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Adiponectin is an insulin-sensitizing fat cell (FC) hormone whose levels are related to adipose tissue (AT) mass and depot
distribution. We hypothesized that the nature of AT expansion (hypertrophy vs. hyperplasia) contributes to obesity-related
reductions in serum adiponectin and that this effect is influenced by the regional distribution of AT to subcutaneous (S)
and visceral (V) depots. Thirteen obese subjects provided paired AT biopsies. Serum total and high molecular weight
(HMW) adiponectin levels were determined by ELISA. Secretion was quantified following 24 h explant culture. FC size,
number, % large, and % small FC were determined by microscopic analysis. Secretion of total adiponectin was highest by
SAT (P = 0.008) and correlated more strongly with serum adiponectin (total: P = 0.015, r = 0.77; HMW: P = 0.005, r = 0.83)
than did secretion by VAT (P = 0.05, r = 0.66 for both). FC size was greatest in SAT and correlated negatively with both
serum (total: P=0.01, r = —0.74; HMW: P = 0.03, r = —0.69) and secreted (total: P = 0.05, r = —0.72; HMW: P = 0.02, r = —0.87)
adiponectin. The % small FC in SAT correlated positively with both serum (total: P = 0.006, r = 0.87; HMW: P = 0.009,
r =0.79) and secreted (total: P = 0.03, r = 0.75; HMW: P = 0.01, r = 0.92) adiponectin. VAT FC size correlated negatively
with serum HMW adiponectin (P = 0.01, r = —0.76) but not with any measure of secretion. VAT had the greatest % small
FC, which related positively to serum HMW (P = 0.004, r = 0.81) and to secreted total adiponectin (P = 0.02, r = 0.78).
These studies indicate that differences in fat cell size and depot distribution of AT expansion are important influences on

adiponectin in obesity.

Introduction

Obesity is a significant public health concern. Greater than 30%
of the United States population is obese and at risk to develop
insulin resistance and associated metabolic disease, including
hypertension, hyperlipidemia, fatty liver disease, atherosclerosis,
and T2DM.!

AT is distributed to a variety of locations, and in humans the
contributions of SAT and VAT can be distinguished.? Individuals
with increased VAT are at greater risk of developing insulin resis-
tance and cardiometabolic disease®? than are those with similar
amounts of AT as SAT.* These findings lend support to the idea
that different AT depots are functionally distinct metabolic units.

The variation in FC size that occurs in obesity may have an
important impact on AT function.”® During states of nutrient
excess AT may expand by a variable balance between increases in
FC size (hypertrophy) and increases in FC number (hyperplasia).
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Increases in FC size are associated with FC dysfunction,”®
increases in pro-inflammatory cytokine secretion,” and an
increased risk of developing T2DM.6

AT depots differ in the distribution of FC sizes," suggesting
that this difference might in part underlie the functional differ-
ences between SAT and VAT. In support of this view, Veilleux
et al. reported that hypertrophy of VAT but not SAT FCs is asso-
ciated with a more atherogenic lipid profile."! Others have found
that a number of functional aspects of FC activity relate to FC
size.B10

Adiponectin is a potent insulin-sensitizing, anti-inflamma-
tory, and anti-atherogenic FC hormone that may link obesity to
the development of insulin resistance.’? Adiponectin levels are
low in obesity and in conditions associated with insulin resis-
tance, including hyperlipidemia, T2DM, and NASH." In vivo,
regional AT distribution appears to contribute to the regulation of
adiponectin. An increased VAT mass is an independent predictor
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Table 1. Subject characteristics

Age (y) 46 +2
Gender 9F|4M
BMI (kg/m?) 46.1+23
Waist circumference (cm) 131.2+5.0
WHR 0.91 +0.02
Fasting glucose (mM) 5.35+0.21
Fasting insulin (pM) 26.0+3.9
HOMA-IR 6.30 + 1.03
Fasting triglycerides (mg/dL) 142 +£77
HDL (mg/dL) 45+ 11
Serum total adiponectin (ng/mL) 15.33+2.14
Serum HMW adiponectin (ng/mL) 3.76 £ 0.82

Results are provided as mean measures + SD. BMI, body mass index;
WHR, waist:hip ratio, HOMA-IR, homeostasis model assessment of
insulin sensitivity, calculated multiplying fasting plasma insulin by fast-
ing plasma glucose, then dividing by the constant 22.5, i.e,, HOMA-IR =
(FPI X FPG)/22.5.

Table 2. Relationships between clinical characteristics and circulating
adiponectin

Variable Serum total Ad  Serum HMW Ad SA
BMI -0.30 -0.40 -0.39
WHR -0.39 -0.49 -0.52
Serum Insulin —-0.56 —0.71%f —-0.67%t
HOMA-IR -0.44 —0.59*%* —0.64**
Triglycerides —-0.66" —0.66*" —-0.53"
HDL 0.48 0.66* 0.41

Results are provided on 13 subjects as Pearson r values. S, insulin sen-
sitivity index was determined as the ratio of HMW to total adiponectin.
*P < 0.05, x, y log-transformed.

of reduced serum adiponectin levels.”> Depot differences are evi-
dent in the secretion of adiponectin by cultured human VAT and
SAT explants.'""" Adiponectin circulates in three major forms:
a low molecular weight (LMW) trimer, a medium molecular
weight (MMW) hexamer, and a high molecular weight (HMW)
'¢ Increases in the S,, the ratio of HMW adiponec-
tin to total adiponectin and an indicator of insulin sensitivity,

multimer.

as well as the absolute amount of HMW adiponectin correlate
with improvements in insulin sensitivity and lowering of hepatic
glucose production.” Circulating levels of these multimeric com-
plexes appear to be regulated at the level of the FC in response to
changes in total body fat mass'® and regional AT distribution."”?

