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Abstract

Objectives: To investigate the impact of omentin on the release of inflammation-related bio-
markers and inflammatory pathways in primary human adipocytes. Methods: Adipocytes
were treated with or without omentin (500 and 2,000 ng/mL), and the supernatants were
analyzed for inflammation-related biomarkers using proximity extension assay technolo-
gy. Potential upstream regulators of the omentin-stimulated proteins were identified using
Ingenuity Pathway Analysis. Protein levels of components of inflammatory pathways were
measured using Western blotting. Results: 2,000 ng/mL omentin induced the release of 30
biomarkers 97.1 + 31.1-fold in the supernatants (all p < 0.05). Most biomarkers were proin-
flammatory chemokines and cytokines. We identified the transcription factor nuclear factor
"kappa-light-chain-enhancer” of activated B cells (NFkB) and the kinases p38 and extracellular
signal-regulated kinase (ERK)1/2 as potential upstream regulators in silico. On the cellular
level, treatment with 2,000 ng/mL omentin for 24 h enhanced the phosphorylation levels of
NFkB 2.1 £ 0.3-fold (p < 0.05), of p38 2.6 + 0.4-fold (p < 0.05), and of ERK1/2 1.8 + 0.2-fold
(p < 0.05). Conclusions: These data argue that omentin exerts proinflammatory effects
through the activation of the inflammatory NFkB, p38, and ERK1/2 pathways in cultured pri-

mary adipocytes. © 2020 The Author(s)
Published by S. Karger AG, Basel
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Introduction

Omentin (also referred to as intelectin-1) is a secreted adipokine which is abundantly
expressed in the stromal vascular fraction of visceral fat depots, but hardly detectable in
subcutaneous adipose tissue. Furthermore, omentin is produced in other tissues including
the heart, lung, or intestine [1].

Several cross-sectional studies found an inverse association between circulating omentin
and multiple risk factors for type 2 diabetes (T2D) and cardiovascular diseases (CVD) such as
increased waist circumstance, elevated blood pressure, dyslipidemia, or impaired glucose
tolerance [2-8]. Omentin levels were also decreased in patients with coronary artery disease
or ischemic stroke [6, 9-11]. In agreement with these studies, omentin exerted protective
effects on human umbilical vein endothelial cells (HUVECs) and smooth muscle cells (SMCs)
[12-16]. In cultured human adipocytes, omentin induced the phosphorylation of protein
kinase B (also known as Akt) and stimulated glucose uptake in response to insulin [1]. The
postulated atheroprotective phenotype of omentin from in vitro studies was supported by
mouse models showing that omentin improved ischemia-induced revascularization and
reduced the formation of aortic atherosclerotic lesions, cardiac hypertrophy, and myocardial
ischemic damage [14, 17-19].

In contrast, prospective analyses showed positive associations of omentin levels with
both higher risk of T2D [20, 21] and cardiovascular events in population-based samples and
in patients with preexisting CVD [22-24]. Thus, these data point towards the possibility that
omentin levels may contribute to cardiometabolic risk in humans.

We recently performed a liquid-chromatography mass spectrometry-based proteomics
study to investigate the effect of omentin on the secretome of human adipocytes. The analysis
of omentin-regulated proteins in metabolic and cellular signaling pathways revealed that
these proteins were enriched in pathways indicating a proinflammatory state, cellular stress,
and a crosstalk with othertissues [25]. However, this study did not provide detailed knowledge
on the mechanisms by which the omentin-induced secretory process is mediated.

Therefore, the overall aim of the present study was to extend the findings of the effects
of omentin on primary human adipocytes and to identify the signaling pathways activated by
omentin using Western blotting. Especially, we aimed to validate the in silico data from our
proteomics study indicating an involvement of nuclear factor “kappa-light-chain-enhancer”
of activated B cells (NFkB) in the mode of action of omentin. In detail, the aims of this study
were (1) to examine the effect of omentin on the secretion and expression of biomarkers of
inflammation in primary adipocytes, (2) to identify potential upstream regulators of the
omentin-induced secretion profile, and (3) to characterize the signaling cascades which
mediate the effects of omentin.

