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Abstract

Insulin resistance is associated with obesity but mechanisms controlling this relationship in
humans are not fully understood. Studies in animal models suggest a linkage between adipose
reactive oxygen species (ROS) and insulin resistance. ROS oxidize cellular lipids to produce a
variety of lipid hydroperoxides that in turn generate reactive lipid aldehydes that covalently
modify cellular proteins in a process termed carbonylation. Mammalian cells defend against
reactive lipid aldehydes and protein carbonylation by glutathionylation using glutathione-S-
transferase A4 (GSTAA4) or carbonyl reduction/oxidation via reductases and/or dehydrogenases.
Insulin resistance in mice is linked to ROS production and increased level of protein
carbonylation, mitochondrial dysfunction, decreased insulin-stimulated glucose transport, and
altered adipokine secretion. To assess protein carbonylation and insulin resistance in humans,
eight healthy participants underwent subcutaneous fat biopsy from the periumbilical region for
protein analysis and frequently sampled intravenous glucose tolerance testing to measure insulin
sensitivity. Soluble proteins from adipose tissue were analyzed using two-dimensional gel
electrophoresis and the major carbonylated proteins identified as the adipocyte and epithelial fatty
acid-binding proteins. The level of protein carbonylation was directly correlated with adiposity
and serum free fatty acids (FFAs). These results suggest that in human obesity oxidative stress is
linked to protein carbonylation and such events may contribute to the development of insulin
resistance.

INTRODUCTION

The inverse correlation between insulin sensitivity and adiposity is well known (1) and

overweight is the single most important predictor of type 2 diabetes mellitus (2). Although
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the mechanisms controlling this relationship is not fully understood, substantial evidence
exists from animal model systems (3) and human studies to suggest that obesity-related
oxidative stress and adipose tissue inflammation may be contributing factors (4,5). Adipose
tissue plays an important role in the insulin responsiveness of the whole organism directly
through lipolysis and the production of free fatty acid (FFA), increased levels of which are
known to potentiate hepatic glucose output, inhibit muscle glucose uptake (6) and indirectly
through secretion of adipokines influence insulin sensitivity in liver and muscle (7).

During the development of obesity, expansion of adipose mass has been related to a variety
of factors including localized tissue hypoxia, infiltration of inflammatory cells, and
alteration in cytokine profile (8-10). Consistent with this, hypoxia in 3T3-L1 adipocytes is
associated with inhibition of insulin receptor signaling, increased lipolysis and the induction
of reactive oxygen species (ROS) (11). In other experiments, increased levels of ROS in
adipocytes have been causally linked to development of insulin resistance in model systems

3).

ROS such as superoxide anion, hydrogen peroxide, and hydroxy! radicals react with a
variety of cellular biomolecules leading to modification of intracellular proteins, DNA,
RNA, carbohydrates, and lipids. Of the various ROS, hydroxyl radicals are perhaps the most
deleterious and lead to the peroxidation of polyunsaturated fatty acyl chains of membrane
phospholipids and triglycerides. These peroxidated acyl chains undergo non-enzymatic
Hock cleavage forming a family of short and medium chain reactive aldehydes, the most
abundant of which are trans-4-hydroxy-2-nonenal and trans-4-oxo-2-nonenal (12). These
reactive aldehydes covalently modify the side chains of histidine, cysteine and lysine
residues in a process generically referred to as protein carbonylation. Since the side chains
of histidine, lysine and cysteine are frequently components of enzyme active sites or
participate in protein—protein interactions, carbonylation commonly leads to loss of function.
Moreover, modification frequently targets the proteins for selective degradation by the 26S
proteasome (13) leading not only to loss of activity, but also to selective loss of protein.
Recent studies in adipose tissue from obese insulin-resistant C57BI1/6J mice have revealed
two- to threefold increased levels of total protein carbonylation when compared to lean
controls. Among the panel of modified proteins are key factors involved in carbohydrate and
lipid metabolism, insulin signaling and a variety of enzymes involved in the antioxidant
response (14).

