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Abstract

Objective—Free fatty acids (FFAs) are increased in visceral fat and contribute to insulin 

resistance through multiple mechanisms, including c-Jun N-terminal kinase (JNK) activation and 

expression of TNFα. Given that IGF-I-mediated proliferation is impaired in omental compared to 

subcutaneous (sc) preadipocytes, we investigated IGF-I anti-inflammatory action in preadipocytes 

from sc and omental adipose tissue.

Methods—Preadipocytes isolated from abdominal sc and omental fat of obese subjects were 

studied in primary culture. Cells were exposed to FFAs with or without IGF-I pretreatment 

followed by analysis of cytokine expression and JNK phosphorylation. Lentivirus infection was 

used to express a constitutively active AKT (myr-AKT) in omental preadipocytes.

Results—FFAs increased expression of TNFα, IL-6 and MCP-1 in sc and omental 

preadipocytes. IGF-I pretreatment reduced FFA-induced JNK1 phosphorylation and TNFα 

expression in sc but not omental preadipocytes. Treatment with the JNK1/2 inhibitor SP600125 

reduced FFAinduced expression of TNFα. FFAs and MALP-2, a specific TLR2/6 ligand, but not 

specific ligands for TLR4 and TLR1/2, increased JNK1 phosphorylation. IGF-I completely 

inhibited MALP-2-stimulated phosphorylation of JNK1. Expression of myr-AKT in omental 

preadipocytes inhibited FFA-stimulated JNK1 phosphorylation.

Conclusions—IGF-I attenuates FFA-induced JNK1 phosphorylation and TNFα expression 

through activation of AKT in human subcutaneous but not omental preadipocytes.
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INTRODUCTION

Obesity develops through adipocyte hyperplasia (increased proliferation and differentiation 

of preadipocytes) and hypertrophy (increased lipid storage), but morbidities such as 

cardiovascular disease are associated with excess visceral fat, insulin resistance and chronic 

inflammation(1). Visceral and subcutaneous (sc) fat are active metabolic tissues but with 

significant differences in adipogenesis, adipokine production and inflammation(2;3). In fact, 

accumulating evidence indicates that chronic inflammation in visceral adipose tissue, 

including accumulation of macrophages and production of cytokines such as TNFα and 

IL-6, leads to insulin resistance and its associated morbidities(4).

Free-fatty acids (FFAs), originating from increased lipolysis of visceral hypertrophic 

adipocytes, contribute to the inflammatory milieu in visceral fat through the family of Toll-

like receptors (TLR)(5). TLRs expressed in adipose tissue mediate both innate immunity and 

inflammation (6). TLRs are overexpressed in human omental compared to sc fat tissue(7), 

with TLR4 expression highest in adipocytes(8). Human adipocytes and preadipocytes 

express TLR1, TLR2, TLR3, TLR4 and TLR6(9). FFAs activate TLR4 and TLR2 partnered 

with TLR1 or TLR6(5). Activation of TLR4, TLR2/1 and TLR2/6 leads to stimulation of 

specific signaling pathways followed by expression of certain cytokines, including TNFα, 

IL-6 and MCP-1(8;9).

Preadipocytes make up a significant portion of cells in white adipose tissue, providing a 

stable pool of adipocyte precursors for adipogenesis(10). However, it has become 

increasingly clear that preadipocytes are also secretory cells that have a “macrophage-like” 

phenotype (11;12) and produce a number of cytokines, including TNFα, IL-6 and 

MCP-1(13). Preadipocytes exhibit depot-specific differences in gene expression(14;15), 

proliferation(16), differentiation(2) and fatty acid handling(17). We have previously shown 

that IGF-I activation of AKT is impaired in human omental compared to sc preadipocytes 

from obese subjects (18), suggesting intrinsic depot-specific differences in response to IGF-

I.