Materials and Methods

Cell Culture and Treatment of Primary Human Adipocytes

Primary human preadipocytes isolated from subcutaneous adipose tissue from 5 nondia-
betic donors were purchased from Lonza (Basel, Switzerland) and PromoCell (Heidelberg,
Germany). Approval by an ethics committee was not required. Cells from each donor (no cell
pools) were used at passage three and incubated under sterile conditions at 37°C and 5% CO,,
The cells were cultivated as described [25]. The differentiation process from fibroblast-like
preadipocytes into lipid-loaded adipocytes was monitored using light microscopy, and the
AdipoRedTM Assay Reagent from Lonza was applied to stain intracellular lipids. After differ-
entiation of preadipocytes into mature adipocytes, cells were starved in adipocyte nutrition
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medium (PromoCell) containing 50 pg/mL gentamicin and 8 ug/mL D-biotin. After 4 h, the
medium was replaced by the same medium, and adipocytes were treated with 500 or 2,000
ng/mL omentin (CellSystems, Troisdorf, Germany) for 30 min and 24 h. We also included stim-
ulation with 20 ng/mL tumor necrosis factor-a (TNF-a) (Cell Signaling Technology, Danvers,
MA, USA) for 24 h as positive control. The concentration of 500 ng/mL omentin is close to the
median level in a nondiabetic population, and the dose of 2,000 ng/mL omentin represents the
upper physiological range of what can be observed in the general population [4, 20]. Endotoxin
levels were below 0.5 EU/mL (corresponding to below 0.1 ng/mL) at an omentin concen-
tration of 2,000 ng/mL as assessed using the QCL-1000TM Endpoint Chromogenic LAL assay
(#50-647U; Lonza). Recombinant human omentin and TNF-a were first dissolved in sterile,
distilled water (Roth, Karlsruhe, Germany) and diluted in phosphate-buffered saline (Thermo
Fisher Scientific, Waltham, MA, USA) containing 0.1% bovine serum albumin (BSA; catalogue
number A9418, Sigma-Aldrich, Munich, Germany) as carrier protein. This led to BSA concen-
trations of 0.001% for the treatment with omentin at 500 ng/mL and for the treatment with
TNF-a and of 0.004% for the treatment with omentin at 2,000 ng/mL. Differentiated adipo-
cytes without omentin treatment (incubated with 0.001% BSA) served as negative control.
After the incubation time, adipocyte supernatants were collected, centrifuged for 10 min at
1,800 x g at 4°C and transferred to new tubes. The supernatants and the seeded adipocytes in
cell culture plates were stored at -80 °C until the protein analysis in supernatants or protein
extraction from cells was performed. In addition, a nonradioactive colorimetric cell viability
assay (WST-8, PromoCell) was applied according to the manufacturer’s instructions to estimate
the viability of primary human adipocytes after treatment with omentin or TNF-a.

Measurement of 92 Inflammation-Related Biomarkers

Proximity extension assay (PEA) technology (Olink Proteomics, Uppsala, Sweden) was used
for high-throughput, multiplex measurement of 92 proteins in the adipocyte supernatants. This
technologyhasbeenusedbeforetoinvestigateassociationsbetween multiple proteinbiomarkers,
T2D, and cardiovascular risk factors [26-28]. The selected biomarker panel (Olink Inflammation
[) targets proteins that are involved in biological processes such as chemotaxis, inflammatory
response, cell adhesion, regulation of immune response, or extracellular matrix organization
[26]. A full list of all 92 biomarkers is given in online supplementary Table 1 (for all online suppl.
material, see www.karger.com/doi/10.1159/000506405). Briefly, this protein quantification
method combines an antibody-based immunoassay with a polymerase chain reaction (PCR) and
quantitative real-time PCR (qPCR) [29]. Data are presented as normalized protein expression
units that represent an arbitrary unit on a log2 scale. The relative quantification units are calcu-
lated from the threshold cycle values from the qPCR [29].

Measurement of Proteins Involved in Inflammatory Pathways Using Western Blotting

Proteins were extracted from primary human adipocytes using RIPA buffer containing
50 mmol/L Tris-HCI (pH 8.0) (Roth), 150 mmol/L NaCl (Roth), 1% NP-40 (Abcam, Cambridge,
UK), 0.5% sodium deoxycholate (Roth), 0.1% sodium dodecyl sulfate (Merck, Darmstadt,
Germany), 10% PhosSTOP Phosphatase Inhibitor Cocktail (Roche, Basel, Switzerland), and
10% cOmplete Mini Protease Inhibitor Cocktail (Roche). After sonication for 10 s with 60%
pulse, lysates were centrifuged for 60 min at 17,640 x g at 4°C. Protein content of the lysates
was quantified using a bicinchoninic acid protein assay (ThermoFisher Scientific) according
to the manufacturer’s instructions. We determined protein abundance by Simple Western
size-based assays using a 12-230 kDa Separation Module (ProteinSimple, San Jose, CA, USA)
and analyzed the data as described [30]. The antibody source for phospho-extracellular
signal-regulated kinase (ERK) 1 (Thr202/Tyr204)/ERK2 (Thr185/Tyr187) (#AF1018) was
R&D Systems (Minneapolis, MN, USA). The antibodies for phospho-NFxB p65 (Ser536)
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(81E11) (#3033), phospho-p38 mitogen activated protein kinase (MAPK) (#4511) (Thr180/
Tyr182) (D3F9), and the appropriate total antibodies NFkB p65 (C22B4) (#4764), p38 MAPK
(#9212), and p44/42 MAPK (ERK1/2) (137F5) (#4377) were purchased from Cell Signaling
Technology. Relative phosphorylation levels of NFkB, p38 MAPK, and p44 /42 (ERK1/2) were
normalized to the levels of the appropriate total proteins.

