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White adipose tissue but recently also brown adipose tissue have emerged

as endocrine organs. Age-associated obesity is accompanied by prolonged and

elevated lipopolysaccharide (LPS)-induced sickness symptoms and increased cytokine

and adipokine levels in the circulation partially originating from adipose tissue.

In the present study, ex vivo fat explants were used to investigate how the

exogenous pathogen-associated molecular pattern (PAMP) LPS or the endogenous

danger-associated molecular patterns (DAMPs) high mobility group box-1 protein

(HMGB1) and biglycan modulate the release of cytokines and adipokines/batokines

and, thus, could influence systemic and/or local inflammation. The response of adipose

tissue (epididymal, retroperitoneal, subcutaneous, and brown) was compared between

young lean and old obese rats (2 vs. 24 months old). LPS induced a strong interleukin

(IL)-6 and tumor necrosis factor (TNF) alpha release into the supernatant of all adipose

tissue types investigated. HMGB1 (subcutaneous) and biglycan (retroperitoneal) led to an

increased release of IL-6 and TNFalpha (HMGB1) and decreased visfatin and adiponectin

(biglycan) secretion from epididymal adipose tissue (young rats). Visfatin was also

decreased by HMGB1 in retroperitoneal adipose tissue of old rats. We found significantly

higher leptin (all fat pads) and adiponectin (subcutaneous) levels in supernatants of

adipose tissue from old compared to young rats, whereas visfatin secretion showed the

opposite. The expression of the biglycan receptor Toll-like receptor (TLR) 2 as well as the

LPS and HMGB1 receptors TLR4 and receptor for advanced glycation end products

(RAGE) were reduced with age (TLR4/RAGE) and by stimulation with their ligands

(subcutaneous). Overall, we revealed that adipokines/adipose-tissue released cytokines

show some modulation of their release caused by mediators of septic (batokines) and
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FIGURE 1 | LPS-dependent changes of cytokine secretion. Increase in bioactive interleukin-6 (IL-6) (A) and tumor-necrosis factor-α (TNFα) (B) like activity in

supernatants of stimulated ex vivo cultures. Columns represent means ± SEM. §main effect treatment, #main effect age, *PBS vs. LPS, +young vs. old; (A) §§§p <

0.0001; #p = 0.0115; ***p < 0.001; ++p < 0.01; (B) epididymal/retroperitoneal/subcutaneous: §§§p < 0.0001; brown: §§§p = 0.0002; epididymal: ###p = 0.0002;

retroperitoneal: ###p = 0.0001; *p < 0.05; ***p < 0.001; +++p < 0.001.

age with overall higher levels in supernatants of aged rats only in
SAT (Figures 4A,D). However, biglycan had a significant effect
on adiponectin secretion and reduced its levels in EFAT of young
but not old rats. Leptin secretion confirmed to be increased in
aged rats (main effect of age) but was not altered by HMGB1
or biglycan (Figures 4B,E). For visfatin (Figures 4C,F), overall
lower levels were found in WAT of aged rats (EFAT, RFAT).
Interestingly, HMGB1 (EFAT, RFAT) and biglycan stimulation
(EFAT) significantly reduced visfatin secretion in WAT of young
(EFAT, HMGB1, and biglycan) or aged (RFAT, HMGB1) rats.

HMGB1 and Receptor Expression for
DAMPS and LPS in SAT of Young and Old
Rats and Its Modulation by
LPS/HMGB1/Biglycan Stimulation
To get some insights in potential changes in receptor expression
of all stimulants applied in the current study, RAGE, TLR2, and
TLR4mRNA expression was analyzed in SAT as some of themost
pronounced changes for cytokines were revealed in this fat pad
(Figure 5). HMGB1 mRNA expression was significantly altered
neither by age nor by treatment (Figures 5A–C, only main effect

of age in B). RAGE expression (Figures 5D–E) was reduced in
SAT of aged rats (main effect of age) and was also reduced by LPS
treatment (main effect of treatment) with some tendency for its
second ligandHMGB1 (significant lowermRNA levels in aged vs.
young SAT).