In 3T3-L1 adipocytes, a mixture of saturated and unsaturated FFAs increased the expression 

of TNFα through the activation of the JNK pathway(19), and the fatty acid palmitate 

induced the expression of IL-6 more than TNFα through the NFκB pathway(20). In human 

preadipocytes, the potent TLR4 agonist LPS stimulated TNFα, IL-6 and MCP-1 through the 

NFκB and ERK pathways(21). Although FFAs have been shown to impair IGF-I signaling 

in 3T3-L1 preadipocytes (22), evidence that IGF-I inhibits FFA-induced TNFα expression 

in 3T3- L1 adipocytes (23) suggests crosstalk between IGF-I and FFA-mediated 

inflammatory pathways.

Given the numerous differences in preadipocyte development and function between visceral 

and sc fat depots, including our previous observation that IGF-I action is impaired in 
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omental preadipocytes(18), we hypothesized that the inflammatory characteristics of 

preadipocytes and the role of IGF-I as an anti-inflammatory agent would be different 

between depots. In this study, we characterize FFA-induced inflammatory pathways and 

cytokine expression in IGF-I-treated human preadipocytes isolated from abdominal sc and 

omental adipose tissue.

METHODS and PROCEDURES

Materials

Tissue culture reagents were purchased from GibcoBRL (Life Technologies, Grand Island, 

NY). Buffer reagents were purchased from Sigma (St. Louis, MO). Enhanced 

chemiluminescence reagents were purchased from Amersham Life Science (Arlington 

Heights, IL). Polyvinylidene fluoride membranes were purchased from Bio-Rad 

Laboratories (Hercules, CA). Antibodies for Western blot analysis were obtained from Cell 

Signaling Technology (Beverly, MA). Human recombinant IGF-I was obtained from 

GroPep (Adelaide, Australia). FFA mixture of oleic, linoleic, arachadonic, lauric and 

myristic acids (Sigma) in 0.5% BSA was used as described(19). Specific TLR agonists LPS 

(TLR4 agonist), Pam3CSK4 (TLR1/2 agonist) and MALP-2 (TLR2/6 agonist) were 

purchased from InvivoGen (San Diego, CA). MAPK inhibitors for ERK, p38 and JNK were 

purchased from Cell Signaling Technology (Danvers MA). The AKT 1/2 kinase inhibitor 

was purchased from Sigma (#A6730).

Isolation and culture of human preadipocytes

Fat tissue was obtained during intraabdominal surgery from 16 obese but nondiabetic 

subjects [mean (SD) age 44.5 yr (2.6); body mass index 54 kg/m2 (7.1); 66% female, 100% 

Caucasian; fasting glucose 120.8 mg/dl (3.7); and fasting insulin 17.3 µU/ml (3.4)] who had 

given informed consent. The protocol was approved by the Boston University Medical 

Center and Mayo Clinic Foundation Institutional Review Boards for Human Research. All 

subjects fasted 10 h before surgery. Subjects with malignancies or taking thiazolidinediones 

or steroids were excluded. Abdominal sc (outside the fascia superficialis), mesenteric, and 

greater omental fat were obtained in parallel. Fat tissue was digested, filtered, centrifuged, 

treated with an erythrocyte lysis buffer and plated. Replating was done after 18 hours and 

then cells were frozen. Aliquots of donor-specific sc and omental preadipocytes identified 

only by number were thawed in parallel and passaged three to five times before use in 

experiments. Since endothelial cells and macrophages are less sensitive to trypsin than 

preadipocytes, replating and passaging leave them behind in differential plating. 

Furthermore, macrophages do not divide. This method yields essentially pure preadipocyte 

populations with less than 5 macrophages per million cells by microscopy irrespective of 

depot origin as described previously (2). We have also demonstrated that cultures of 

preadipocytes prepared using this method are free of macrophage or endothelial-specific 

markers using Affymetrix U133A arrays(24).