Statistical and Pathway Analysis

Prism 7 (GraphPad Software, La Jolla, CA, USA) was used for statistical analyses. All exper-
iments were performed with five biological replicates (i.e., cells from five different donors) if
not specified otherwise. Protein levels were represented as mean values with standard error
of the mean (SEM). Alterations of protein levels between treatments were analyzed by Fried-
man’s test or ANOVA followed by Dunn’s test or the Benjamini-Hochberg correction for
multiple testing. p values below 0.05 were considered as statistically significant.

In order to better understand the secretory mechanism potential, upstream regulators of
the omentin-regulated proteins were analyzed using Ingenuity Pathway Analysis (IPA)
(Qiagen, Hilden, Germany) as described [26]. For the identification of potential upstream
regulators, we used fold changes in expression and p values of omentin-regulated proteins
that referred to the treatment with 2,000 ng/mL omentin for 24 h. The analysis gives an acti-
vation z-score that predicts the activation state of the potential upstream regulators. A z-score
above 2 indicates the activation and a z-score below -2 points towards the inhibition of
potential upstream regulators. In addition, Fisher’s exact test is designed to reduce the chance
that random data will generate significant predictions.

Results

Omentin Induced the Release of Proinflammatory Protein Biomarkers into Human

Adipocyte Supernatants

In supernatants of omentin-treated, TNF-a-treated, and untreated primary human adipo-
cytes, 41 out of 92 biomarkers from the multimarker panel were detectable (Fig. 1). Omentin
increased the secretion of 17 biomarkers 32.3 + 6.8-fold (mean + SEM) at 500 ng/mL omentin
(all p <0.05) and of 30 biomarkers 97.1 + 31.1-fold at 2,000 ng/mL omentin (all p < 0.05). The
administration of 20 ng/mL TNF-a as positive control led to an upregulation of 29 proteins
201.9 + 138.7-fold (all p < 0.05). TNF ligand superfamily member 12 (TWEAK) was down-
regulated by 500 ng/mL omentin. The remaining six proteins were not significantly regulated
by any of the treatments (Fig. 1).

Of note, the treatment of the human adipocytes with 500 or 2,000 ng/mL omentin or 20
ng/mL TNF-a for 24 h had no detrimental impact on cell viability (data not shown).

The 30 upregulated proteins by 2,000 ng/mL omentin were classified into four groups
(Table 1), and the largest group of co-regulated proteins consisted of 15 chemokines which
were upregulated 157.3 + 56.4-fold (all p < 0.05). Six chemokines were upregulated more
than 200-fold (209- to 729-fold, all p < 0.0001): monocyte chemotactic protein-3 (MCP-3),
C-X-C motif chemokine 6 (CXCL6), CXCL5, CXCL10, MCP-2, and CC-chemokine ligand 20
(CCL20). The remaining nine chemokines were upregulated less than 39-fold (p between
<0.0001 and 0.0116). As the second largest group, six cytokines were upregulated 39.4 +
27.2-fold (all p < 0.05) at 2,000 ng/mL omentin. The most prominently increased cytokines
in this dataset were interleukin-6 (IL-6) and leukemia inhibitory factor (also a member of the
IL-6 family) which were upregulated 167- and 61-fold, respectively (both p < 0.0001). 2,000
ng/mL omentin also enhanced the release of three proteases 99.9 + 64.3-fold (all p < 0.05).
The most strongly increased proteins in this group were matrix metalloproteinase-1 (MMP-1)
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Fig. 1. Overview of inflammation-related proteins that were up-, down-, or not regulated by different concen-
trations of omentin or TNF-a. The grey circle shows inflammation-related mediators regulated by 500 ng/mL
omentin, the black circle by 2,000 ng/mL omentin, and the dashed black circle by 20 ng/mL TNF-« as positive
control. The overlap between the grey, black, and dashed black circles presents the regulated proteins by three
treatments (p < 0.05 compared to control). Bold print indicates proteins upregulated by both omentin and
TNF-a, and italic print represents additional biomarkers upregulated by TNF-a only. The biomarkers in the
grey dotted circle were not statistically significant upregulated (p > 0.05 compared to control). Black and grey
arrows show the upregulation or downregulation of the biomarkers. ADA, adenosine deaminase; ARTN, arte-
min; CASP, caspase; CCL, C-C motif chemokine ligand; CD40, tumor necrosis factor receptor superfamily mem-
ber 5; CSF-1, macrophage colony-stimulating factor 1; CST-5, cystatin-D; CXCL, C-X-C motif chemokine; CX-
3CL1, fractalkine; EIF4EBP1, eukaryotic translation initiation factor 4E binding protein 1; FGF, fibroblast
growth factor; FLT3L, Fms-related tyrosine kinase 3 ligand; HGF, hepatocyte growth factor; IL, interleukin;
IL-10RB, interleukin 10 receptor subunit beta; IL-18R1, interleukin 18 receptor 1; LAP TGF-#-1, latency-asso-
ciated peptide transforming growth factor beta 1; LIF, leukemia inhibitory factor; MCP, monocyte chemotactic
protein; MIP-1a, macrophage inflammatory protein-1 alpha; MMP, matrix metalloproteinase; OPG, osteopro-
tegerin; SCF, stem cell factor; TNF, tumor necrosis factor; TWEAK, tumor necrosis factor ligand superfamily
member 12; uPA, urokinase-type plasminogen activator; VEGF-A, vascular endothelial growth factor A.