TLR2-mRNA expression (Figures 5G–I) was significantly
higher in aged compared to young SAT (main effect of age).
Moreover, its expression was significantly reduced by DAMP
treatment (main effect of treatment; significant reduction for
aged SAT after biglycan treatment as revealed by post hoc
test). In contrast to these effects, the LPS receptor mRNA
expression (Figures 5J–L) was reduced by treatment with its
ligand, while DAMP did not alter its expression. Unlike
TLR2 expression, TLR4 expression was reduced in SAT of
aged rats compared to their young counterparts (main effect
of age).

DISCUSSION

In our current study, we characterized the age and fat
pad-specific potential of the exogenous PAMP LPS and the
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FIGURE 2 | (A,B) Cytokine secretion of adipose tissue due to stimulation with HMGB1. HMGB1 treatment increases secretion of bioactive cytokines by

retroperitoneal and subcutaneous adipose tissue. Columns represent means ± SEM. §main effect treatment, # main effect age, *PBS vs. HMGB1, +young vs. old;

(A) §p = 0.0423; §§§p < 0.0001; ##p = 0.0087; ###p < 0.0001; *p < 0.05; ***/+++p < 0.001; (B) §§§p < 0.0001; #p = 0.0223; ###p < 0.0001; *p < 0.05.

(C,D) Cytokines in supernatants in response to biglycan. There is just little modulation of adipo-cytokine secretion due to biglycan. Columns represent means ± SEM.
§main effect treatment, #main effect age, *PBS vs. biglycan, +young vs. old; (C) §p = 0.0482; §§p = 0.0053; #p = 0.0418; **p < 0.01; +p < 0.05; (D) §§§p <

0.0001; ##p = 0.0031; ###p < 0.0001.

endogenous DAMPs HMGB1 and biglycan on local cytokine
and adipokine/batokine secretion from RFAT, EFAT, SAT, and
BAT. For the first time, the full characterization revealed that
cytokine secretion can be stimulated by both exogenous and
endogenous stimuli of the innate immune system, in a region-
specific and comparable manner. We show enhanced LPS-
induced upregulation or downregulation of IL-6 (SAT vs. BAT)
or TNFα (EFAT, RFAT) secretion in fat tissue of aged vs.
young rats. HMGB1 stimulated a similar response in SAT
on IL-6 secretion while biglycan-induced IL-6 secretion was
mainly observed in RFAT. Adipokine secretion was altered
by age, i.e., increased adiponectin (SAT) and leptin (all fat
pads) secretion and reduced visfatin release from all fat
pads analyzed except for SAT. While LPS treatment did not
influence adipokine secretion, the DAMPs HMGB1 and biglycan
reduced visfatin secretion in EFAT (HMGB1 and biglycan) and
RFAT (HMGB1) and adiponectin secretion in EFAT (biglycan).
Interestingly, HMGB1 and LPS receptor expression (RAGE,
TLR4) was significantly reduced and the biglycan receptor
TLR2 was upregulated in SAT of aged rats. Stimulation with
DAMPs significantly reduced the expression of their receptor
in SAT of rats, suggesting some potential downregulation after
their activation.

Normal plasma LPS levels can be detected around ∼20–
40 pg/ml in humans (58) and ∼600–1,000 pg/ml in rodents