Of the mechanisms used to inactivate reactive lipid species, glutathionylation via
glutathione-S-transferase A4 is well studied (15). The expression of glutathione-S-
transferase A4 (GSTA4) in murine systems is downregulated in part by tumor necrosis
factor-a leading to decreased expression in the adipose tissue of high fat fed or genetically
obese mice (14,16) while expression levels of other inactivating enzymes such as
acetaldehyde dehydrogenase 2 (ALDH?2) and fatty aldehyde dehydrogenase (FALDH) are
unchanged (17). Microarray analysis of human subcutaneous adipose tissue (SAT) indicates
that GSTA4 expression was reduced in obese insulin resistant, but not obese insulin sensitive
individuals (17) relative to lean controls. Silencing of GSTA4 in 3T3-L1 adipocytes results
in increased total protein carbonylation and multiple metabolic changes including increased
basal lipolysis, altered glucose transport, and decreased B-oxidation of fatty acids (13). Both
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GSTA4-silenced 3T3-L1 adipocytes and adipose tissue from GSTA4 knockout mice showed
significant impairment in mitochondrial oxidative respiration and increased mitochondrial
ROS (17). Other studies in 3T3-L1 adipocytes have shown that insulin receptor substrate-1
and 2 are carbonylated by reactive lipid species leading to reduced insulin-stimulated
tyrosine phosphorylation and also targeted degradation (18).

The present study was designed to assess human adipose tissue measures of oxidative stress
including protein carbonylation and expression of antioxidant genes and their relationship to
body size, body composition and insulin sensitivity. We report herein for the first time
protein carbonylation in human adipose tissue is positively correlated with adiposity and
serum FFAs.

METHODS AND PROCEDURES

Subjects

This study was approved by the institutional review board of University of Minnesota
(Minneapolis, MN) and informed consent was obtained from participants. A total of eight
subjects (six men, two women; seven white, one African American) were recruited by letter
and telephone call from among a cohort of 357 individuals who had previously participated
in a longitudinal study of insulin resistance and cardiovascular risk factors from childhood
(age 11-14) into young adulthood, last studied at average age 22 (19,20). From the subjects
who responded positively (13 males and 10 females), participants were selected according to
availability during the study period. Exclusion criteria included pregnancy and chronic
disease. A bariatric surgery patient, not part of the longitudinal study, was recruited only for
assessment of visceral adipose tissue (VAT) obtained at the time of bariatric surgery from
the omental fat. No subjects were on medications affecting insulin sensitivity.

Clinical measures

Anthropometric measures were obtained by trained research personnel. Body composition
was determined by dual energy X-ray absorptiometry with a GE Lunar Prodigy scanner (GE
Healthcare Biosciences, Pittsburgh, PA). Abdominal computed tomography at the L4/L5
level was used to measure visceral fat distribution as previously described (21). Venous
blood samples were taken after overnight fast for analyses of glucose, insulin and lipids.

Frequently sampled intravenous glucose tolerance test

Following a 10-12 h overnight fast, participants were admitted to the Clinical Research
Center. An intravenous catheter was placed in each arm for (i) infusion of a glucose bolus
(0.3 g/kg body weight) at time 0 followed by an infusion of insulin (4 mU/kg/min) over 5
min starting at 20 min and (ii) blood samples for plasma glucose and insulin measurements
at-10, -1, 2, 4, 8, 19, 22, 30, 40, 50, 70, 90, and 180 min as previously described (22). The
data were analyzed according to the minimal model, using the computer program MINMOD
to generate insulin sensitivity index (SlI), glucose disposition index (DI) and the acute insulin
response to glucose (23,24).
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Adipose tissue sampling

Under standard sterile technique and local anesthesia (1% lidocaine with epinephrine), a
curvilinear ellipse of skin along with the underlying adipose tissue was excised from the
inferior periumbilical abdominal area and a total of 2-5 g of fat was obtained from each
subject. The specimens were dissected to remove stromal tissue, immediately frozen with
liquid nitrogen in aliquots of 0.1-0.2 g, and stored at =70 °C until further study.