and MMP-10, which were upregulated 222- and 74-fold, respectively (both p values <0.0001).
The expression of six other proteins was enhanced 3.1 + 0.5-fold (all p < 0.05) at 2,000 ng/
mL omentin. The remaining proteins listed in Table 1 were upregulated by TNF-a only or (for
six proteins) regulated neither by omentin nor by TNF-a.

Omentin Induced a Proinflammatory Intracellular Response

The IPA analysis software revealed 59 potential upstream regulators of the omentin-
induced secretion profile. Out of these 59 potential regulators, 56 were predicted to be acti-
vated, and the remaining three (HMOX1, Nr1h, and IL1RN) to be inhibited (online suppl.
Table 2 for the full list of potential upstream regulators and Table 2 for explanation of abbre-
viations). Among the top 15 potential upstream activators were five proinflammatory cyto-
kines (TNF, IL1B, IL1A, IL174, and IL18). The second biggest group consisted of three regu-
lators (ERK1/2, p38 MAPK, and c-Jun N-terminal kinase [JNK]) that were characterized as
“groups” by the IPA software. In addition, RNASE1 and RNASE2 belonged to the group of
enzymes, and NFkB and immunoglobulin were defined as complexes. Other groups included
transcription regulators (RELA and JUN) and kinases (ERBB2). The most relevant potential
activators were TNF, IL1B, NFkB, and RNASE2 with 18, 16, 14, and 10 differentially omentin-
regulated target molecules, respectively.
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Table 2. Potential upstream activators (top 15) and potential upstream inhibitors of the omentin-induced secretion profile