Experiments compared sc and omental preadipocytes in parallel from a single donor, and 

repeat experiments used sc and omental cells in parallel from different donors. Cell 

monolayers were cultured in α modified Eagle’s medium containing 10% heat-inactivated 
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fetal bovine serum (FBS) and antibiotics, used at 50–70% confluence, and placed in serum-

free medium with 0.1% BSA overnight before treatment and analysis.

Cytokine and TLR gene expression by real-time RT-PCR

Total RNA was isolated using TriReagent (Molecular Research, Inc., Cincinnati, OH). 

cDNA was synthesized from 2µg total RNA with TaqMan Reverse Transcription reagents 

(Applied Biosystems, Framingham, MA) and assayed using Power SYBR Green RT-PCR 

Reagents kit (Applied Biosystems) and ABI Prism thermal cycler model 7500 (Applied 

Biosystems) with 28S as an internal control. Relative expression of PCR products was 

calculated using the ΔΔCt method, and melt curve analysis was performed to assess the 

specificity of each PCR.

Primers based on published sequences for TLRs (9) and commercially-available primers for 

TNFα, IL-6 and MCP-1 were purchased from Integrated DNA Technologies (Coralville, 

IA).

Western blot analysis

Total cellular lysates were obtained using RIPA buffer [0.15 mM NaCl, 0.05 mM TrisHCl 

(pH 7.2), 1% sodium deoxycholate, and 0.1% sodium dodecyl sulfate] with 0.2% Triton 

X-100. Proteins were resolved by SDS-PAGE, transferred to polyvinylidene fluoride 

membranes, blocked in 1% BSA in Tris-buffered saline with 0.1% Triton X-100, and probed 

with primary antibody at 1:1000 dilution. The blots were washed extensively, probed with 

secondary antibody for 1 h at room temperature, and then washed again. Specific binding 

was visualized using enhanced chemiluminescence followed by detection with a ChemiDoc-

It Imaging System, UPV Labworks (Upland, CA).

Lentivirus expression of myristoylated AKT—Full length myr-AKT1 in the 

pUSEamp vector was purchased from Millipore (Billerica, MA), subcloned into the pLenti-

His vector (Applied Biological Materials, Richmond BC Canada) and then sent back to 

Applied Biological Materials to be packaged into lentivirus, propagated and purified. High-

titer replication-incompetent myr-AKT-lentivirus and Lenti-GFP (Applied Biological 

Materials) was stored at −20 C until use.

Low-passage omental preadipocytes were cultured in 6-well plates at ~50% confluence and 

incubated with 1 ml/well viral supernatant in 1% FBS and 8µg/ml polybrene overnight. The 

following day, viral supernatant was removed and replaced with complete growth medium 

for 72 hours. Cells that received Lenti-GFP were monitored by microscopy, and if >80% 

were positive, then monolayers were serum-starved overnight for experiments the following 

morning.

Statistical analysis

Data are expressed as mean ± SEM. Differences were analyzed with Student’s t test or 

ANOVA using Prism version 4 (GraphPad Software, Inc., San Diego, CA). A p value <0.05 

was considered statistically significant.
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RESULTS

FFA-induced cytokine expression in sc and omental preadipocytes

Given our previous observations that IGF-I-mediated proliferation is impaired due to 

aberrant AKT signaling in omental compared to sc human preadipocytes(18), we 

hypothesized that the inflammatory characteristics of preadipocytes or the role of IGF-I as 

an anti-inflammatory agent would be different between depots. In order to determine the 

effect of FFAs on human preadipocytes from different depots, we treated sub-confluent 

preadipocytes from sc and omental fat tissue with a mixture of saturated and unsaturated 

FFAs composed of the common dietary fats oleic, linoleic, arachadonic, lauric and myristic 

acids for 4 hours with or without IGF-I pretreatment for 1 hour and then analyzed RNA for 

TNFα, IL-6 and MCP-1 expression (Figure 1). FFAs increased expression of all 3 cytokines 

in preadipocytes from both depots. IL-6 increased 7 fold whereas TNFα and MCP-1 

increased 3–4 fold. There were no statistical differences in TNFα, IL-6 or MCP-1 

expression between depots (Figure 1, closed bars).

