockout (IL-6 MKO) and IL-6'F/°*P (Floxed) mice were subjected to
standard rodent diet (Chow), high-fat diet (HFD), or HFD in combination with exercise training (HFD ExTr)
for 16 weeks.

Results: Total fat mass increased (P < 0.05) in both genotypes with HFD. However, HFD IL-6 MKO mice
had lower (P < 0.05) inguinal adipose tissue (\WAT) mass than HFD Floxed mice. Accordingly, iWAT glu-
cose transporter 4 (GLUT4) protein content, 5AMP activated protein kinase (AMPK)™™"72 phosphoryla-
tion, and fatty acid synthase (FAS) mRNA content were lower (P < 0.05) in IL-6 MKO than Floxed mice on
Chow. In addition, iWAT AMPK™"72 and hormone-sensitive lipase (HSL)®*"®®° phosphorylation as well as
perilipin protein content was higher (P <0.05) in HFD IL-6 MKO than HFD Floxed mice, and pyruvate
dehydrogenase E1a (PDH-E10) protein content was higher (P < 0.05) in HFD ExTr IL-6 MKO than HFD
ExTr Floxed mice.

Conclusions: These findings indicate that SkM IL-6 affects iIWAT mass through regulation of glucose
uptake capacity as well as lipogenic and lipolytic factors.
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are increased in visceral WAT during HFD administration. In addi-
tion, 5’AMP activated protein kinase (AMPK) phosphorylation and
protein content have been shown to be lowered by HFD feeding (6).
Because AMPK phosphorylates the inhibitory Ser565 on hormone-
sensitive lipase (HSL) (11), this may suggest that lipolysis is
increased in WAT in response to HFD. However, the same study
showed that HFD feeding reduced HSLS°™% and 5¢"%° phosphoryla-
tion and perilipin protein content in mouse inguinal WAT (iWAT)
and eWAT (6). Together this indicates that HFD results in increased
basal lipolysis and triglyceride synthesis as well as reduced protein
kinase A (PKA) -dependent lipolysis relative to chow feeding.

Introduction

White adipose tissue (WAT) has been considered an inert tissue
with the sole purpose of storing energy in the form of triglycerides
and releasing non-esterified fatty acids (NEFA) when needed. How-
ever, studies have shown that WAT releases adipokines, which exert
effects on other tissues (1), WAT is susceptible to exercise training
adaptations (2,3), and WAT may play an important role in develop-
ment of metabolic diseases such as type 2 diabetes (4).

Prolonged energy surplus results in larger WAT mass, altered WAT
morphology, and adipocyte hypertrophy (5), which has been associ-
ated with increased basal lipolysis and higher NEFA concentrations

in the circulation (6). Furthermore, previous studies in rats and mice
have shown that intake of high-fat diet (HFD) decreased visceral
WAT glucose transporter 4 (GLUT4) mRNA and protein content
(7,8) and increased sterol regulatory binding element (SREBP)-Ic,
fatty acid synthase (FAS), and lipoprotein lipase (LPL) mRNA con-
tent in epididymal WAT (eWAT) (9,10). This indicates that carbo-
hydrate metabolism is decreased and lipid uptake and lipogenesis

The changes in WAT metabolism in response to HFD may have det-
rimental effects on whole-body metabolism. However, exercise
training has been shown to increase insulin sensitivity (12), glucose
uptake (2,3), and lipolytic capacity in human adipose tissue (13).
Previous studies have suggested that exercise training-induced adap-
tations in adipose tissue metabolism are regulated by interleukin
(IL)-6, secreted from skeletal muscle (SkM) during exercise (14-16).
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Figure 1 (a) Gel electrophoresis of PCR products generated with primers surrounding exon 2 of the IL-6 gene in quadriceps (SkM), brown
adipose tissue, heart, IWAT, eWAT, and liver and (b) IL-6 mRNA content in quadriceps in Floxed and IL-6 MKO mice after 16 weeks on
Chow, HFD, or HFD combined with exercise training (HFD ExTr). A reduction in band size from 1,000 bp to 260 bp in panel a is consistent
with loss of exon 2 of the IL-6 gene. Values are mean = SE. *Significantly different from Floxed within given intervention (P < 0.05).