Activation  p Omentin-regulated proteins
z-score
Upstream activator
Cytokines
TNF +4.13 2.32x10722 CCL11, MCP1, CCL20, MIP1a, CCL4, CSF1, CX3CL1, CXCL1, CXCL10,
CXCL11, CXCL5, IL8, IL1a, IL6, MMP1, uPA, OPG, VEGF-A
IL1B +3.94 6.11x1072° CCL11, MCP4, MCP1, CCL20, MIP1a, CCL4, MCP3, CXCL1, CXCL10,
CXCL11, CXCL5, CXCL6, IL8, IL6, MMP1, VEGF-A
IL1A +3.06 2.29x107%° MCP1, CCL20, MCP2, CSF1, CXCL1, CXCL10, CXCL5, IL8, IL1a, IL6, SCF,
MMP1, MMP10, uPA, OPG
IL17A +2.96 9.57x10717 CCL11, MCP1, CCL20, CXCL1, CXCL5, CXCL6, IL8, IL1a, IL6
IL18 +2.95 1.33x1071¢ MCP1, MIP1a, CCL4, CXCL10, CXCL11, IL8, IL1«, IL6, MMP1
Groups
ERK1/2 +2.93 2.61x10713 MCP1, MIP1a, CCL4, MCP2, IL8, IL1q, IL6, MMP1, VEGF-A
P38 MAPK +2.91 8.19x10713 MCP1, MCP2, CXCL1, CXCL10, CXCL11, IL8, IL6, MMP1, VEGF-A
ERK +2.76 1.73x10712 MCP1, CCL4, CXCL1, CXCL10, IL8, IL6, LIF, MMP1
Enzymes
RNASE2 +3.08 8.15x10723 MCP1, MIP1a, CCL4, MCP3, MCP2, CSF1, CXCL10, CXCL5, IL6, IL7
RNASE1 +2.97 2.74x10721 MCP1, MIP1a, CCL4, MCP3, MCP2, CXCL10, CXCLS5, IL6, IL7
Complexes
NFkB (complex) +3.67 1.08x107? MCP1, CCL20, MIP1a, CCL4, MCP2, CX3CL1, CXCL1, CXCL10, CXCL11,
CXCL6, IL8, IL6, MMP1, uPA
Immunoglobulin +2.81 3.24x1071° MCP1, MIP1a, CCL4, MCP3, MCP2, CXCL10, CXCL11, IL6
Transcription regulators
RELA +3.01 9.81x10720 MCP1, CCL20, MIP1a, CXCL1, CXCL10, CXCL11, CXCL5, IL8, IL1q, IL6,
MMP1, uPA, VEGF-A
JUN +2.91 7.81x1071° MCP1, CCL20, MCP2, CXCL1, CXCL10, CXCL5, IL8, IL1a, IL6, MMP1,
MMP10, VEGF-A
Kinases
ERBB2 +2.80 7.38x107° MCP1, CXCL10, IL8, IL1a, IL6, MMP1, uPA, VEGF-A
Upstream inhibitor
Cytokines
IL1IRN -2.18 7.18x1078 CCL20, CXCL11, IL1a, IL6, MMP1
Groups
Nr1h -2.20 2.14x1071° MCP1, MIP1a, CXCL1, IL8, IL6
Enzymes
HMOX1 -2.76 9.85x10716 MCP1, CXCL1, CXCL10, CXCL5, IL8, HGF, IL6, VEGF-A

228

The identification of potential upstream regulators was based on the fold changes in expression and p values of omentin-
regulated proteins that referred to the treatment with 2,000 ng/mL omentin. p values were calculated by Fisher’s exact test.
The following types of molecules were included in the analysis: complex, cytokine, enzyme, group, growth factor, kinase,
peptidase, phosphatase, transcription regulator, translation regulator, transmembrane receptor and transporter. Upstream
regulators are ordered based on the highest activation z-score. ERBB2, erb-b2 receptor tyrosine kinase 2; ERK, extracellular
signal-regulated kinase; HMOX1, heme oxygenase 1; IL14, interleukin-1 alpha; IL1B, interleukin-1 beta; IL1RN, interleukin-1
receptor antagonist; IL17A, interleukin-17 alpha; IL18, interleukin-18; JUN, Jun proto-oncogene, AP-1 transcription factor
subunit; NFkB (complex), nuclear factor kappa B; Nr1h, nuclear receptor subfamily 1 group H; p38 MAPK, mitogen-activated
protein kinase; RELA, transcription factor p65; RNASE1, ribonuclease A family member 1; RNASE2, ribonuclease A family
member 2; TNF, tumor necrosis factor. Abbreviations of omentin-regulated proteins IL-18R1, MCP-2, MCP-4, MIP-1a, MMP-1,
MMP-10, SCF, TNF, TWEAK, uPA, and VEGF-A are explained in the footnote to Figure 1.
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Omentin Activated Inflammatory Signaling Pathways in Primary Human Adipocytes

We measured phosphorylation levels of key factors of important intracellular inflam-
matory signaling pathways which were part of identified potential upstream regulators in cell
lysates. After 30-min incubation with 2,000 ng/mL omentin (n = 3), phosphorylation levels
of NFKB p65 (Ser536) were increased 7.0 + 0.4-fold (p = 0.0825), of p38 MAPK (Thr180/
Tyr182) 18.7 + 3.4-fold (p = 0.0286), and of ERK1 (Thr202/Tyr204)/ERK2 (Thr185/Tyr187)
3.2 + 0.5-fold (p = 0.0286), respectively (Fig. 2). Incubation with 500 ng/mL omentin had
lower effects (Fig. 2).