IGF-I treatment alone had no effect on cytokine expression; however, IGF-I treatment 

significantly decreased FFA-induced TNFα expression in human sc but not omental 

preadipocytes (Figure 1, striped bars). IGF-I pretreatment had no effect on FFA-induced 

MCP-1 or IL-6 expression in either human sc or omental preadipocytes.

FFA activation of TLR signaling pathways in human preadipocytes

This mixture of FFAs has been shown to activate the stress kinases JNK and IKK and to 

induce TNFα expression via JNK activation in adipocytes(19), therefore we examined JNK 

and IKK phosphorylation by FFAs in the presence or absence of IGF-I. Figure 2 shows a 

representative Western blot of phospho-JNK and total JNK using antibodies that recognize 

both JNK1 and JNK2 isoforms. FFAs increase phosphorylation of predominantly JNK1 in 

both sc and omental preadipocytes, and there appears to be negligible JNK2 present in total 

lysates. IGF-I pretreatment reduced FFA-induced JNK1 phosphorylation by ~50% in sc but 

not omental preadipocytes, consistent with reduction of FFA-induced TNFα expression. 

However, FFAs at concentrations ranging 0.1mM to 1mM did not increase the 

phosphorylation of IKKα or IKKβ, and IKK and NFκB were not detectable in total lysates 

by Western blot (data not shown).

Both murine and human adipose tissue (6;9;25) express numerous members of the TLR 

family. We confirmed expression of TLR1, TLR2, TLR4 and TLR6 in sc and omental 

preadipocytes with no differences in TLR expression between depots (data not shown). We 

also found no effect of IGF-I treatment for 24 hours or FFA treatment for 4 hours on 

expression of any of these TLRs (data not shown). FFA treatment of preadipocytes 

overnight resulted in significant apoptosis (data not shown), so RNA could not be analyzed 

for TLR expression.

Given that IGF-I inhibition of FFA-induced JNK1 phosphorylation and TNFα expression 

only occurs in human sc preadipocytes, we focused on characterizing the TLR signaling 

pathways mediating effects of FFAs in sc preadipocytes. Following preliminary experiments 

to optimize concentration and time of ligand treatment, we compared phosphorylation of the 
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ERK, JNK and p38 pathways by FFAs and specific TLR ligands, including LPS (TLR4), 

macrophage-activating lipopeptide-2 (MALP-2; TLR2/6) and Pam3CSK4 (TLR1/2). Figure 

3 shows a representative Western blot analyzing cell lysates from sc preadipocytes treated 

with FFAs, MALP-2 or Pam3CSK4. We found that FFAs increase phosphorylation of all 

three MAP kinase pathways as does MALP-2 but Pam3CSK4 activates predominantly ERK 

with barely detectable p38 phosphorylation. LPS also increased phosphorylation of ERK 

and p38 with negligible phosphorylation of JNK1 (data not shown). These results suggest 

that of the TLRs expressed in human sc preadipocytes, TLR2/6 is the major activator of 

JNK1.

In order to confirm that the JNK pathway is critical to FFA-mediated TNFα expression, we 

analyzed FFA-induced expression of TNFα, MCP-1, and IL-6 in the presence of specific 

MAP kinase inhibitors. Human sc preadipocytes were pretreated with various inhibitors 

prior to FFA treatment and then RNA analyzed by quantitative RT-PCR (Figure 4). In the 

presence of p38 (SB20358) and JNK (SB600125) inhibitors, FFA-induced TNFα expression 

decreased by 37% (p<0.001) and 65% (p<0.0001) respectively, while MCP-1 expression 

decreased by 42.6% (p<0.001) and 51.7% (p<0.001) respectively. FFA-induced IL-6 

expression decreased only in the presence of the p38 inhibitor (results not shown). These 

results suggest that FFAs do not signal through ERK to induce TNFα, MCP-1 and IL-6, but 

that JNK and p38 are important pathways for FFA-induction of TNFα and MCP-1 

expression.