In line with this, infusion of recombinant IL-6 in human subjects
has been reported to increase lipolysis and fatty acid (FA) oxidation
(17,18), and whole-body IL-6 knockout (KO) mice have been dem-
onstrated to develop obesity (19). Furthermore, a previous study has
shown that the reduction in iWAT AMPK protein content observed
in WT mice in response to exercise training was absent in IL-6 KO
mice (15). As AMPK phosphorylation was similar in iWAT in exer-
cise-trained IL-6 KO and WT mice (15), this may indicate that IL-6
contributes to maintaining the ability to induce PKA-dependent
lipolysis after exercise training. In addition, previous studies have
reported that cold exposure and exercise training-induced regulation
of uncoupling protein (UCP)l mRNA and protein content in mouse
iWAT was dependent on IL-6 (16), and that IL-6 indirectly regulated
the glyceroneogenic factors phosphoenolpyruvate carboxykinase
(PEPCK) and pyruvate dehydrogenase kinase (PDK)4 in mouse eWAT
(20). Taken together these findings indicate that IL-6 exerts effects in
both eWAT and iWAT, and a recent study suggests that IL-6 signaling
may be different in the two depots (21). It has recently been reported
that SkM-specific knockout of IL-6 (IL-6 MKO) led to reduced fat
mass and body weight in male mice when on HFD (22), suggesting
that SkM IL-6 does not decrease but rather maintain, adipose tissue
mass. However, the mechanisms underlying the reduced adipose tissue
mass in male IL-6 MKO mice are unknown.

Therefore, the aim of the present study was to test the hypotheses
that SkM IL-6 is required for (1) maintenance of WAT mass and
metabolism in mice on HFD and (2) counteraction of HFD-induced
changes in WAT with exercise training in mice.

Methods

Animals

C57BL/6 mice carrying loxP inserts surrounding exon 2 of the IL-6
gene as previously described (23) were bred with C57BL/6 mice
carrying the Cre recombinase gene under the control of the myoge-
nin promoter (24). This generated Floxed mice carrying the loxP
insert (Floxed) and IL-6 MKO mice. Knockout of IL-6 in SkM, but
not in heart, brown adipose tissue, iWAT, eWAT, and liver was

confirmed using primers surrounding exon 2 of the IL-6 gene (Fig-
ure la). In addition, IL-6 mRNA was decreased in quadriceps of IL-
6 MKO mice compared with Floxed mice (Figure 1b). The residual
mRNA content is assumed to be contamination from other cell types
in whole muscle tissue. In addition, basal plasma IL-6 levels were
undetectable in both genotypes (data not shown).

All animals in this study were kept at 22°C and at a 12:12 h light:-
dark cycle with ad libitum access to standard rodent diet (Chow)
and water if not stated otherwise. All experiments were approved by
and carried out according to the guidelines provided by The Danish
Animal Experiments Inspectorate (The Danish Ministry of Fishery
and Foods, Denmark).

Protocol

Male Floxed and IL-6 MKO mice were at the age of 8 weeks each
randomly divided in three groups and housed individually. A group
receiving standard rodent chow diet (Altromin 1314F, Brogaarden,
Lynge, Denmark), a group receiving HFD with 60% of calories
from fat (Altromin C 1090-60, Brogaarden, Lynge, Denmark), and a
group receiving HFD while having access to a running wheel in the
cage (HFD ExTr) (n = 10) for 16 weeks. The HFD ExTr group was
during the last 4 weeks running on a treadmill three times a week at
13.8 m/min and 10° incline for 60 min the first week increasing to
16.2 m/min and 10° incline for 60 min the last week. Body weight,
food intake, and running distance were recorded weekly. Two days
before euthanization, mice were MRI scanned (EchoMRI 4inl,
Zinsser Analytic GMBH, Frankfurt, Germany). The reduced number
of mice in the MRI data was due to a machine break down (n =4-
9). After 16 weeks of intervention the mice were euthanized by cer-
vical dislocation, trunk blood was collected in EDTA containing
tubes and all iWAT and eWAT were quickly removed and snap fro-
zen in liquid nitrogen. Blood was centrifuged at 2,600g, 4°C for 15
min and plasma was collected.