Analysis of protein carbonylation

To evaluate protein carbonylation, adipose tissue was minced and homogenized on ice in
coupling buffer (100 mmol/l sodium acetate at pH 5.5, 20 mmol/lI NaCl and 0.1 mmol/I
EDTA supplemented with 0.1 mmol/I phenylmethanesulfonyl fluoride, 2 mg/ml pepstatin, 2
mg/ml aprotinin, 2 mg/ml leupeptin). Homogenates were centrifuged at 600g at 4 °C for 5
min to separate the lipid cake, the infranatant was removed and sodium dodecyl sulfate
(SDS; Sigma-Aldrich, St Louis, MO) was added to a final concentration of 1%. The lysate
was centrifuged at 100,000g for 1 h at 4 °C to remove insoluble residue and the supernatant
recovered and assayed for protein content (BCA assay; Sigma-Aldrich). A total of 25 pg of
soluble protein was coupled with EZ-link biotin hydrazide (Pierce Biotechnology, Rockford,
IL) to covalently label free aldehydes as previously (14) described. Proteins were separated
by SDS-polyacrylamide gel electrophoresis (10-20% acrylamide gradient gel), transferred
to polyvinylidene fluoride (Millipore, Billerica, MA) membranes and blocked in Odyssey
Blocking Buffer (Li-Cor, Lincoln, NE). Biotinylated proteins were detected with DyL.ight
800 Conjugated Streptavidin (Pierce). As a loading control, the biotin hydrazide blot was
probed with mouse anti p-actin antibody and IRDye 680 conjugated goat (polyclonal) anti-
mouse secondary antibody. Biotinylated proteins and p-actin loading control bands were
visualized using a LiCor Odyssey Infrared Imager. Both total protein carbonylation as well
as intensity of the p-actin band were determined by quantification of LiCor signal intensity.
Protein carbonylation is reported normalized to p-actin band.

Two-dimensional gel electrophoresis

Total soluble protein was isolated from the visceral fat sample and coupled with biotin
hydrazide. One hundred micrograms of sample was allowed to rehydrate into a 13 cm
Immobline DryStrip, pH 3-10 (GE Healthcare) overnight. After overnight rehydration, the
Immobline DryStrip sample was resolved with an Ettan IPGphor IEF apparatus (Amersham
(GE Healthcare), Waukesha, WI) until a total 19.255 kVh was reached. The IEF strip was
equilibrated for 0.5 h in SDS equilibration buffer (50 mmol/I Tris, pH 8.8, 8 mol/l urea, 30%
glycerol, 4% SDS, 1% dithiothreitol (Sigma-Aldrich) followed by separation on 10-20%
Tris-HCI SDS-PAGE Criterion gel (BioRad). After SDS-polyacrylamide gel
electrophoresis, the gel was stained with Deep Purple total protein stain (GE Healthcare)
according to the manufacturer’s instructions. The gel image was visualized with the
Typhoon 8610 scanner (GE Healthcare). Separated protein from parallel gels were
transferred to polyvinylidene fluoride membranes and probed for carbonylated proteins with
IRB00-streptavidin as described. Additionally, membranes were incubated with either rabbit
anti-mouse A-FABP polyclonal antibody or rabbit anti-mouse E-FABP polyclonal antibody
at 1:10,000 dilution at 4 °C overnight. Membranes were washed with phosphate-buffered

Obesity (Slver Soring). Author manuscript; available in PMC 2015 November 15.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Frohnert et al. Page 5

saline containing 0.05% Tween (phosphate-buffered saline tween) and incubated for 1 h
with IR-680 goat anti-rabbit secondary antibody at 1:10,000 and scanned using an Odyssey
Infrared Imager in both the 700 nm and 800 nm channels.

RNA extraction, reverse transcription and real-time PCR

Total RNA was extracted from about 0.2 g of adipose tissue using Trizol (Invitrogen,
Carlsbad, CA) according to the manufacturer’s instructions. After DNase treatment, cDNA
was synthesized using iScript cDNA synthesis kit (BioRad, Hercules, CA). Relative
quantification of mMRNAs was performed by real-time PCR using iQ SYBR green Supermix
and the MyiQ detection system (BioRad). Primers for the target genes were hGSTA4:
forward 5-GGA GTC CGT GAG ATG GGT TTT AG-3’ and reverse 5-TGC TAT GTA
GTG GAG AAT GCT TCG-3’; hALDH2: forward 5’-CACTTCGCCCTGTTCTTCAACC-3’
and reverse 5-CC TGCTCGGTCTTGCTATCAAAG-3’; hFALDH: forward 5-TACGG
GAAACACTGCGGTTG-3 and reverse 5-GCAAACAATGTCCA GGTCACAATC-3;
and the reference gene TATA binding protein: forward 5-AGC GGT TTG CTG CGG TAA
TC-3 and reverse 5’-ACT GTT CTT CAC TCT TGG CTC CTG-3'. All primers were
validated in human subcutaneous and VAT, using TATA binding protein as the reference
gene.

Data analysis

All comparisons were done using Pearson’s correlations. Statistical analyses were conducted
using the statistical package SAS, version 9.2 for Windows (SAS Institute, Cary, NC).

