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Abstract

Objective—We have shown that insulin-like growth factor I (IGF-1) infusion in Apoe™~ mice
decreased atherosclerotic plaque size and plague macrophage and lipid content suggesting that
IGF-1 suppressed formation of macrophage-derived foam cells. Since 12/15-lipoxygenase (12/15-
LOX) plays an important role in OxLDL and foam cell formation, we hypothesized that IGF-1
downregulates 12/15-LOX, thereby suppressing lipid oxidation and foam cell formation.

Approach and Results—We found that IGF-1 decreased 12/15-LOX plaque immunopositivity
and serum OXLDL levels in Apoe™'~ mice. IGF-1 reduced 12/15-LOX protein and mRNA levels
in cultured THP-1 macrophages and IGF-1 also decreased expression of STAT6 transcription
factor. IGF-1 reduction in macrophage 12/15-LOX was mediated in part via a P13 kinase- and
STATG6-dependent transcriptional mechanism. IGF-1 suppressed THP-1 macrophage ability to
oxidize lipids and form foam cells. IGF-1 downregulated 12/15-LOX in human blood-derived
primary macrophages and IGF-1 decreased LDL oxidation induced by these cells. IGF-1 reduced
LDL oxidation and formation of foam cells by wild type murine peritoneal macrophages, however
these effects were completely blocked in 12/15-LOX-null macrophages suggesting that the ability
of IGF-1 to reduce LDL oxidation and foam cells formation is dependent on its ability to
downregulate 12/15-LOX.

Conclusions—Overall our data demonstrate that IGF-1 reduces lipid oxidation and foam cell
formation via downregulation of 12/15-LOX and this mechanism may play a major role in the
anti-atherosclerotic effects of IGF-1.
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1. INTRODUCTION

The “oxidative” hypothesis of atherogenesis postulates that transformation of low density
lipoprotein (LDL) which is normally present in the circulation into its oxidized pro-
atherogenic form (oxidized LDL, OxLDL) is a major driving event in atherogenesis [1].
OxLDL promotes lipid uptake by macrophages and formation of foam cells, the hallmark of
atherosclerotic plaque [2]. LDL oxidation occurs via insertion of molecular oxygen into
polyunsaturated fatty acids and this reaction is mediated by lipoxygenase enzymes [3].
Human 15-lipoxygenase, as well as mouse 12-lipoxygenase are capable of directly oxidizing
esterified fatty acids in LDL particles. 15- and 12-lipoxygenases have high homology, share
similar dual substrate specificity and are commonly referred to as 12/15-lipoxygenase
(12/15-LOX) [3]. Disruption of the 12/15-LOX gene in both Apoe- and LDL receptor-
deficient mice markedly reduced atherosclerotic burden [4] [5] [6] showing that 12/15-LOX
plays a dominant role in atherogenesis. It has been shown that macrophages are the primary
source of 12/15-LOX in mouse tissues and that absence of macrophage-specific 12/15-LOX
decreased the ability of macrophages to form foam cells and protected Apoe™~ mice from
atherosclerosis [7].

We have shown previously that OXLDL is present in human advanced atherosclerotic
plaques and that it co-localizes with areas of reduced expression of insulin-like growth
factor | (IGF-1) and IGF-1 receptor [8] [9]. IGF-1 is an endocrine and autocrine/paracrine
growth factor that has major effects on development, cell growth and differentiation [10].
IGF-1 reduces atherosclerosis burden and improves features of atherosclerotic plaque
stability in Apoe™~ mice [11] [12] [13]. IGF-1-induced atheroprotection was associated with
reduced plaque macrophages and plaque lipid levels [11] suggesting that IGF-1 suppressed
foam cell formation in vivo. However molecular mechanisms mediating this effect were not
identified. We also reported that growth hormone-releasing peptide 2 increased IGF-1 levels
and markedly downregulated aortic 12/15-LOX mRNA and protein expression in Apoe™~
mice [14]. In the current study we tested the hypothesis that IGF-1 downregulates
macrophage 12/15-LOX expression thereby inhibiting transformation of macrophages into
foam cells.