Plasma NEFA and IL-6

Plasma NEFA concentration was measured according to the manu-
facturer’s protocol (WAKO, Germany). Plasma IL-6 was measured
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TABLE 1 Primer and Tagman probe sequences used for real-time PCR

Gene Forward primer Reverse primer Probe

Cytc 5" TGCCCAGTGCCACACTGT 3 5" CTGTCTTCCGCCCGAACA 3’ 5" AGGCAAGCATAAGACTGGACCAAATCTCCA 3
FAS 5" ATCCTGGAACGAGAACACGATCT 3 5" GGACTTGGGGGCTGTCGTGTCA 3 5" CAGTGAAGAAAAGACTCTGGATGGGCACA 3
LPL 5" GAGAGCGAGAACATTCCCTTCA ¥ 5" TCCACCTCCGTGTAAATCAAGA 3 5" CCTGCCCGAGGTTTCCACAAATAAAACCTA 3’
IL-6R 5" CCACGAAGGCTGTGCTGTTT 3’ 5" GACAGGGCACCTGGAAGTCA 3 5" CAAAGAAAATCAACACCACCAACGGGAA 3
PGC-1a 5" CTCCCTTGTATGTGAGATCACGTT 3’ 5" TGCGGTATTCATCCCTCTTGA 3’ 5" ACAGCCGTAGGCCCAGGTACGACA 3’
UCP1 5" AAGCGTACCAAGCTGTGCG A ¥ 5" AGAAAAGAAGCCACAAACCCTT 3’ 5" CCATGTACACCAAGGAAGGACCGACG 3

using mesoscale discovery v-plex kit according to manufacturer’s
protocol (MSD, Rockville, MD).

Glucose and insulin tolerance

The mice were fasted for 6 h (5.30 am to 11.30 am) followed by
weighing and measurement of fasting tail blood glucose with a gluc-
ometer (Bayer Healthcare inc., Germany). Then mice received an
intraperitoneal (IP) injection of glucose (2 mg/g mouse) for the glu-
cose tolerance test (GTT) and insulin (0.5 mU/g mouse) for the
insulin tolerance test (ITT) (Actrapid, Novo Nordisk, Denmark).
Tail blood glucose concentration was measured with the glucometer
(Bayer Healthcare Inc.) 15, 30, 45 60, 90, and 120 min after the
injection.

RNA isolation and reverse transcription

RNA was isolated from ~35 mg crushed or finely cut adipose tissue
using a guanidinium-thiocyanate-chloroform protocol (25) with mod-
ifications (26). Reverse transcription was performed on 1 ng RNA
using Superscript II RNAse H ™ system and oligodT (Life Technolo-
gies, Naerum, Denmark).

Real-time PCR

Real-time PCR was performed using the ABI-7900 Sequencing
Detection System (Applied Biosystems, Foster City, CA). mRNA
sequences were obtained from the ensemble database (ensam-
bl.org). Primers and Tagman probes were designed using Primer
Express (Applied Biosystems) (Table 1) and probes were 5'-6-
carboxyfluorescein (FAM) and 3'-6-carboxy-N,N,N',N'-tetramethylr-
hodamine (TAMRA) labeled. Samples were run in triplicates
together with a tissue-specific serial dilution made from a pool of
all samples from that tissue. A standard curve was constructed
from the results of the serial dilution and used for quantification.
Samples were then normalized to single-stranded (ss) DNA deter-
mined by OliGreen® (Life Technologies) as previously described
27).

SDS PAGE and Western blotting

Protein lysates were generated from ~80 mg of finely cut adipose
tissue by homogenization in lysis buffer (28) using a tissue lyzer
(Qiagen, Germany). Immediately after homogenization, SDS was
added to a concentration of 2%. Samples were then centrifuged at
16,000g for 20 min at 4°C to generate lysates. The bicinchoninic
acid assay (Thermo Fischer Scientific, MA) was used to determine
the protein concentration in the samples and samples were adjusted
to a protein concentration of 0.5 pg/ul in sample buffer.

An equal amount of protein was separated by SDS-polyacrylamide
gel electrophoresis (SDS PAGE) and blotted on to a PVDF mem-
brane by semidry blotting. The membrane was then blocked for 1 h
in 3% fish gel (FG) (Sigma Aldrich, Copenhagen, Denmark) and
incubated overnight in primary antibody against AMPK«l1 protein
(Hardie G.), AMPK™172 phosphorylation (#2535s Cell Signaling
Technologies (CST), Danvers, MA), HSL protein, and HSL5er0%0
and 5% a5 well as perilipin (#8334S CST), GLUT4 protein (#PAI-
1065, ABR), PEPCK protein (#10004943, Cayman Chemical Co.,
Ann Arbor, MI), PDK4 protein (Hardie G.), PDH-Ela protein (Har-
die G.), PDH**** phosphorylation (Hardie G.), and PDH%*"**? phos-
phorylation (#AP1063, Millipore). The following day the membrane
was incubated in secondary antibodies (Dako) in 3% FG and quanti-
fied using LAS 4000 and Image Quant TL 8.1 (GE Healthcare,
Germany).