RESULTS

Subject characteristics

There was a narrow age range (25-27 years), but a broad range in BMI, with two subjects of
normal weight (BMI <25), three were overweight (BMI 25-30), and three with BMI
measurements greater than 40 kg/m? (Table 1). None had diabetes and none had impaired
fasting glucose (=100 mg/dl) as defined by the American Diabetes Association (25). The
subjects exhibited a wide range of fasting insulin, acute insulin response to glucose, Sg
(glucose mediated glucose uptake), Sl and DI. Characteristics for men and women in the
study were similar, with the exception of the ratio of VAT to SAT, which was significantly
higher in males relative to females (0.39 £ 0.07 vs. 0.24 + 0.03, P = 0.031), and serum high-
density lipoprotein which was significantly higher in females relative to males (58 £ 3 vs. 37
+8, P=0.012).

There were strong trends for an inverse correlation between Sl and BMI (r = -0.54), VAT (r
=-0.71) and SAT (r = -0.59) (Figure 1), but only the correlation with visceral adiposity
was significant (P = 0.028) most likely due to the small sample size. DI was inversely
related to BMI (r = -0.53, P =0.17) and FFA levels (r = -0.83, P = 0.011).

Carbonylation profile of adipose tissue protein

Figure 2a shows the profile of total soluble proteins in adipose tissue separated by both mass
(vertically) and isoelectric point (horizontally). Figure 2b,d shows the subset of carbonylated
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adipose proteins with a prominent species noted at about 67 kDa, likely representing
albumin, as well as multiple species at about 15 kDa. Two members of the fatty acid—
binding protein multigene family are expressed in adipose tissue: adipocyte fatty acid—
binding protein (A-FABP) found primarily in adipocytes, and epidermal fatty acid-binding
protein (E-FABP) expressed abundantly in macrophages. Both A-FABP and E-FABP are
carbonylated in murine adipose tissue suggesting that the 15 kDa human carbonylated
proteins may be FABPs. In order to verify the identity of the carbonylated 15 kDa proteins,
the membranes were immunoblotted with anti-A-FABP or anti-E-FABP antibodies (Figure
2c,e). The FABP immunoreactive protein exactly matched the 15 kDa carbonylated protein
indicating that both A-FABP and E-FABP are carbonylated in human adipose tissue and that
multiple charged species for each protein are modified.

Carbonylation of adipose proteins from study subjects

Figure 3a shows a representative blot from one lean and one obese individual where the fatty
acid-binding protein band is denoted by an arrow. For each individual, total carbonylation
was quantified by analysis of the signal intensity for the entire lane. There was a highly
significant positive correlation between total protein carbonylation and BMI (r = 0.86, P =
0.0067) (Figure 3b), VAT (r =0.71, P = 0.048) and SAT (r = 0.84, P = 0.0098). When
carbonylation was measured excluding the 67 kDa albumin band, these relationships were
essentially unchanged, with significant positive correlations between carbonylation and BMI
(r =0.85, P=10.0080), VAT (r =0.74, P =0.036) and SAT (r = 0.83, P =0.010).

Relationship of carbonylation to metabolic parameters

Total carbonylation was significantly related to FFA (r = 0.77, P = 0.025) (Figure 4) and
remained significant after adjusting for visceral adiposity (r = 0.80, P = 0.033) and
VAT/SAT ratio (r =0.76, P = 0.048); however the correlation was slightly attenuated and
non-significant after adjusting for BMI (r = 0.66, P = 0.11). Fasting insulin also was
significantly related to carbonylation (r = 0.74, P = 0.034). It was significant after adjusting
for VAT/SAT ratio (r = 0.85, P = 0.014) but was no longer significant after adjusting for
visceral adiposity (r =0.32, P =0.49) or BMI (r =-0.01, P = 0.98). As seen in Figure 5, the
relationship of total carbonylation to DI and Sl showed a negative trend but was not
statistically significant (r = —0.58, P = 0.13 and. r = —=0.34, P = 0.42, respectively). The
relationship of DI to total carbonylation became more significant when adjusted for the ratio
of visceral to SAT volume (r = -0.67, P = 0.099).