(59) and increase to >1µg/ml during experimental LPS-induced
endotoxemia (e.g., 1.9 mg/kg) in mice (60) or to 10–200 ng/ml
in septic human patients (60, 61). Moreover, local levels in
tissue may be even higher during bacterial infection. Indeed,
circulating LPS is increased in obese due to enhanced gut
permeability and may alter WAT directly (59). Previous studies
have also shown that adipose tissue-derived cytokines contribute
to circulating cytokine levels during LPS-induced systemic
inflammation (37). Moreover, fat tissue in aged obese is a
significant source of circulating cytokines and adipokines during
systemic inflammation (62) but can also alter tissue in close
vicinity in a paracrine manner (4, 5, 63). Several previous
studies have used in vivo systemic LPS stimulation in mice or
pigs and revealed an increased expression for example of IL-
6 and TNFα in adipose tissue (64–66). Others have applied
fat explant cultures in cows (67), mice (68), and rats (35) and
have shown LPS-induced expression and release of IL-6/TNFα.
Peripheral action of LPS directly on adipose tissue using fat-
explant cultures revealed that white adipose tissue of diet-
induced obese rats secretes significantly higher amounts of IL-6
per g fat than from lean controls (50). Enhanced LPS-induced IL-
6 expression or secretion in fat tissue after in vivo (62) or ex vivo
(explant cultures) LPS stimulation, respectively, has previously
been shown in aged mice compared to young counterparts and
may be related to IL-1β action in aged EFAT (68). Recently, we
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FIGURE 3 | Effects of LPS on adipokine secretion. There are only small changes in adipokine secretion due to LPS inflammation. The adiponectin secretion is almost

not altered by aging (A). There are significantly higher leptin levels in old rats compared to young rats (B) whereas the visfatin concentration is significantly higher in

young rats (C). Columns represent means ± SEM. §main effect treatment, #main effect age, *PBS vs. LPS, +young vs. old; (A) ###p < 0.0001; (B) #p = 0.0112;
##p = 0.0047; retroperitoneal: ###p = 0.0002; subcutaneous: ###p < 0.0001; (C) §p = 0.0265; #p = 0.0119; ###

< 0.0001; +++p < 0.001.

have shown that aging-associated obese rats secret lower TNFα
levels and a tendency of higher IL-6 levels per g fat than young
counterparts (35). Here, we found that a significantly augmented
IL-6 production from aged fat tissue is primarily present in SAT
fat pads after both LPS or HMGB1 stimulation. According to
the present results, some relevance for subcutaneous tissue is
suggested. Interestingly, LPS-induced IL-6 expression was less
increased in aged BAT compared to that of young animals.

Our present results further showed that LPS-stimulated
TNFα secretion was lower in EFAT and RFAT of aged rats

compared to corresponding tissue of young counterparts,
confirming previous results for EFAT (35). Such an age-
dependent response was less evident after HMGB1 or biglycan
stimulation (main effects of age) but may be overall related to
reduced functionality of resident or immigrated macrophages in
the aged. Indeed, it was previously shown that almost all TNFα
expression in adipose tissue arises from resident macrophages
(38). Moreover, LPS-induced TNFα levels in primary human
monocyte cultures were lower in aged individuals than in
young adults (69). Thus, weaker LPS-induced TNFα release
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FIGURE 4 | (A–C) Changes in adipokine secretion due to stimulation with HMGB1. HMGB1 reduced visfatin secretion in EFAT of young and RFAT of old rats (C).

Columns represent means ± SEM. §main effect treatment, #main effect age, *PBS vs. HMGB1, +young vs. old; (A) ###p < 0.0001; (B) ##p = 0.0015;

retroperitoneal: ###p = 0.0002; subcutaneous: ###p < 0.0001; (C) ##p = 0.0014; ###p < 0.0001; *p < 0.05; **p < 0.01; +p < 0.05; +++p < 0.001. (D–F)

Adipokine levels in supernatants of biglycan-stimulated ex vivo cultures. Adiponectin and visfatin secretion is decreased in EFAT of young rats by biglycan (D,F).

Columns represent means ± SEM. §main effect treatment, #main effect age, *PBS vs. biglycan, +young vs. old; (D) §p = 0.0142; ###p < 0.0001; **p < 0.01; +p <

0.05; (E) ##p = 0.0014; ###p < 0.0001; (F) ###p < 0.0001; *p < 0.05; ++p < 0.01; +++p < 0.001.

from EFAT and EFAT of aged compared to young rats is most
likely related to some loss of secretory capacities of “aged”
resident macrophages.