2. MATERIALS AND METHODS

Cells

Human THP-1 mononuclear cells (ATCC) were cultured in RPMI-1640 medium
supplemented with 2% heat-inactivated fetal bovine serum and 0.05 mM 2-mercaptoethanol.
THP-1 cells were differentiated into macrophages by treatment with 100 ng/ml phorbol
myristate acetate (PMA) (Sigma). Mouse peritoneal macrophages were isolated 4 days after
injection of 4% thioglycollate broth. Red blood cells were removed from peritoneal isolates
by treatment with RBC lysis buffer (BioLegend), cells were washed with media, counted
and plated at 1.2x10%/ml in RPMI-1640 with 2% serum overnight to allow adherence. The
majority of cells (>85%) adhered to the plastic were considered to be macrophages based on
morphology analysis after staining with Diff-Quick protocol and immunopositivity for
Mac-3, CD36 and CD16 markers. Peripheral blood mononuclear cells (PBMC) were
isolated from whole blood obtained from healthy donors (The Blood Center, New Orleans,
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LA) using Vacutainer CPT cell preparation tubes (BD Biosciences). PBMC were
differentiated into macrophages by treatment with macrophage colony-stimulating factor (50
ng/ml for 16h; Sigma) in RPMI-1640 medium.

Animal Experiments

All animal experiments were performed according to protocols approved by the Tulane’s
Institutional Committee for Use and Care of Laboratory Animals. Mice were housed
individually and maintained on a 12:12-h light-dark cycle. Apoe™~ mice (C57BL/6, 8 weeks
of age, Jackson Lab) were infused with saline or with human recombinant IGF-1 (1.5
mg/kg/day, Tersica) using osmotic mini-pumps (ALZET, Cupertino, CA). IGF-1
administration protocol was selected based on our previous reports [1, 2]. Mice were fed a
high-cholesterol pro-atherogenic diet (Western-type diet, 42% of calories from fat) from
Harlan-Teklad (TD 88137) for 4 or for 12 weeks. Human and mouse serum IGF-1 levels
were measured at the end of the experiment with ELISA kits (R&D Labs).

Immunohistochemistry

Serial sections (6 um) were taken throughout the entire aortic valve area (AVA) as per
Paigen et al [3]. To quantify 12/15-LOX, sections were stained with rabbit polyclonal 15-
LOX antibody (Santa Cruz Biotechnology, H-235, 1:100 dilution) followed by incubation
with biotinylated secondary antibody and avidin-peroxidase complex (Vectastain Elite ABC
kit, Vector Laboratories Inc). Sections were developed with DAB substrate kit, and
counterstained with hematoxylin. Antibody specificity was verified by staining of serial
sections with “normal” IgG (obtained from an unimmunized animal of the same species as
the primary antibody).

Lipid Oxidation Assay

THP-1-derived macrophages, PBMC-derived macrophages or mouse peritoneal
macrophages were plated at 1.2x106/ml and incubated with/without IGF-1 in F10 media
(Life Technologies) supplemented with 150 ug/ml human LDL (Kalen Biomedicals). To
control for lipid autooxidation, media with LDL was incubated in parallel without cells.
After 48 h incubation 5 mM butylated hydroxytoluene (BHT) was added to conditioned
media to prevent future lipid oxidation and samples were cleaned by centrifugation (10,000
rpm/10 min). Lipid oxidation levels were quantified with Lipid Peroxidation Microplate
Assay Kit from Oxford Biomedical Research according to manufacturer’s instructions. This
assay assesses malondialdehyde (MDA) as an indicator of lipid oxidation. Briefly, samples
were incubated with N-methyl-2-phenylindole to yield a stable chromophore with maximal
absorbance at 586 nm and MDA concentrations were quantified from standard curve
obtained with MDA standard (1,1,3,3-Tetramethoxypropane). Since IGF-1 potentially
changes macrophage-mediated LDL uptake we normalized LDL oxidation levels to LDL
amounts in the conditioned media using a human ApoB ELISA kit from Cell Biolabs.