Statistics

All data are presented as mean * standard error (SE). A Two way
ANOVA was used to test the effect of intervention and genotype. A
Student Newman—Keuls post hoc test was used to locate differences.
When equal variance was not present, a one way ANOVA was used
to test for effects of intervention and a t-test was used to test for
effects of genotype within each of the groups. A significant level of
P <0.05 is used.

Results

Body weight and composition

The body weight of IL-6 MKO mice, but not Floxed mice, was
higher (P <0.05) on HFD than Chow (Figure 2a), while body
weight was similar in HFD ExTr and Chow for both genotypes (Fig-
ure 2a). Both genotypes had larger (P <0.05) fat and lower
(P <0.05) lean body mass on HFD than Chow. Total fat mass was
lower (P <0.05) and total lean mass was larger (P < 0.05) in HFD
ExTr than HFD in both genotypes (Figure 2b,c). Additionally, both
eWAT and iWAT mass was larger (P <0.05) on HFD than Chow
for both genotypes, but iWAT mass was lower (P <0.05) in IL-6
MKO mice than Floxed mice when on HFD. Furthermore, eWAT
mass in Floxed mice was lower (P < 0.05) in HFD ExTr than HFD
mice (Figure 2d,e).

Glucose and insulin tolerance

Glucose tolerance was impaired (P < 0.05) in HFD relative to Chow
mice for both genotypes, and exercise training did not affect the glu-
cose tolerance relative to HFD (Figure 3a). Insulin tolerance was
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Figure 2 Body weight, body composition, and food intake in Floxed and IL-6 MKO mice after 16 weeks on Chow, HFD, or HFD combined with exer-
cise training (HFD ExTr). (a) Body weight (n = 10), (b) lean mass as percentage of body weight (n = 4-9), (c) fat mass as percentage of body weight
(n = 4-9), (d) IWAT mass (n = 10), (€) eWAT mass (n = 9-10), (f) calorie intake (n = 10). Values are mean = SE. *Significantly different from Chow within
given genotype (P < 0.05). “Significantly different from HFD within given genotype (P < 0.05). *Significantly different from Floxed within given interven-

tion (P < 0.05).

unaltered in response to HFD and HFD with exercise training for
both genotypes (Figure 3b).

Plasma NEFA
Plasma NEFA concentrations were lower (P < 0.05) with HFD and
HFD ExTr in Floxed mice (Figure 3c).

Regulators of lipolysis

The AMPK™'72 phosphorylation in iWAT was lower (P <0.05) in
IL-6 MKO than Floxed Chow mice (Figure 4a). Furthermore,
AMPK™172 phosphorylation was lower (P <0.05) in Floxed HFD
mice, and higher (P < 0.05) in IL-6 MKO HFD mice than the corre-
sponding Chow mice. This resulted in higher (P <0.05) AMPK
phosphorylation in IL-6 MKO than Floxed HFD mice (Figure 4d).
Furthermore, iWAT AMPK™'72 phosphorylation was higher
(P <0.05) in Floxed mice on HFD ExTr than HFD. In addition, IL-
6 MKO mice had higher AMPK™'7? phosphorylation (P < 0.05)
when on HFD ExTr than Chow (Figure 4a). AMPKol protein con-
tent in iWAT was higher (P <0.05) in HFD and HFD ExTr than
Chow for IL-6 MKO mice, while no differences were observed in
Floxed mice (Figure 4d).

There were no differences in iWAT HSL3°®® phosphorylation in
either genotype (Figure 4b). However, phosphorylation of HSLS¢™%
in iWAT was higher (P <0.05) in HFD IL-6 MKO mice than HFD

Floxed mice (Figure 4c). While no differences were observed in
iWAT HSL protein content in either genotype (Figure 4e), iWAT
perilipin protein content in IL-6 MKO mice was higher (P < 0.05)
in HFD and HFD ExTr than Chow. This resulted in higher perilipin
protein content in IL-6 MKO than Floxed mice on HFD and HFD
ExTr (Figure 4f).