After a longer incubation period of 24 h, effects were less pronounced. Treatment with
2,000 ng/mL omentin increased the phosphorylation levels of NFkB p65 (Ser536) 2.1 *
0.3-fold (p = 0.0429), of p38 MAPK (Thr180/Tyr182) 2.6 + 0.4-fold (p = 0.0429) and of ERK1
(Thr202/Tyr204)/ERK2 (Thr185/Tyr187) 1.8 +0.2-fold (p =0.0212), respectively. Treatment
of primary human adipocytes with the lower omentin concentration (at 500 ng/mL) enhanced
the phosphorylation levels of ERK1/2 2.0 + 0.2-fold (p = 0.0044). Phosphorylation levels of
NFkB p65 and p38 MAPK were also higher than in the control, but these increases were not
statistically significant (Fig. 3). TNF-« is a potent inducer of the inflammatory NFkB as well
as of the p38 MAPK signaling pathways. As shown in Fig. 3A and B, 20 ng/mL TNF-a increased
the phosphorylation levels of NFkB p65 5.6 + 0.9-fold (p = 0.0007) and of p38 MAPK 4.4 +
1.0-fold (p = 0.0018).

Discussion

This study found that omentin (i) enhanced the secretion of 30 proinflammatory proteins
and (ii) activated proinflammatory intracellular pathways in primary human adipocytes.
Thus, omentin appears to induce key features of obesity-associated inflammation, which have
been implicated in insulin resistance, T2D, atherosclerosis and CVD.

The Omentin-Induced Secretion Profile Indicates a Proinflammatory Effect of Omentin on

Adipocytes

The present study demonstrated that omentin induced the upregulation of proinflam-
matory cytokines (e.g., IL-6, IL-7, and IL-1a) and chemokines (e.g., IL-8, MCP-2, and MCP-3)
in the supernatants of differentiated human adipocytes. In addition, we showed that the
secretory profile of both omentin and TNF-a highly overlapped because 25 of the omentin-
regulated biomarkers were also upregulated upon TNF-a administration. Thus, these data
argue for overlapping mechanisms by which both proteins affect the secretion of proinflam-
matory proteins in primary human adipocytes. Whether the increased release of chemokines
triggered by omentin, which is almost exclusively detected in visceral fat depots, may
contribute to the predominantly visceral immune cell infiltration in adipose tissue of indi-
viduals with obesity needs to be elucidated in further studies.

To our knowledge, this is the first experimental study investigating the effect of omentin
on the secretion of biomarkers of inflammation in primary human adipocytes and showing
that omentin might have a proinflammatory phenotype. These findings extend our recent
liquid-chromatography mass spectrometry-based proteomics analysis demonstrating that
most of the omentin-regulated proteins and their potential upstream regulators were proin-
flammatory cytokines and that the omentin-regulated proteins were overrepresented in
signaling pathways which might promote a proinflammatory condition [25].

[t is important to note that our experimental approach may have been biased due to two
aspects. First, the multiplex assay used here contained far more pro- than anti-inflammatory
proteins. However, classical anti-inflammatory proteins including IL-4, IL-10, and IL-13 were
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Fig. 2. Impact of short-term omentin treatment (500 or 2,000 ng/mL, 30 min) on the phosphorylation levels
of nuclear factor kB (NFkB) p65 (Ser536) (A), p38 mitogen-activated protein kinase (Thr180/Tyr182) (B),
and extracellular signal-regulated kinase (ERK) 1 (Thr202/Tyr204)/ERK 2 (Thr185/Tyr187) (C) in primary
human adipocytes. Relative phosphorylation levels of NFkB, p38, and ERK 1/2 were quantified by normal-
izing to total protein. Expression is shown as fold increase relative to control. Data are shown as the mean *
SEM (n = 3). Differences between treatments were analyzed by Friedman’s test followed by Dunn’s test as
correction for multiple testing.
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Fig. 3. Effect of different concentrations of omentin (500 or 2,000 ng/mL, 24 h) or TNF-a (20 ng/mL, 24 h)
on the phosphorylation levels of nuclear factor kB (NFkB) p65 (Ser536) (A), p38 mitogen-activated protein
kinase (Thr180/Tyr182) (B), and extracellular signal-regulated kinase (ERK) 1 (Thr202/Tyr204/2)/ERK 2
(Thr185/Tyr187) (C) in primary human adipocytes. Relative phosphorylation levels of NFkB, p38, and ERK
1/2 were quantified by normalizing to total protein. Expression is shown as fold increase relative to control.
Data are shown as the mean + SEM (n = 5). Differences between treatments were analyzed by Friedman'’s test
followed by Dunn’s test as correction for multiple testing.
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not detectable in supernatants of the control cells and also not upregulated by omentin. Among
the omentin-regulated proteins, several proteins such as IL-6, hepatocyte growth factor, and
osteoprotegerin also have anti-inflammatory properties depending on the immunological
context, so that any discussion with respect to pro- and anti-inflammatory effects represents
to some extent an oversimplification if only one cell type is assessed in such in vitro studies.