OxLDL Quantification

Mouse OXLDL levels in serum were quantified using a commercially available ELISA
(Cloud-Clone Corp., Houston, TX) in accordance with manufacturer’s instructions.
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Eight-isoprostane Quantification

Serum levels of 8-isoprostane were quantified using commercially available ELISA kit
(Cayman Chemical) in accordance with manufacturer’s instructions.

Quantitative Real-Time RT-PCR

Total RNA extraction and real-time PCR was performed as previously described [2].
Briefly, total aortic RNA was isolated using the TriPure Isolation Reagent (Roche) followed
by purification with the RNeasy mini kit (Qiagen). CDNA was synthesized using the First
Strand cDNA Synthesis kit (Amersham) and used for the 40-cycle 2-step PCR with
sequence-specific primer pairs in the iCycler 1Q Real-Time Detection System (Bio-Rad).

Foam Cell Formation Assay

To quantify foam cells, LDL-treated macrophages were fixed with 4% paraformaldehyde for
10 min, washed with PBS and stained for 30 min with the neutral lipid-sensitive stain Oil
Red (5 mg/ml in 60% isopropanol). After a short wash with 60% isopropanol and PBS,
macrophages were imaged with an Olympus microscope and Oil Red was extracted by
100% isopropanol (10 min on a shaker) and absorbance was read at 571 nm with a
microplate reader.

Cytokines Assay

Levels of pro-inflammatory cytokines were quantified with Human Inflammatory Cytokines
Multi-Analyte ELISArray kit (Qiagen, Valencia, CA) in accordance with manufacturer’s
instructions.

Statistical Analysis

All numerical data are expressed as mean+=SEM. Two-tailed unpaired Student t tests were
performed to determine statistical significance. Differences were considered significant at
P<0.05.

3. RESULTS

IGF-1 downregulated 12/15-LOX in atherosclerotic plaque and reduced lipid oxidation in

Apoe™~ mice
We have demonstrated previously that chronic IGF-1 infusion in Apoe™~ mice reduced
atherosclerotic burden [11]. Atherosclerotic plaque from IGF-1-infused mice had decreased
macrophage levels and reduced plaque lipids compared to saline-infused mice (control) [11]
indicating that IGF-1 suppressed macrophage-derived foam cells. 12/15-LOX is the major
pro-atherogenic enzyme mediating the formation of oxidized lipids (such as oxidized low
density lipoprotein, OxLDL) [3]. We quantified plaque 12/15-LOX levels in IGF-1- and
saline-infused Apoe™~ mice fed with Western diet for 12 weeks. 12/15-LOX
immunopositivity was strongly detected only in the plaque cap and shoulder area (Fig.1A).
12/15-LOX immunopositivity was mainly co-localized with macrophage marker indicating
that macrophages are the major source of 12/15-LOX in the plaque (Suppl.Figl). IGF-1-
infused mice had a significant 67+£6% reduction in plaque 12/15-LOX expression compared
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to control (Fig.1B). The decrease in 12/15-LOX levels induced by IGF-1 was larger than the
IGF-1-promoted reduction in plaque size and in macrophage content [11], suggesting that
12/15-LOX downregulation was not secondary to these effects.

To determine whether IGF-1 reduces formation of oxidized lipids we infused human
recombinant IGF-1 (or saline, control) for 4 weeks into Apoe™~ mice fed with Western diet.
Our experimental protocol provided a 1.4-fold increase in total (human + mouse) serum
IGF-1 levels (Fig.2A). IGF-1 reduced 12/15-LOX mRNA levels in mouse atherosclerotic
aortas (by 36+£4%, p<0.0005) (Fig.2B). IGF-1 decreased serum OxLDL levels by 18%
without changing total lipoprotein levels (Fig.2C, D). IGF-1 also significantly decreased
serum levels of malondialdehyde (MDA) (Fig.2E), a general marker of lipid oxidation [15].
IGF-1 reduced serum 8-isoprostane levels, a marker of oxidative stress [38], however this
effect did not reach statistical significance (P=0.10) (Suppl.Fig.2). These data demonstrate
that IGF-1 downregulates 12/15-LOX in the atherosclerotic plaque and this effect correlates
with reduced lipid oxidation.