Regulators of lipid and glucose uptake,
lipogenesis, and glyceroneogenesis

iWAT GLUT4 protein content in Floxed mice was lower (P < 0.05)
in HFD and HFD ExTr than Chow. Moreover, GLUT4 protein con-
tent in iWAT was lower (P <0.05) in IL-6 MKO than Floxed mice
when on chow diet (Figure 5a). iWAT PEPCK protein content was
higher (P <0.05) in IL-6 MKO than Floxed mice on HFD (Figure
5b). In Floxed mice, iWAT LPL mRNA content was lower
(P <0.05) in HFD than Chow (Figure 5c), and iWAT FAS mRNA
content was lower (P <0.05) with HFD and HFD ExTr than Chow.
In addition, iWAT FAS mRNA content in IL-6 MKO was lower
(P <0.05) in HFD and HFD ExTr than Chow. Furthermore, FAS
mRNA content was also lower (P < 0.05) in IL-6 MKO than Floxed
Chow mice (Figure 5d).

Key factors in substrate choice
iWAT PDH5"% and 5'2%2 phosphorylation was lower (P < 0.05) in
HFD and HFD ExTr than Chow for both genotypes (Figure 6a,b),
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and iWAT PDH®% phosphorylation was lower (P < 0.05) in IL-6
MKO than Floxed mice on Chow (Figure 6a). In Floxed mice,
iWAT PDH-El« protein content was lower (P < 0.05) in HFD ExTr
than both HFD and Chow, while PDH-Ela protein content was
higher (P < 0.05) in IL-6 MKO than Floxed within HFD ExTr mice
(Figure 6d). Additionally, iWAT PDK4 protein was lower
(P <0.05) in HFD and HFD ExTr than Chow for both genotypes
(Figure 6c¢).

Discussion

The present study demonstrates for the first time that SkKM IL-6 regulates
GLUT4 protein content and AMPK-phosphorylation in iWAT and is
required to prevent a HFD-induced increase in iWAT perilipin protein
content and HSL5® phosphorylation. Furthermore, SkM IL-6 affects
PDH-Ela protein content in iWAT in response to exercise training
when on HFD.

The present observation that body weight was unaffected by HFD in
Floxed mice was unexpected but in accordance with the only slightly

increased caloric intake with HFD relative to Chow. This may be due to
the method of feeding, as food was changed once a week in the present
study and 2-3 times a week in a previous study, where body weight was
increased with HFD in both Floxed and IL-6 MKO mice (22). However,
the lack of an increase in body weight may also be due to housing condi-
tions as mice in the present study were housed individually and mice in
the previous study were housed 4-5 mice per cage. Thus, housing the
mice individually may have increased the demand for thermoregulation
(29) and resulted in a higher energy expenditure. Despite this, the find-
ings that both genotypes on HFD gained more body weight (Supporting
Information Figure S1) than Chow and increased fat mass and reduced
lean mass relative to Chow indicate that HFD did have a metabolic
impact. In addition, fat mass was decreased when HFD was combined
with exercise training suggesting that exercise training was effective in
eliciting metabolic effects. Furthermore, the present study confirms that
male IL-6 MKO mice have a reduced iWAT mass as previously shown
(22).

The novel findings that iWAT GLUT4 protein was lower in IL-6
MKO than Floxed mice on chow diet and that no further reduction
was observed with HFD in IL-6 MKO mice indicate that SkM IL-6
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content and (d) PDH-E1a protein content (n =9-10). Values are mean = SE. *Significantly different from Chow within
given genotype (P < 0.05). “Significantly different from HFD within given genotype (P < 0.05). *Significantly different
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contributes to the regulation of iWAT glucose metabolism. How-
ever, the similar glucose and insulin tolerance in IL-6 MKO and
Floxed Chow mice suggests that the reduced iWAT GLUT4 level
did not affect whole-body glucose metabolism in IL-6 MKO mice,
But other tissues may be capable of compensating for the loss of
glucose transport capacity in iWAT. It may be suggested that the
lower GLUT4 content was due to the decreased AMPK phosphoryl-
ation observed in iWAT of IL-6 MKO relative to Floxed mice when
on chow diet because GLUT4 expression has been shown to
increase in response to AICAR and to depend on AMPK activation
in SkM (30). This is supported by the previous observation that
AMPK phosphorylation in iWAT was lower in IL-6 KO mice than
WT mice (14). However it should be noted that no genotype differ-
ences were observed in the present study when AMPK phosphoryla-
tion was normalized to AMPKul1 protein content.

In addition, glucose can be converted to glyceraldehyde-3-phosphate
and used for re-esterification. As Floxed, but not IL-6 MKO mice,
reduced the GLUT4 protein content in response to HFD feeding, it
may be suggested that the lower iWAT GLUT4 content in IL-6
MKO mice on Chow limited the re-esterification of lipids when IL-

6 MKO mice were on HFD. This may have contributed to a reduced
accumulation of FA in iWAT and thus the lower iWAT mass in IL-
6 MKO.