Interestingly, using clodronate liposomes to deplete
macrophages, previous studies have shown that M1macrophages

can suppress uncoupling protein (UCP) one expression, a marker
for brown adipocytes, via TNFα-mediated mechanisms (70).
Moreover, numbers of infiltrating macrophages may differ
between anatomical fat pads inhibiting so-called browning
of white adipose tissue (71), potentially explaining some of
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FIGURE 5 | Relative expression of HMGB1 (A–C), RAGE (D–F), TLR2 (G–I), and TLR4 (J–L) in the subcutaneous adipose tissue of young and old rats after

stimulation with LPS, HMGB1, or biglycan compared to PBS-incubated control cultures. The relative expression is presented as the mean ± SEM. White bars show

the relative expression 24 h after incubation with PBS, and the filled bars show the relative expression after incubation with LPS (black), HMGB1 (dark gray), or

(Continued)
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FIGURE 5 | biglycan (light gray). The relative expression of HMGB1, RAGE, and TLR4 showed a statistically significant age-dependent main effect with a lower

expression in the adipose tissue of old rats compared to the adipose tissue of young rats. In contrast, there was a significantly higher expression of TLR2 in the

adipose tissue of old rats than in the adipose tissue of young rats. Incubation with LPS resulted in a significant reduction in the expression of RAGE and TLR4.

Incubation with HMGB1 and biglycan caused a significant reduction in the expression of TLR2. The number of samples used for the PCR is shown in Table 1. §main

effect treatment; #main effect age; *PBS vs. TLR agonist; +young vs. old; (B) §§p = 0.0013; #p = 0.0102; (C) ##p = 0.0083; (D) §§p = 0.0024; ##p = 0.0038; (E)
#p = 0.0329; (F) ###p = 0.0002; +++p <0.001; (G) §§p = 0.0037; #p = 0.0193; (H) ###p = 0.0002; (J) ##p = 0.0022; (K) §§p = 0.0012; #p = 0.0426; **p <

0.01; +p < 0.05.

the observed differences in the inflammatory response in fat
depots to PAMPs and DAMPs. Indeed, TNFα can suppress the
activity of the UCP1 promoter (72). In addition, LPS-induced
inflammation previously also inhibited UCP1 expression in BAT
in vivo (73). Using coculture experiments of brown and white
adipocytes with macrophages, Dowal et al. (74) revealed that
these immune cells may only enhance inflammatory response
in WAT while inflammation seems to be unchanged or could
potentially even be inhibited in BAT (74). However, such in
vitro experiments will need further confirmation for their
functional significance in future studies. Overall, cytokines and
LPS can alter BAT-specific gene expression. Here, we have some
indication that aging of BAT in rats may not be associated with
increased but rather with decreased numbers of macrophages
labeled with myeloperoxidase (Supplementary Figure 4). The
functional significance may pertain to inhibition or modulation
of inflammatory responses as discussed above but remains to be
further investigated.

We and others have previously reported that circulating
leptin concentrations increase during LPS-induced systemic
inflammation in rodents (21, 23, 35, 75–79) and humans (80, 81),
acting as a neuroimmune mediator and contributing to sickness
responses like fever (35, 82) or the recruitment of neutrophil
granulocytes to the brain (21, 83). However, leptin secretion
seems to be primarily neuronally controlled (84). Thus, our
present results that leptin levels did not increase in supernatants
of fat explant culturesmay be due to the fact that neuronal control
is disrupted in this model system.

Like leptin, visfatin plasma levels have been reported to
increase during LPS-stimulated systemic inflammation in rats
(85) and humans (86) and may induce production of IL-6 and
TNFα (16). Our present results confirm that release of visfatin
is more pronounced from visceral adipose tissue compared to
SAT (24). Interestingly, visfatin secretion was rather reduced
by LPS stimulation in fat explant cultures, which might be
related to other sources in vivo like neutrophil granulocytes that
show increased levels in septic patients compared to healthy
controls (87).