IGF-I inhibits TLR2/6 activation of JNK1

Given that FFAs and MALP-2 phosphorylate JNK1 and p38 and that FFA-induced TNFα 

expression requires JNK and p38 activation, we tested the hypothesis that the attenuation of 

FFA-induced JNK1 activation by IGF-I occurs through crosstalk with TLR 2/6. We 

pretreated sc preadipocytes with IGF-I for 1hr, then with the specific TLR2/6 agonist 

MALP-2 or FFAs followed by Western blot analysis of phospho and total JNK and p38 

(Figure 5). IGF-I partially inhibited FFA activation of JNK1 and not p38 but IGF-I 

completely blocked MALP-2 activation of JNK1 with no effect on p38. Others have shown 

that like FFAs, LPS specific activation of TLR4 induces TNFα expression in human 

preadipocytes(21), but we found no effect of IGF-I on LPS-stimulated JNK1 

phosphorylation (data not shown). These results suggest that IGF-I attenuation of JNK1 

activation by FFAs in sc preadipocytes occurs through crosstalk with TLR2/6-activated 

JNK1 pathway.

AKT inhibits FFA-stimulated JNK1 phosphorylation

Other studies have shown that IGF-I inhibition of JNK requires AKT(26), so given our 

previous findings that IGF-I activation of AKT is impaired in omental preadipocytes(18), we 

hypothesized that IGF-I attenuates JNK phosphorylation in sc but not omental preadipocytes 

through AKT activation. First, we pretreated sc preadipocytes with a specific chemical 

inhibitor of AKT(27), exposed them to IGF-I and FFAs and then analyzed JNK1 

phosphorylation (Figure 6A). Inhibition of AKT prevented IGF-I attenuation of FFA-

activated JNK1, suggesting that AKT mediates IGF-I action on JNK1. In order to obtain 

more direct evidence of AKT action on JNK1, we infected omental preadipocytes with 
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lentivirus expressing a constitutively active form of AKT, myristoylated AKT(28) (myr-

AKT) or GFP as a control and then treated the cells with FFAs with or without IGF-I 

pretreatment (Figure 6B). We found that omental cells expressing myr-AKT had increased 

S6 phosphorylation confirming AKT activity and reduced FFAstimulated JNK1 

phosphorylation compared to GFP control cells, confirming inhibition of JNK1 by AKT.

DISCUSSION

We investigated the effects of a mixture of FFAs on primary cultures of preadipocytes 

isolated from abdominal sc and omental fat of obese subjects in order to test the hypothesis 

that FFA-induced inflammatory effects in preadipocytes would differ between depots. FFA 

uptake into human omental preadipocytes is greater than sc preadipocytes (17), suggesting 

there may be a difference in FFA action between depots. There is more evidence that the 

inflammatory properties of adipocytes differ between omental and subcutaneous depots. For 

example, human omental adipocytes secrete more IL-6 than sc adipocytes (29) and 

expression of the TNFα receptor-1 is higher in human omental than sc adipocytes (30). 

However, we found no differences in the FFA-induced expression of TNFα, MCP-1 and 

IL-6 or expression of the TLR family members TLR1, TLR2, TLR4 or TLR6 between sc 

and omental preadipocytes. A weakness of our studies is that cytokine protein 

concentrations were not measured in culture medium, so we cannot address whether 

cytokine secretion, like gene expression, was similar between depots. We found FFA-

induced expression of IL-6 was greater than TNFα and MCP-1 in preadipocytes, similar to 

greater palmitate-induced IL-6 than TNFα expression in adipocytes (20). LPS-induced IL-6 

expression has also been shown to be higher in preadipocytes than adipocytes(21;31).