IGF-1 downregulated 12/15-LOX expression in cultured macrophages via a PI3 kinase and
STATG6 transcription factor-mediated mechanism

To further study mechanisms, human THP-1 macrophages were exposed to 0-100 ng/ml
IGF-1 for 6h and 12/15-LOX gene expression was analyzed by RT-PCR. IGF-1 significantly
reduced 12/15-LOX mRNA levels by 48+7% (50 ng/ml) and 55+£6% (100 ng/ml) (Fig.3A).
IGF-1 (50 ng/ml, 16h) significantly reduced 12/15-LOX protein expression by 76+6% (n=9)
in THP-1 macrophages as quantified by immunoblotting with 12/15-LOX antibody (Fig.
3BC). Treatment with IGF-1 also markedly downregulated 12/15-LOX in human PBMC-
derived macrophages (by 83+£16%, P<0.05, Fig.3DE). Since PI3 kinase- and/or ERK-
dependent pathways mediate IGF-1-induced intracellular signaling [10], we tested the
effects of P13 kinase (LY2940032, 50 uM) and ERK (PD98059, 50 uM) inhibitors on
IGF-1-induced 12/15-LOX downregulation. We found that pre-treatment of THP-1
macrophages with PI3 kinase inhibitor (n=4) but not with ERK inhibitor (n=4) partially
prevented the decrease in 12/15-LOX induced by IGF-1 (Fig.3FG).These data demonstrate
that a P13 kinase-mediated pathway is involved in IGF-1’s effect on 12/15-LOX expression.
It has been shown that IL-4 upregulates 12/15-LOX in human monocytes and in murine
macrophages via an increase in expression of signal transducer and activator of transcription
6 (STAT6) [16] [17]. IL-4-induced STAT6 activation involves phosphorylation of Tyr641;
however, unphosphorylated STAT®6 is also able to regulate gene expression via association
with p300 activation factor [18-20]. We hypothesized that IGF-1 downregulates
macrophage 12/15-LOX via a STAT6-dependent mechanism. We found that IGF-1
downregulates STAT6 protein expression in THP-1 macrophages (Fig.4A). Treatment with
IGF-1 for 6-18 hours did not change STAT6 gene expression levels (Suppl.Fig.3)
suggesting that a posttransciptional mechanism was responsible for STAT6 downregulation
by IGF-1. A brief time treatment with IL-4 (30 min) induces STAT6 phosphorylation,
however macrophage treatment with IGF-1 did not induce this effect (Suppl.Fig.3B). To
demonstrate that IGF-1-induced STAT6 downregulation is sufficient to reduce 12/15-LOX
expression, we used STAT6-specific SIRNA. A/ISTAT6 siRNA induced a 65% reduction in
STATSG protein levels and this effect correlated with a significant downregulation of 12/15-
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LOX (Fig.4B). Taken together these data suggest that IGF-1 downregulates 12/15-LOX in
THP-1 macrophages, at least in part via a PI3 kinase-dependent and STAT6-mediated
mechanism.

IGF-1 suppressed macrophage-mediated lipid oxidation and foam cell formation via its
ability to downregulate 12/15-LOX

To determine whether IGF-1-induced downregulation of 12/15-LOX led to suppression of
macrophage-mediated lipid oxidation, IGF-1-treated THP-1 macrophages or control cells
were incubated with LDL (150 ug/ml for 48h) and lipid oxidation levels were assessed by
measuring TBARS in conditioned media with data normalization to LDL amounts in the
media. We found that THP-1 macrophages time-dependently increased LDL oxidation with
a peak at 40-48h and maximal lipid internalization at this time point occurred with 150
ug/ml LDL (data not shown). We found that IGF-1-treated THP-1 macrophages had reduced
ability to oxidize lipids: LDL incubated with IGF-1-treated cells had a 65+4% decrease in
oxidation levels compared to LDL incubated with untreated macrophages (Fig.5A).
Similarly, IGF-1 markedly suppressed LDL oxidation (79+14% decrease, P<0.05) induced
by human PBMC-derived macrophages (Fig.5B).