LPS-induced effects on the mainly anti-inflammatory
adipokine adiponectin have been reported to range from
reduced circulating levels in mice (64, 88), rats (89), and dogs
(90) to no changes in humans (81, 91). Here, we did not find
any effects of LPS on adiponectin secretion. Such differences
between studies may be related to the dose and serotype of
given LPS or species specifics. Interestingly, we consistently
revealed that the release of adiponectin increases in SAT of old
rats, which may not suffice to overall increase circulating levels
with age.

In addition to white adipose tissue, brown adipose tissue is
emerging as a secretory organ that may convey its beneficial
effects on insulin sensitivity and metabolism not only via
its thermogenic function but also by brown adipokines also
termed “batokines” (39, 40). Indeed, transplantation of BAT in
mice reduced body weight and ameliorates glucose homeostasis
in models of diet-induced (92, 93) and genetic obesity (94).
Batokines also include IL-6, which can be induced for example
by stimulation with noradrenalin (39, 95). Our present results
confirm that BAT stimulated with LPS releases increased
amounts of IL-6 and TNFα. We are also the first to show
that BAT produces high amounts of adiponectin and visfatin
when compared to other fat pads. In particular, the high
amounts of adiponectin secretion may actually contribute
to the beneficial effects of BAT on insulin sensitivity also
known for adiponectin (96). Future studies should evaluate
the potential role of DAMPS in changing the secretory profile
of batokines.

The DAMP HMGB1 acts as an endogenous proinflammatory
mediator when released into the extracellular space (97)
depending on its redox status (98). During turpentine-induced
(aseptic) and LPS-induced inflammation HMGB1 plasma levels
increase to 2–6 ng/ml (43) but locally most likely reach much
higher concentrations. Here, we applied disulfideHMGB1, which
acts similar to a pro-inflammatory cytokine. Not only is HMGB1
increased in plasma and fat tissue of obese subjects but also its
inhibition by, for example, daily injection of HMGB1 antibodies
(99) or genetic deletion of its receptor RAGE (100) reduced diet-
induced obesity in mice. Moreover, HMGB1 may be involved in
induction of the pro-inflammatory status in adipose tissue during
obesity (45). For example, recombinant HMGB1 treatment of
primary human adipocytes or a cell line of preadipocytes induced
TLR4- (53) or RAGE-dependent IL-6 secretion (101). While
our present results clearly show that HMGB1 can induce IL-
6 and also TNFα secretion, this effect occurred in a fat pad-
specific manner only for SAT. Thus, HMGB1 may be a more
important endogenous danger signal at the barrier of the skin
compared to visceral adipose tissue. In addition, we did not
reveal a significant regulation of leptin and adiponectin levels
in the supernatants of our cultures by HMGB1. These results
are in contrast to previous findings by Montes et al. (99) who
detected a significant decrease in adiponectin mRNA expression
in EFAT after in vivo neutralization of HMGB1 in mice (99).
This discrepancy could be due to the fact that mRNA expression
levels do not always match with protein secretion and may also
pertain to differences between in vivo and ex vivomodel systems
applied. Interestingly, HMGB1 stimulation significantly reduced
the secretion of visfatin in EFAT of young and RFAT of old
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rats. Such local regulation may be regarded as a kind of local
anti-inflammatory modulation. In fact, visfatin has been reported
to contribute to endothelial junction disruption via HMGB1
release from endothelial cells (102), suggesting that a negative
feedback mechanism on visfatin release may prevent the process
from exacerbating.