Our results provide indirect evidence that FFAs increase TNFα expression through TLR2/6 

activation of the JNK1 pathway in preadipocytes from obese subjects. We did not study 

preadipocytes from fat depots of normal weight subjects nor did we perform rigorous 

metabolic testing in our obese subjects to definitively exclude prediabetes or diabetes. 

Despite these limitations, we suspect these results reflect preadipocytes regardless of the 

degree of obesity or glycemia, because they are similar to findings in 3T3-L1 adipocytes that 

FFA-induced TNFα requires JNK activation(19). However, important differences in FFA 

signaling exist between preadipocytes and adipocytes. We found JNK1 to be the 

predominant JNK isoform, but unlike adipocytes(8;19), we detected no activation of IKKβ 

or NKκB in preadipocytes. ERK phosphorylation occurs through FFA activation of three 

TLRs, but unlike adipocytes(32), ERK does not have a role in expression of TNFα, MCP-1 

or IL-6 in preadipocytes. Our observations indicate that, similar to adipocytes(33;34), the 

p38 pathway is critical for IL-6 and important for TNFα and MCP-1 expression in 

preadipocytes.

Given our previous observation that IGF-I regulation of proliferation is impaired in omental 

preadipocytes from these same subjects(18), we also suspected that the anti-inflammatory 

action of IGF-I would be reduced in omental preadipocytes. Evidence of anti-inflammatory 

action of IGF-I is limited. IGF-I inhibits TNFα and IL-6 expression in vascular smooth 

muscle cells (35), and IGF-I inhibits FFA-induced TNFα expression in 3T3-L1 

adipocytes(23). We found that IGF-I reduced FFA-induced JNK1 activation and TNFα 
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expression in human sc but not omental preadipocytes. IGF-I had no significant effect on 

FFA-induced MCP-1 or IL-6 in preadipocytes from either depot. In addition, IGF-I 

attenuated only JNK1 and not p38 phosphorylation by FFA and the TLR2/6 ligand 

MALP-2, suggesting the mechanism of IGF-I action is restricted to the JNK1 pathway 

downstream of TLR2/6 activation.

IGF-I attenuation of the JNK pathway has been described in a number of cell types, 

including 293 cells(26), islets(36), neuroblastoma cells (37) and now preadipocytes. In all 

cases, IGF-I inhibited JNK activation through AKT activation. Consistent with these 

observations, we were able to inhibit FFA-stimulated JNK1 in omental preadipocytes by 

restoring AKT activity through expression of a constitutively activated AKT. The 

mechanism of JNK inhibition has been shown to involve AKT regulation of JNK-interacting 

protein 1 (JIP1), a scaffold protein that is required for JNK activation(38;39). In neurons, 

AKT1 binding to JIP1 prevents JNK activation(39), and in adipose tissue, JIP1 is essential 

to JNK activation (40). This mechanism may explain our findings that IGF-I-activated AKT 

attenuates JNK1 phosphorylation in human sc but not omental preadipocytes.

Our observations extend previous studies of FFA action in adipose tissue, including 

significant FFA-induced cytokine expression by preadipocytes(9). To our surprise, FFA 

stimulation of TNFα, IL-6 and MCP-1 was not different between depots, but we did not 

measure cytokine protein secretion. Like other studies, we found similar expression of TLRs 

in sc and omental preadipocytes(7). Although we did not directly compare preadipocytes 

and adipocytes, we found many similarities in FFA action between preadipocytes and 

adipocytes (8;19;32), including inhibition of FFA-induced TNFα expression in adipocytes 

by IGF-I(23). Our results reinforce the significance of the preadipocyte as an inflammatory 

cell, confirm the role of AKT in regulating JNK1 and support an emerging role of IGF-I as 

anti-inflammatory. We conclude that impaired anti-inflammatory action of IGF-I in omental 

preadipocytes may contribute to the chronic inflammation in visceral adipose tissue.
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Figure 1. 
FFAs increase cytokine expression in human preadipocytes. Human sc (HSP) and omental 