Since LDL oxidation increases LDL uptake by macrophages (i.e. formation of foam cells)
[21], we measured foam cell formation in IGF-1-treated or control THP-1 macrophages after
incubation with LDL (Fig.5CD). IGF-1 reduced macrophage lipid internalization by 64+4%
(P<0.001). These data demonstrate that IGF-1-induced 12/15-LOX downregulation was
associated with a reduction in macrophage-mediated lipid oxidation and suppressed foam
cell formation.

We have reported previously that IGF-1-induced atheroprotective effect was associated with
reduced inflammatory response [11]. To assess IGF-1's effect on macrophage inflammatory
profile we quantified levels of 12 inflammatory cytokines in conditioned media of IGF-1-
treated (or control) THP-1 macrophages (Table). IGF-1 significantly decreased expression
of IL-1B, IFNy and granulocyte macrophage colony-stimulating factor (GM-CSF). These
results suggest that suppression of macrophage-induced cytokines as well as 12/15-LOX
downregulation contribute to reduced atherosclerotic burden in IGF-1-infused Apoe-null
mice.

We isolated peritoneal macrophages from 12/15-L OX-deficient and control (WT) mice and
used these cells to test IGF-1’s effect on cell-mediated lipid oxidation and foam cell
formation. 12/15-LOX deficiency induced a dramatic reduction in cell-mediated LDL
oxidation and foam cell formation (Fig.6). IGF-1 reduced LDL oxidation and formation of
foam cells by peritoneal macrophages isolated from WT mice but these effects were blocked
in 12/15-LOX-deficient macrophages (Fig.6). These data demonstrate that 12/15-LOX plays
the key role in LDL oxidation and formation of macrophage-derived foam cells and that the
ability of IGF-1 to reduce LDL oxidation, lipid uptake and foam cell formation is dependent
on its ability to downregulate 12/15-LOX.
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4. DISCUSSION

IGF-1 is a growth factor that exerts multiple beneficial effects on vascular cells and in
animal models, including an anti-oxidant effect, prevention of cell apoptosis and an anti-
inflammatory effect [22]. IGF-1 is approved for the treatment of growth hormone deficiency
in children [23], and IGF-1 is in development for the treatment of muscle disorders [24] and
neurodegenerative diseases [25]. Basic research data and clinical reports suggest that IGF-1
also has potential as a novel anti-atherosclerotic drug with the ability to reduce
atherosclerotic plaque size and increase plaque stability. Here we reported that IGF-1
suppressed 12/15-LOX expression in the atherosclerotic plaque and reduced lipid oxidation
in Apoe™~ mice. To identify mechanisms mediating these IGF-1 effects and also to obtain
physiologically relevant data we focused on using human THP-1 macrophages and human
PBMC-derived macrophages. We found that IGF-1 reduces 12/15-LOX in THP-1 cells at
least in part via a P13 kinase- and STATG transcription factor-mediated signaling mechanism
and that IGF-1 suppressed the ability of macrophages to oxidize lipids and to form foam
cells. IGF-1-induced effects on lipid oxidation and foam cell formation were blocked in
12/15-LOX ™/~ murine macrophages suggesting that they are 12/15-LOX-dependent. We
have demonstrated that IGF-1 downregulates 12/15-LOX and suppressed LDL oxidation
also in human PBMC-derived macrophages consistent with our major findings obtained with
THP-1 cells. Macrophages are the primary source of 12/15-LOX in mouse tissues [7]
however smooth muscle and other vascular cells are known to express 12/15-LOX [3].
IGF-1 may regulate 12/15-LOX expression in non-myeloid cells and this effect could also
contribute to IGF-1-induced suppression of atherosclerosis.