Second, our approach of using unstimulated adipocytes is less suitable to detect anti-
inflammatory effects compared to an experimental setting based on lipopolysaccharide
(LPS)- or cytokine-activated cells. Therefore, our data may be seen as complementary rather
than conflicting compared with other in vitro studies investigating the effect of omentin on
inflammatory processes in other cell types.

One study aiming to analyze the relevance of omentin for osteoporosis reported that
recombinant omentin (at a supraphysiological concentration of 300 pg/mL) suppressed the
secretion of proinflammatory proteins including IL-1«, IL-1f, and IL-6 that was induced by
TNF-a in mouse macrophages [31]. The same study evaluated the role of omentin in inflam-
mation using an omentin knockout mouse model and showed that the depletion of omentin
led to an increase in serum concentrations of IL-1a, TNF-a, and IL-6 [31]. Two additional
studies indicated that omentin diminished the levels of proinflammatory cytokines and chemo-
kines including IL-6 and TNF-a in the serum of obese mice [32] or in the lung tissue of LPS-
treated mice [33]. Thus, these findings argue rather for anti-inflammatory effects of omentin.

These contrasting data might be explained by species- and cell-specific differences in the
omentin-induced secretory process because the aforementioned studies only included
findings from mice. However, we used primary human adipocytes. In addition, Song et al.
administered omentin every 2 weeks for a total of 8 weeks via tail vein injection of an adeno-
viral vector to obese mice followed by the determination of produced proinflammatory cyto-
kines 2 weeks after the last treatment [32]. In contrast, we measured the levels of proinflam-
matory biomarkers after the treatment of primary human adipocytes with recombinant
omentin for 24 h. Other reasons for the differences might be that Rao et al. [31] used an
inflammatory cell model by treating macrophages with TNF-aand that in the study of Qi et al.
[33] mice were treated with LPS 3 days after omentin injection. In contrast, we investigated
the effect of omentin without a previous or additional proinflammatory stimulus on the
secretory process of primary human adipocytes.

Taken together, our results suggest that omentin has mainly proinflammatory properties
in our in vitro system of unstimulated primary human adipocytes. Of note, higher levels of
several of these biomarkers (e.g., IL-6, IL-8, macrophage inflammatory proteins-1a, MCP-1,
vascular endothelial growth factor A, and macrophage colony-stimulating factor 1) have been
shown to be associated with increased risk of T2D and CVD in large cohort studies and/or
meta-analyses [34-38]. These associations may explain the link between higher omentin
levels and higher cardiometabolicriskin prospective studies [20-24]. However, itisimportant
to note that our study focused on the impact of omentin on adipocytes and has implications
for local effects on adipose tissue, whereas systemic effects of omentin may be more complex.

Omentin May Mediate Its Proinflammatory Action via NFkB, p38 MAPK, and ERK

Signaling

The in silico analysis suggested distinct signaling pathways by which omentin might
trigger the release of proinflammatory biomarkers. Several proinflammatory cytokines
including TNF-a, three members of the IL-1 family (IL1B, IL1A, and IL18), and IL17A were
characterized in silico as potential upstream regulators of the omentin-induced secretion
profile. TNF-a, IL1B, and IL18 are known to induce their downstream signals through acti-
vation of several inflammatory kinases including p38 MAPK and ERK as well as the tran-
scription factor NFkB [39-41]. Of note, this transcription factor and the two kinases were
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proposed as potential upstream regulators in our dataset. The fact that the analysis identified
the transcription factor RELA (also known as p65) points towards the potential importance
of NFkB signaling in the mode of action of omentin. Posttranslational modifications of RELA,
which are triggered by the aforementioned cytokines (TNF-a or IL-1) [42], lead to the acti-
vation of the canonical NFkB pathway. Our previous proteomics study has already provided
preliminary evidence that the activation of NFkB may play a central role in the omentin-regu-
lated secretion pattern [25].

The involvement of these inflammatory signaling pathways in the mode of action of
omentin was validated by Western blot analysis. We demonstrated that omentin activated
NFkB, p38, and ERK pathways in human fat cells. This activation of the signaling pathways is
in line with the observed secretion of proinflammatory biomarkers because the transcription
factor NFkB reflects a major regulator of immune and inflammatory processes through the
regulation of genes encoding proinflammatory cytokines, chemokines, and adhesion mole-
cules [43]. However, it should be noted that NFkB signaling is complex with multiple subunits
and proteins involved, so that additional studies would be required to investigate the acti-
vation of this pathway in more detail. Another signal transduction pathway that is involved
in the regulation of proinflammatory cytokines is the p38 MAPK pathway [44]. Thus, it is
conceivable, that these pathways participate in the omentin-induced secretion of proinflam-
matory biomarkers in primary human adipocytes. In addition, the proinflammatory condition
is maintained via a positive feedback loop because the production of inflammatory signals
such as IL-1p and TNF-a by the activated pathways serve as stimuli for the same pathways.