(HOP) preadipocytes were serum-starved for 12 hours then pretreated with or without 10 

nM IGF-I for 1 hr followed by 0.1mM FFAs for 4 hours prior to RNA isolation. RNA was 

analyzed by quantitative RT-PCR using Syber green and primers for TNFα, MCP-1 and 

IL-6. Data are presented as mean +SE, n= 3, p<0.05 in FFA-treated compared to IGF-I plus 

FFA-treated.
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Figure 2. 
IGF-I attenuates JNK activation by FFAs in sc but not omental preadipocytes. Human sc 

(HSP) and omental (HOP) subconfluent cells were serum-starved overnight then pretreated 

with 10nM IGF-I for 1hr followed by 0.1mM FFAs for 20 min. Cell lysates were analyzed 

by WB using phospho-JNK and total JNK antibodies. A representative blot is shown. Data 

are presented as mean + SE of densitometry analyses of FFA-treated compared to IGF-I plus 

FFA treatment, p=0.01, n=3.
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Figure 3. 
FFA and MALP-2, but not Pam3CSK4 increase phosphorylation of JNK. Human sc 

preadipocytes were serum-starved overnight and treated with Pam3CSK4 1µg/ml or 

10µg/ml, MALP-2 2µg/ml or 5µg/ml or FFAs 0.1mM for 20 minutes followed by WB 

analysis of cell lysates using phospho and total JNK, ERK and p38 antibodies. 

Representative blot is shown; this was repeated twice with similar results.
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Figure 4. 
FFA-induced cytokine expression is decreased by p38 and JNK inhibition. Human sc 

preadipocytes were serum-starved for 12 hours then pretreated for 1 hour with control, 

50µM ERK inhibitor PD098059, 50µM p38 inhibitor SB20358 or 50µM JNK inhibitor 

SP600125 prior to 0.1mM FFAs for 4 hours. RNA was isolated for analysis by quantitative 

RT-PCR using Syber green and primers for A. TNFα expression: data are presented as mean 

+SE, n=3, p<0.001 FFA-treated compared to SB20358 plus FFAs; p<0.0001 FFA-treated 

compared to SP600125 plus FFAs and B. MCP-1 expression: data are presented as mean 
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+SE, n=3, p<0.001 FFA-treated compared to SB20358 plus FFAs; p<0.001 FFA-treated 

compared to SP600125 plus FFAs.
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Figure 5. 
IGF-I decreases FFA and MALP-2-stimulated JNK phosphorylation. Human sc 

preadipocytes were serum-starved overnight and then pretreated with 10nM IGF-I for 1hr 

followed by control, MALP-2 5µg/ml or FFAs 0.1mM for 20 minutes. Total cell lysates 

were analyzed by WB using phospho and total JNK and p38 antibodies. A representative 

blot is shown and data are presented as mean + SE of densitometry analyses of fold over 

basal (phospho-JNK and phospho-p38 corrected for total JNK and total p38) of 3 

experiments; *p<0.05.
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Figure 6. 
AKT regulates JNK phosphorylation in both sc and omental preadipocytes. A. Human sc 

preadipocytes were serum-starved overnight, pretreated with 10µM AKT inhibitor or its 

diluent DMSO for 1 hour then treated with 10nM IGF-I for 1 hour followed by 0.1mM 

FFAs for 20 minutes prior to generation of cell lysates for analysis by WB using phospho 

and total JNK antibodies. This experiment was repeated using cells from a different donor 

with similar results. B. Human omental cells were transduced with lentivirus containing 

GFP or myr-AKT, allowed to recover for 3 days, serum-starved overnight, treated with or 
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without 10nM IGF-I followed by 0.1mM FFAs for 20 minutes. Total cell lysates were 

analyzed by WB using total AKT, phospho-S6, total and phospho JNK antibodies. This 

experiment was repeated using cells from a different donor with similar results.
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