Uptake of oxidized lipids by macrophages in the early stages of atherosclerosis may be
considered to be a protective mechanism providing the removal of cytotoxic lipoproteins,
however, the progressive uptake of OXLDL leads to the formation of foam cells and thus, to
the growth of atherosclerotic lesions. Internalized lipoproteins were delivered to lysosomes
where the cholesteryl ester is hydrolyzed to free cholesterol and free cholesterol can be
released from the cell. The difference in the amount of cholesterol accumulated within the
cellular compartments and the cholesterol amount released is believed to induce foam cell
formation [26]. There is a growing body of evidence that suggests that lipoxygenases
including 12/15-LOX play an essential role in LDL oxidation and in formation of
macrophage-derived foam cells [27]. Our current finding that peritoneal macrophages
isolated from 12/15-LOX-null mice have reduced ability to oxidize lipids and to form foam
cells is consistent with a key role of 12/15-LOX in mediating these effects. 12/15-LOX-
dependent LDL oxidation involves lipoxygenase translocation to the plasma membrane,
which activates the oxygenase activity of enzyme [28] [29]. Interestingly, we noticed that
brief sonication of macrophage lysates dramatically increased immunodetection of 12/15-
LOX with Westerns (data not shown) suggesting membrane-associated 12/15-LOX
localization in THP-1 cells.

We have demonstrated previously that IGF-1 infusion into Apoe™~ mice did not change
total cholesterol levels and also IGF-1 did not affect individual lipoprotein fractions (VLDL,
IDL/LDL, and HDL) [11]. In the current study we measured serum levels of ApoB (the
principal LDL lipoprotein) and we found that IGF-1 has no effect on total lipoprotein levels.
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However, it was evident that IGF-1 reduced OXLDL levels suggesting that formation of this
pro-atherogenic oxidized lipoprotein (which mainly depends on 12/15-LOX activity) was
specifically suppressed by IGF-1.

We have shown previously that OxLDL was co-localized with apoptotic cells in human
advanced atherosclerotic plaque [9] and that OXLDL induces cell apoptosis and oxidative
stress invitro [30] [31]. We also reported that IGF-1 reduced apoptosis and suppressed
oxidative stress in atherosclerotic plaque [12] [11]. Our current findings showing that IGF-1
reduces OXLDL, 8-isoprostane and MDA levels in Apoe™~ mice, in view of the fact that
suppression of 12/15-LOX in vivo reduces cell apoptosis [32] and oxidative stress [33] [34],
suggest that 12/15-LOX downregulation directly (or via reduction in oxidized lipids levels)
mediates IGF-1-dependent anti-oxidant and anti-apoptotic effects.

Therapies directed towards suppression of 12/15-LOX activity are a novel developing
approach to control cardiovascular disease (CVD) [35], treat asthma and rheumatoid arthritis
[36] and combat stroke and other neurodegenerative diseases [37]. Progress in development
of anti-atherosclerotic drugs targeting 12/15-LOX is partially limited by the lack of basic
research data describing cell-specific molecular mechanisms of 12/15-LOX regulation. Our
finding that IGF-1 downregulates STAT6 expression and that sSiRNA-mediated
downregulation of STAT-6 is sufficient to decrease 12/15-LOX expression suggest strongly
that IGF-1-induced decrease in STAT6 mediates its ability to decrease 12/15-LOX. IGF-1
did not alter Tyr641 phosphorylation of STAT6. Several molecules known to activate/
suppress STAT6 (such as SOCS molecules, p100 STAT6 co-activator or p300 activation
factor) could potentially mediate IGF-1’s effect on STAT6 and on 12/15-LOX expression.
Identification of such mechanisms regulating 12/15-LOX expression in macrophages could
offer novel targets for therapeutic interventions in CVD and other types of inflammatory
diseases.

In summary, we have shown that IGF-1 decreased 12/15-LOX plaque immunopositivity and
serum OXLDL levels in Apoe™~ mice. IGF-1 reduced 12/15-LOX protein and mRNA levels
in cultured THP-1 macrophages and IGF-1 also decreased expression of STAT6
transcription factor. We have shown that IGF-1 reduces macrophage 12/15-LOX in part via
a P13 kinase- and STAT6-dependent transcriptional mechanism. IGF-1 suppressed THP-1
macrophage ability to oxidize lipids and form foam cells. IGF-1 similarly reduced LDL
oxidation and formation of foam cells by wild type murine peritoneal macrophages, however
these effects were blocked in 12/15-LOX-null macrophages suggesting that the ability of
IGF-1 to reduce LDL oxidation and foam cells depends on its ability to downregulate 12/15-
LOX. Overall our data demonstrate that IGF-1 reduces lipid oxidation and foam cell
formation via downregulation of 12/15-LOX and this mechanism may play a major role in
the anti-atherosclerotic effects of IGF-1.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. IGF-1 downregulated 12/15-LOX in atherosclerotic plaque
Apoe-/- mice were infused with human IGF-1 or with saline (control) and fed with Western