In contrast, currently available data from other mechanistic in vitro studies addressed
the role of omentin mainly in HUVECs and SMCs. They identified omentin as anti-inflam-
matory, anti-atherosclerotic and cardioprotective adipokine. In cultured HUVECs, omentin
exerted its inhibitory role on the inflammatory state by inhibiting TNF-a-induced cyclooxy-
genase-2 expression via suppressing [NK activation through adenosine monophosphate-acti-
vated protein kinase (AMPK)/endothelial nitric oxide synthase (eNOS)-dependent mecha-
nisms[15] and inhibited the expression of intercellular and vascular cell adhesion molecule-1
(ICAM-1 and VCAM-1) through suppression of the ERK/NFkB signaling pathways [16].
Another in vitro study in HUVECs found that omentin enhanced endothelial cell differenti-
ation and reduced apoptotic activity through activation of AMPK/eNOS signaling pathways
[13], which in turn argued for protective effects of omentin. In line with these findings, a
fourth study in HUVECs reported that omentin promoted vasodilation in isolated blood
vessels through endothelium-derived nitric oxide [14]. With respect to vascular SMCs, it has
been shown that omentin inhibited the TNF-a-induced expression of VCAM-1 and monocyte
cell adhesion to SMCs by suppressing p38/JNK signaling pathways [12].

Again, one possible explanation for the discrepancy could be that the regulation of these
signaling pathways is dependent on the cell type and tissue. In addition, it is noteworthy that
mostofthe studies have determined the anti-inflammatory effect of omentinin cells pretreated
with supraphysiological concentrations of proinflammatory cytokines. In contrast, we inves-
tigated whether omentin alone in a physiological concentration has an effect on the inflam-
matory signaling pathways.

Studies on the role of omentin in inflammation and its mechanism in primary human
adipocytes are limited. There is only one study showing that omentin reduced the gene
expression of TNF-a in mature adipocytes. However, the study did not report an effect of
omentin on the expression of other inflammation-involved genes such as IL-6 and IL-1a, and
other biomarkers such as chemokines were not analyzed [45]. In contrast, the present study
examined the impact of omentin on cellular responses at different levels. We could not only
show that omentin induced the secretion of proinflammatory biomarkers in adipocyte super-
natants, but also that inflammatory signaling pathways were activated upon omentin
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treatment. So far, data from the present study and findings from our previous proteomics
analysis [25] addressed the immunomodulatory phenotype of omentin in primary human
adipocytes using the most comprehensive approach.

Strengths of the current study include the use of primary human adipocytes. We treated
the differentiated adipocytes with recombinant omentin in serum- and growth factor-free
medium (in contrast to other studies which used pretreatment with proinflammatory cyto-
kines) in order to determine the specific effect of omentin on basal adipokine release. Although
we cannot exclude potential transcriptional effects of FCS used during the differentiation
process, it is important to note that all adipocytes were kept under the same conditions, and
this should not interfere with the observed effects induced by omentin. Another important
strength is the use of physiological concentration of recombinant omentin for stimulation
experiments. Finally, we used both in silico and in vitro methods to identify mechanisms that
may explain our initial observations with respect to protein expression. Of note, we measured
92 inflammatory biomarkers to comprehensively characterize the omentin-induced altera-
tions in protein abundance in adipocyte supernatants.

Limitations include the use of primary cells from Caucasian donors, and so our results
may not be generalizable to other ethnic groups. Moreover, we did not quantify the accumu-
lation of lipids or the differentiation efficacy; so, it is possible that our adipocyte cultures may
have contained alow amount of preadipocytes, stem cells, endothelial cells, as well as immune
cells despite the in vitro differentiation process. As discussed above, our cell system was
better suited to detect pro- rather than anti-inflammatory effects of omentin. In order to
assess potential anti-inflammatory effects on adipocytes, different experimental conditions
including prestimulated cells may be of interest for future studies.

In conclusion, omentin showed proinflammatory effects on cultured primary human
adipocytes through the induction of the secretion of proinflammatory proteins and the acti-
vation of the inflammatory pathways NFkB, p38, and ERK1/2. These findings are in line with
the positive associations between omentin and risk of T2D and CVD in prospective studies.
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