Biglycan-deficient mice show reduced body weight and
altered body fat composition (103). As already mentioned, its
expression in adipose tissue is increased during obesity, but
rather within the stromal vascular fraction than in adipocytes
(42). Soluble biglycan plasma levels can be found around
200 ng/ml in healthy humans and increase [for e.g., during
systemic lupus erythematosus to more than 1µg/ml (104)].
Biglycan increases TNFα expression in macrophages, biglycan-
deficient mice show reduced circulating TNFα levels after LPS-
induced severe systemic inflammation (48) and its expression
in adipose tissue correlates with the expression of IL-6 and
TNFα (42, 105). Indeed, we show for the first time that
biglycan stimulates the secretion of IL-6 in EFAT (of old rats),
RFAT (of young rats), and SAT (main effect), confirming the
inflammatory capacity of this endogenous alarmin. Overall, the
inflammatory potential was low but may contribute to the low-
grade underlying inflammation in adipose tissue during obesity.
Regarding potential effects of biglycan on adipokine secretion,
a previous study revealed that biglycan-deficient mice produce
more adiponectin in EFAT and show higher plasma adiponectin
levels (106). Our results showing that adipokine secretion was
significantly reduced in EFAT of young rats are in line with
this observation. Moreover, we are the first to demonstrate that
biglycan can also reduce the release of visfatin from EFAT of
young rats. It remains unclear why such effects by biglycan
disappeared in adipose tissue of aged rats, but this observation
may be related to immunosenescence of tissue resident immune
cells like macrophages (107).

Overall, there exist conflicting results concerning plasma
adipokine levels in aged individuals. Circulating leptin and
adiponectin levels have been described to be lower (108) or higher
(109, 110) in old age (111, 112). This, in turn, may be linked
to variations in the definition of old age like old or very old
(above 100 years), disease status, and the amount of adipose
tissue (108, 109, 111). The present data on fat explant cultures
in young and old rats revealed consistent increased secretion
of leptin per g fat tissue in all investigated fat pads with age
showing the relevance for normalization of such data toward
BMI/fat mass and age. Adiponectin levels were only increased
by age for SAT but not for the other fat pads investigated. We
were also able to reveal that visfatin secretion is reduced in old
age in visceral adipose tissue (EFAT, RFAT) and BAT. Possible
underlying mechanisms are beyond the scope of this study and
remain to be investigated in the future. However, we did find
reduced expression of RAGE and TLR4 in SAT of old rats
indicative for some immunosenescence with reduced receptor
presence for LPS and HMGB1 and increased expression of the
biglycan receptor TLR2.

Concerning the cellular source of cytokines and adipokines,
previous studies have used several isolation and separation
protocols revealing that the stromal vascular fraction and

adipocytes differentially contribute to the total source
of mediators secreted from adipose tissue. All mediators
investigated here except TNFα, which is primarily produced
by tissue macrophages (38), have been shown to be produced
by adipocytes (113). Moreover, visfatin is also produced by
macrophages or other cell types and IL-6 as well by stromal
vascular fractions cells (113). Brown adipocytes secrete batokines
like adiponectin or the cytokine IL-6; less is known about the
respective contribution of other cells of the stromal vascular
fraction to the secretion of mediators from brown adipose tissue
(39, 114). While the preparation of BAT was performed in the
very specific interscapular localization of visually brown adipose
tissue for fat explant cultures in the current study, some minor
portion of beige or white adipose tissue may have contributed
to secreted mediators. Thus, the exact cellular source in BAT
explant cultures remains to be investigated in the future, e.g., for
leptin and visfatin. Interestingly, using immunohistochemistry
for TNFα or myeloperoxidase (MPO,macrophages), we obtained
evidence that macrophages indeed represent a central source
of TNFα production within SAT (Supplementary Figure 3). In
BAT, macrophage numbers did not seem to increase but may
even decrease with age as revealed by immunofluorescence MPO
staining (Supplementary Figure 4), suggesting that other cell
types may also contribute to the source of TNFα in this type
of tissue.

It has already been shown that the expression and secretion
of adipokines are dependent on fat pad-specific localization (24–
26). Mesenteric adipose tissue may be protective for intestinal
inflammation, for example, by shaping a more anti-inflammatory
macrophage phenotype (M2) (4, 63). Infrapatellar fat pads have
also been shown to contribute to production of adipokines
and cytokines during inflammatory conditions like osteoarthritis
(5), and we and others have shown that adipokines modulate
osteoarthritis and bone remodeling (11, 115). Moreover, the
systemic release of these mediators during obesity modulates
inflammatory insults for example in the brain; thus, some of them
seem to have therapeutic potential (10, 23, 116).