type diet for 12 weeks. Serial cross-sections were obtained through aortic valves, stained
with rabbit 12/15-LOX antibody (or with “normal” rabbit IgG, negative control), developed
with a/rabbit-biotin/streptavidin-horseradish peroxidase system and counterstained with
hematoxylin. A, Representative images. B, Quantative data.
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Figure 2. IGF-1 downregulated 12/15-LOX and reduced lipid oxidation in Apoe'/' mice
Mice were fed with Western type diet and infused with human IGF-1 or with saline

(control). A, Total (mouse+human) serum IGF-1 levels. B, 12/15-LOX mRNA levels in
atherosclerotic aortas. C, Serum OXLDL levels. D, Serum ApoB levels. E, Serum levels of
malondialdehyde (MDA), an index of lipid oxidation.
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Figure 3. IGF-1 decreased 12/15-LOX expression in THP-1 macrophages and in human PBMC-
derived macrophages. IGF-1 decreased 12/15-LOX in THP-1 cells via P13 kinase-dependent
mechanism

THP-1 macrophages were treated with IGF-1 and 12/15-LOX mRNA levels were measured

with real time-RT-PCR (A) and protein expression with immunaoblotting (B, C). IGF-1
downregulates 12/15-LOX in human PBMC-derived macrophages (D, E). THP-1 pre-
treatment with PI3 kinase inhibitor (L'YY2940032) partially prevented 12/15-LOX
downregulation, however pre-treatment with ERK inhibitor (PD98059) had no effect (F,G).
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Figure 4. STAT6 transcription factor is involved in IGF-1-induced 12/15-LOX downregulation
A, THP-1 macrophages were treated with IGF-1 and STAT6 protein expression was

measured with immunoblotting. B, THP-1 macrophages were transfected with STAT6-
targeted siRNA (or with scrambled siRNA, scr siRNA, negative control) and STAT6 and
12/15-LOX protein expression were measured with immunoblotting.
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Figure 5. IGF-1 decreased lipid oxidation in THP-1 macrophages and in PBMC-derived
macrophages. IGF-1 suppressed lipid uptake in THP-1 macrophages

THP-1 macrophages (A) or PBMC-derived macrophages (B) were treated with IGF-1
followed by incubation with LDL and lipid oxidation was assessed by TBARS assay. C,
LDL-treated THP-1 macrophages were stained with Oil Red, imaged with a microscope and
lipid uptake was quantified after extraction of Oil Red and measurement of absorbance at

571 nm. D, representative images.
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Figure 6. IGF-1 suppressed lipid oxidation and foam cell formation via its ability to
downregulate 12/15-L OX

Peritoneal macrophages were isolated from 12/15 LOX-null mice or from wild-type mice
(WT) and treated with IGF-1 followed by incubation with LDL. A, Lipid oxidation (TBARS
assay), B, Lipid uptake (Oil Red assay), C, representative images.
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IGF-1 effect on pro-inflammatory cytokine expression by THP-1 macrophages (ng per ml of conditioned

media)
Cytokines | Control IGF-1
IL1a 0.42+0.01 0.44+0.01
IL1B 1.01+0.02 0.83+0.01"
L2 0.67+0.07 0.81+0.08
L4 0.41+0.01 0.40+0.01
IL6 0.415+0.01 0.418+0.004
L8 26.47+2.21 21.36%1.21
1L10 0.42+0.01 0.41+0.01
IL12 0.39+0.01 0.395+0.006
IL17A 0.497+0.021 | 0.461+0.014
IFN-y 0.502+0.013 | 0 445+0.013"
TNF-a 0.69+0.02 0.52+0.02
GM-CSF | 0.80£0.05 | g7240.02*

*
P<0.05 vs. Control
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