Adipose tissue FA uptake from circulating triglyceride (TG) sources is
limited by LPL in the adipose tissue and thus LPL plays an important
role in regulating adipose tissue mass (31). The observation that iWAT
LPL mRNA content was lower in IL-6 MKO than Floxed mice on chow
(significant when using a #-test (P < 0.05)) may therefore have resulted
in a lower iWAT FA uptake in IL-6 MKO than Floxed mice. Thus this
may have caused the IL-6 MKO mice to accumulate less TG in iWAT
when put on HFD and hence contributed to the reduced iWAT mass in
IL-6 MKO. The seemingly reduced capability to retrieve FA and glucose
from the circulation was reflected in the lower iWAT FAS mRNA con-
tent in IL-6 MKO Chow mice than Floxed Chow mice. FAS mRNA
content and FA synthesis have previously been shown to be increased in
subcutaneous adipose tissue of GLUT4 KO mice (32). Nevertheless, the
present findings that decreased iWAT GLUT4 content in IL-6 MKO
mice on chow diet was associated with lower iWAT FAS mRNA con-
tent indicate that SkM IL-6 regulates FAS and GLUT4 in parallel to
increase FA synthesis in iWAT.
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Previous studies have shown increased basal lipolysis and decreased
PKA-dependent lipolysis in iWAT with HFD diet (6). Thus, it may be
speculated that the lower iWAT mass observed in IL-6 MKO than
Floxed mice on HFD was due to increased lipolysis. However, both
HSL5*% phosphorylation and perilipin protein content were increased
in IL-6 MKO relative to Floxed mice on HFD. As phosphorylation of
HSL3"5% inhibits PKA induction of lipolysis (11) and perilipin null
mice have been shown to have increased basal lipolysis (33), this may
suggest that both basal and PKA-dependent lipolysis was decreased
rather than increased in iWAT of IL-6 MKO mice. However, the obser-
vation that NEFA concentrations were reduced with HFD only in Floxed
mice and that plasma glycerol was unaltered (data not shown) does not
support this possibility.

It might be speculated that a reduction in re-esterification in response to
HFD could lead to an increase in FA release and thus have contributed
to the lower iWAT fat mass observed in the IL-6 MKO relative to
Floxed mice on HFD. However, IL-6 MKO mice had higher PEPCK
protein content in iWAT than Floxed mice when on HFD, indicating
that iWAT glyceroneogenic capacity was increased during HFD when
SkM IL-6 was lacking. Glyceroneogenic activity is also dependent on
substrate derived from pyruvate, and regulation of the PDH activity is
therefore important for glyceroneogenic activity. It would be anticipated
that HFD would reduce PDH activity to increase glyceroneogenic sub-
strate availability. On the other hand, the observation that iWAT PDK4
protein and PDH-Elo phosphorylation decreased with HFD feeding in
both genotypes without changes in PDH-Elo protein content suggests
that PDH activity was increased and glyceroneogenesis decreased in
iWAT with HFD. Moreover, the findings that iWAT PDH-El« protein
content in HFD ExTr was decreased in Floxed mice and increased in IL-
6 MKO mice relative to HFD, and with no change in the absolute PDH
phosphorylation, mean that the fraction of unphosphorylated and poten-
tially active PDH may have been higher in IL-6 MKO than Floxed HFD
ExTr mice. This may reflect that carbohydrate rather than fat was used
for oxidation, and glyceroneogenic activity remained low during HFD
combined with exercise training in IL-6 MKO mice. This possibility is
in agreement with a previous study showing that IL-6 regulates PDH
activity in mouse SkM (34).

Contrary to the findings in iWAT, knockout of SkM IL-6 did not have
any effect on factors involved in the regulation of lipogenesis, lipolysis,
glyceroneogenesis, or glucose transport capacity in eWAT (Supporting
Information Figures S2 and S3). This may suggest that SkKM IL-6 mainly
contributes to the regulation of metabolic factors in iWAT.

In conclusion, the current study shows for the first time that loss of SkM
IL-6 alters iWAT GLUT4 protein content and contributes to the regula-
tion of iWAT fat accumulation in response to HFD. Furthermore, the
present findings indicate that SkKM IL-6 is important for the regulation of
iWAT proteins involved in substrate choice in response to exercise train-
ing, while eWAT metabolism is regulated independent of SkM IL-6.
Taken together these findings indicate that SkM IL-6 contributes to the
regulation of key factors in iWAT metabolism. O
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