Overall, LPS strongly increased cytokine secretion but
adipokine/batokine levels were not significantly affected,
while DAMPs only moderately altered cytokine secretion but
significantly reduced adiponectin and visfatin secretion almost
exclusively in young epididymal fat pads. The expression of
receptors for the exogenous PAMP LPS, namely, TLR4 (45) or
RAGE (117), were reduced after LPS or HMGB1 treatment in
the explant cultures, suggesting their downregulation, which
is known to occur to induce tolerance effects (118). Moreover,
TLR2 expression was primarily reduced by biglycan stimulation,
which is in line with its signaling cascade activation.

In summary, we revealed that the endogenous DAMPs
HMGB1 and biglycan can locally impact adipokine and cytokine
secretion supporting the hypothesis that these mediators may
be important modulators of adipose tissue inflammation that
occurs during diet- or age-related obesity. Moreover, we expand
on the emerging role of batokines like adiponectin, which may
contribute to beneficial effects of this metabolically highly active
tissue type. In the future, more insights on fat pad-specific
local paracrine interactions with a multitude of organ systems

Frontiers in Immunology | www.frontiersin.org 12 August 2020 | Volume 11 | Article 1800

https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
https://www.frontiersin.org/journals/immunology#articles


Peek et al. Age-Dependent Adipokine and Cytokine Secretion

will help to better understand fine-tuning of organ function by
adipose tissue.

LIMITATIONS

Limitations of fat explant cultures pertain to the fact that
only short-term cultures are meaningful, and the explant
size is limited for appropriate energy and oxygen supply and
the lack of functional innervation. Differential sympathetic
innervation of anatomical fat pads may be needed for fine-
tuning of side-specific function (119). Thus, more in vivo
analyses will be necessary using, [for e.g., microperfusion of
different fat pads to gain complementary insights into the local
production of adipokines/batokines and cytokines (120)]. In
addition, our current findings cannot be assigned to functional
contributions of primary cultures of a defined cellular phenotype
when using cultures of single-cell types. Nonetheless, previous
studies support the assumption that macrophages play an
important role for the inflammatory response of this type of
tissue. Indeed, accumulation of macrophages in WAT is a
hallmark of the low-grade inflammatory state during obesity
(10, 23). Moreover, viability of bouts of tissue, which may
differ between sources and age, is an important factor to
consider when comparing different anatomical fat pads or
brown and white tissue. Therefore, we have separately analyzed
all types of adipose tissue as we are aware that due to blood
supply or the local milieu bouts of tissue may have different
properties. To prevent any local effects within one anatomical
localization, tissue bouts were randomized and mixed from
cranial, middle, and caudal parts of the tissue as previously
reported (50) (see also the scheme/pattern for randomization
in the Supplementary Materials). Here, we also show evidence
for basal levels of IL-6 in all types of adipose tissue investigated
in a very small and similar range, only revealing some slight
differences suggesting that viability was overall similar as
well. Indeed, IL-6 is produced by de novo synthesis, which
prerequisites viable cells for productions and release into the
supernatants (Supplementary Figure 1). In addition, intact
cytoarchitecture is confirmed by hematoxylin and eosin stain
of the explant tissue after culture (Supplementary Figure 2)
and a vitality test using the colorimetric MTT assay confirmed
the overall similar viability of anatomical fat pads (data not
shown). Within the scope of the present manuscript, we did
not investigate the functional significance of cytokine secretion
from adipose tissue. Future studies will be needed to dissect out
their contribution to changes in adipokine/batokine production.
While we confirm that TNFα is mainly present in macrophages
within the fat explants representing a crucial cell type for cytokine

production (Supplementary Figure 3), we did not reveal any
correlation of TNFα levels in supernatants with adipokine
secretion, suggesting that it may have a limited role in paracrine
modulation of this response (Supplementary Figure 5).
Similarly, IL-6 did not or only very marginally correlate with
adipokine levels in the supernatants, which does not suggest
any biologically significant paracrine role for IL-6-mediated
modulation of adipokine secretion.
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