Expression of antioxidant genes involved in reactive aldehyde metabolism

The expression of GSTA4, ALDH2 and FALDH, three enzymes linked to oxidative stress
and reactive aldehyde metabolism were strongly related to each other and were related to
measures of adiposity (Table 2). FALDH significantly correlated with BMI (r = 0.67) and %
body fat (r = 0.59). ALDH2 was significantly correlated with % body fat (r = 0.73). GSTA4
was not significantly correlated with any of the three measures of body fatness. The
expression of GSTA4, ALDH2 or FALDH was not significantly related to carbonylation
(Table 3).
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DISCUSSION

Obesity is associated with an increase in inflammation and oxidative stress in adipose tissue
(26). Oxidative stress-induced lipid peroxidation results in production of reactive aldehydes
that diffuse within cells and across membranes to covalently modify the side chains of
histidine, lysine and cysteine residues, a process known as protein carbonylation. Studies in
mice have shown that the level of carbonylation is significantly associated with obesity and
insulin resistance. The present study shows for the first time the relationship of
carbonylation to obesity in humans and demonstrates that multiple protein targets are
modified by reactive aldehydes in human adipose tissue and carbonylation occurs to a
greater degree in the adipose tissue of obese relative to lean individuals. Moreover, protein
carbonylation is strongly related to serum FFA levels, even after adjusting for adiposity.
Although not statistically significant, the study also showed r values of —0.34 and -0.58
between carbonylation and DI and Sl, respectively, suggesting the need for studies
conducted in a larger number of subjects. It should be noted that carbonylation does not
necessarily imply a pathogenic process. Increased carbonylation in adipocytes might
represent a homeostatic response to increased adipocyte fat and oxidative stress limiting
nutrient influx to large cells and diverting carbohydrates and lipids to smaller adipocytes.

As shown in Figure 2, a wide variety of adipose proteins are carbonylated suggesting that
modification may result in alteration of multiple metabolic processes. Moreover, since the
extent of carbonylation on any one specific target protein is not likely to be stoichiometric,
changes in metabolism or signaling are likely to be the result of multiple small changes
common to a pathway or process. For example, in aged rat muscle mitochondria (27)
carbonylation was detected in multiple enzymes of the electron transport system and even
within a particular complex. Multiple carbonylation events on targets within a single
pathway, even if each is sub-stoichiometric, may be sufficient to alter overall metabolic flux
and/or function. This may be particularly true of targets that are rate-limiting enzymes or
regulatory (e.g., protein kinases or phosphatases) in nature.

In humans, defects of mitochondrial metabolism in subcutaneous and VAT have been
associated with insulin resistance (28,29). It is known that production of ROS by
mitochondria inhibits the proliferation of preadipocytes without inducing apoptosis
(reviewed in ref. 30). This could lead to adipocyte hypertrophy resulting in larger,
dysfunctional fat cells. Carbonylation may also lead to decreased mitochondrial biogenesis
as evidenced by changes in key factors in adipocytes at both the mRNA and protein levels
(17) or there may be direct carbonylation of mitochondrial proteins, causing dysfunction or
targeting for degradation.

Increased adipose protein carbonylation has been associated with impaired insulin signaling
(18) and increased lipolysis in cell culture models (17). Consistent with this, in this study
there was a positive association of carbonylation with serum FFA levels that persisted after
adjustment for adiposity. Elevated serum FFAs are associated with both peripheral insulin
resistance as well as impaired j-cell function in humans (26,31). A-FABP and E-FABP,
proteins that mediate lipolysis in adipocytes (14,32), were identified by this study as
carbonylation targets in human adipose tissue. Modification of both fatty acid—binding
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proteins has been shown in mice to occur at a conserved cysteine residue that lies within the
lipidbinding cavity (32,33). This cysteine residue is also conserved in human A-FABP (34)
and occupation of the lipid-binding site by trans-4-hydroxy-2-nonenal may affect lipolytic
rate (14). Beyond lipolysis, there are other potential reasons why carbonylation of FABPs
may affect cellular function. As some of the most abundant proteins in adipose tissue,
FABPs may play an important role as a scavenger for the reactive aldehyde products of
oxidative stress, sequestering them and removing the reactive lipids from the cell. In
addition, A-FABP is known to interact with other metabolically important adipocyte
proteins, such as hormone sensitive lipase and peroxisome proliferator-activated receptor-y
(31,32). It should be noted that these studies are of whole adipose tissue that consists of
inflammatory macrophages, T-cells, stromal-vascular cells and preadipocytes in addition to
mature adipocytes. A-FABP is primarily adipocyte in origin while E-FABP is expressed
more highly in macrophages. Further study will be needed to determine whether
carbonylation is playing an important role in the various cell types found in adipose tissue.

Increased intracellular oxidative stress, possibly related to localized tissue hypoxia, occurs in
the adipose tissue of obese individuals (26). The increased levels of ROS likely reflect
production of ROS by NADPH oxidase and/or the mitochondria as well as decreased
detoxification of ROS by the antioxidant enzyme system. In the present study, the
expression of three antioxidant genes, GSTA4, ALDH2 and FALDH, was investigated with
the expectation that decreased expression of some or all of these genes would be associated
with increased carbonylation as was previously reported in mouse and cell culture studies
(13,14). Although there was no significant change in GSTA4 expression with increasing
adiposity, the expression of both ALDH2 and FALDH increased with fat mass, possibly
representing a counter-regulatory response to increased lipid aldehyde production. However,
none of the three was strongly associated with total carbonylation level despite being
previously shown to be inversely related to insulin resistance and carbonylation in animal
model systems (18,35,36). It should be noted however that none of the patients in the study
had diabetes or impaired fasting glucose. While all three enzymes have antioxidant
functions, their regulation may be quite different, making simple associations in humans
difficult. For example, FALDH, but not GSTA4 or ALDHZ2, is upregulated by insulin (36).

In summary, the results show for the first time in humans that protein carbonylation in
adipose tissue is directly related to BMI and is directly related to serum free fatty levels.
These findings are in concert with prior studies in animal models that suggest protein
carbonylation is associated with adipose mitochondrial dysfunction and insulin resistance.
Further studies will be needed to determine whether there is a significant relationship
between carbonylation and disposition index and insulin sensitivity. Additionally, the
identification of carbonylation targets and their regulation by oxidative stress may further
elucidate the role of this process in obesity-related adipose dysfunction.
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Sensitivity index correlates negatively with BMI, visceral, and subcutaneous fat volume.
Visceral adipose tissue (VAT) and subcutaneous adipose tissue (SAT) volumes determined
by single-slice CT at midabdomen (level of L2-L4). Pearson’s correlation (r) and P value

are indicated for each graph.
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Two-dimension gel electrophoresis of total soluble protein from human visceral fat. All

blots and gel have molecular weight in kilodaltons (kDa) noted along left hand side and pH
of range of isoelectric focusing is noted along the top. (a) Total soluble protein stained with
Deep Purple. (b) Total carbonylated protein and corresponding immunoblot (c) using anti—
A-FABP antibody. (d) Total carbonylated protein and corresponding immunoblot (€) using
anti-E-FABP antibody. A-FABP, adipocyte fatty acid—binding protein; E-FABP, epidermal

fatty acid—binding protein.
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Figure 3.
Carbonylation correlates positively with adiposity. (a) Carbonylation of total soluble

proteins (upper panel) from a representative lean individual (L) and obese individual (O).
Negative control is shown on the right (=). Molecular masses (kDa) of proteins are indicated
on the left. The same membrane was blotted for B-actin (lower panel) as a loading control.
Image shown is from the same gel taken at the same exposure but composed from lanes not
adjacent to each other. (b) Total carbonylated protein was quantified for each individual,
normalized to B-actin and plotted relative to BMI (kg/m?). FABP, fatty acid—binding protein.
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Figure4.
Relationship of protein carbonylation to serum free fatty acid (FFA) levels. Total protein

carbonylation was quantified for each individual, normalized to p-actin, and plotted relative
to serum FFA (mmol/l).
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Figureb5.
Relationship of protein carbonylation to insulin sensitivity. Total protein carbonylation was

guantified for each individual, normalized to -actin, and plotted relative to (a) insulin
sensitivity index (SI) and (b) disposition index (DI). Pearson’s correlation r and P value are
indicated for each graph.
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Pearson’s coefficients of correlation between gene expression and BMI, visceral adipose tissue (VAT) volume
and total body fat

Gene BMI VAT volume(cm3) % Body fat
GSTA4 0.25 -0.07 0.59
ALDH2 0.57 0.36 073"
FALDH g7* 045 0.83"

ALDH2, acetaldehyde dehydrogenase 2; FALDH, fatty aldehyde dehydrogenase; GSTA4, glutathione S-transferase A4.

*

*

P <0.10,

*
P <0.05.
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Table 3

Pearson’s coefficients of correlation between carbonylation and expression of antioxidant genes

GSTA4 ALDH2 FALDH

Total carbonylation 0.07 0.32 0.40
GSTA4 — 080" 085"
ALDH2 — 0.96**

ALDH2, acetaldehyde dehydrogenase 2; FALDH, fatty aldehyde dehydrogenase; GSTA4, glutathione S-transferase A4.

*
P <0.05,

*

*
P <0.01,

*%

P <0.001.
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