The manner by which AT expands, through hyperplasia and/
or hypertrophy, could represent another potential regulator of
adiponectin synthesis and secretion. Reductions in mean FC size
and increases in adiponectin both occur in response to weight
loss.?»#2 In support of this view, Drolet et al. demonstrated an
inverse relationship between mean FC diameter and total adi-
ponectin secretion—a relationship evident only in VAT.® We
postulate that FC size contributes to obesity related reductions
in adiponectin and that this effect is influenced by the regional
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distribution of excess AT. To address this hypothesis, we have
examined the relationship between AT depots, FC size, and
secretion of total and multimeric adiponectin in human obesity.

Results

Clinical features and adiponectin. To examine the relationship
between serum adiponectin and anthropometric and cellular
measures of obesity, we recruited 13 obese weight stable subjects
undergoing laparoscopic Roux-en-Y gastric bypass for weight
reduction. Subject characteristics are presented in Table 1.
Participants were euglycemic with a predominantly central dis-
tribution of excess AT (waist circumference 149.2 + 10.1 cm male
vs. 123.2 + 3.2 cm female). There was a tendency (P = 0.075)
for central adiposity to be positively associated with an increased
index of insulin resistance? (HOMA-IR).

Serum total and HMW adiponectin levels did not differ
significantly between male and female subjects, although there
were tendencies for both total (17.24 + 2.8 vs. 11.03 + 1.6 pg/ml,
P = 0.14) and HMW adiponectin (4.2 + 0.99 vs. 1.8 + 0.52,
P = 0.15) levels to be higher in female subjects. S,, the ratio of
HMW adiponectin to total adiponectin and an indicator of
insulin sensitivity, did not differ significantly between male and
female subjects, although there was again a tendency for higher
S, in females (0.25 + 0.04 vs. 0.15 + 0.02, P = 0.12). While levels
of total adiponectin in the serum were not significantly associated
with measures of adiposity, insulin action, or lipidemia (Table 2),
both the S, and serum HMW adiponectin levels were signifi-
cantly related to the HOMA-IR.

FC size. Figure 1A presents a histogram of FC diameters
determined on intact SAT and VAT from all subjects. While
FC diameters displayed a near Gaussian distribution, consider-
able heterogeneity was observed. For subsequent consideration,
“small” FCs are defined as those with a diameter <69 pm,
one SD below the mean, while “large” FCs are taken as those
with diameters >131 wm, one SD above the mean. Differences
between the SAT and VAT depots of the same subject were
observed (Fig. 1B). FCs from VAT were routinely smaller than
those from the SAT depot (87 + 4% of paired SAT, P = 0.011),
in agreement with previous findings.** Besides differences in the
average diameter, the % small FCs was greater in VAT compared
with SAT (20.0 + 11.3% vs. 11.7 £ 6.4%, P = 0.02). Conversely,
SAT contained a greater % large FCs (19.5 = 14.6 vs. 10.5 +
13.7%, P = 0.01). Gender differences were evident in both FC
size and FC size distribution, with males having a larger average
VAT diameter (P = 0.03) and a smaller % small FCs (2 = 0.03)
compared with females.

There were no relationships between a measure of total
adiposity (BMI) and FC diameter for either depot (Table 3).
However, as might be expected, VAT FC size (P = 0.007,
r=0.79) and the % large VAT FCs (P = 0.04, r = 0.48) were pos-
itively associated with WHR, an indicator of visceral adiposity.
SAT FC size was a strong predictor of insulin action, displaying
significant associations with both fasting insulin levels and the
HOMA-IR. Increases in the % small VAT FCs related positively
to the S, index of insulin sensitivity (P = 0.02, » = 0.75), and
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Figure 1. FC size distribution: depot differences. (A) Histogram of FC diameters determined on intact tissue. Results pooled for 10 subjects and both
depots. (B) Comparison of average FC diameter between paired depots in 10 subjects.
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Table 3. Relationship between FC size and clinical characteristics

Variable SAT FC diameter VAT FC diameter
BMI -0.11 0.05
WHR 0.53 0.79%
Serum insulin 0.86* 0.39
HOMA-IR 0.70* 0.61"
Triglycerides 0.76%* 0.60
HDL -0.33 —0.55

Results are provided on 10 subjects as Pearson r values. *P < 0.05, *x and
y log transformed, *x log transformed.

to a smaller waist (P = 0.01, » = -0.74) and WHR (P = 0.001,
r=-0.86).

FC size and adiponectin secretion. Reflective of the relation-
ship between SAT FC size and insulin action, SAT FC diameter
was also strongly associated, in a negative manner, with total and
HMW adiponectin in the circulation (Fig. 2). The same was
true for circulating S, (» = -0.74, P = 0.03). Conversely, there
was no correlation between VAT FC diameter and circulating
total adiponectin (r = -0.37, P = 0.36), yet VAT FC size was sig-
nificantly associated with circulating HMW adiponectin (Fig. 2)
and nearly so with S, (» = -0.65, P = 0.08). Average FC diameter
describes a property of an entire population. To understand more
about how adiponectin secretion and assembly into HMW may
be influenced by FC size, the results were analyzed in light of the
% of FCs in each depot that could be classified as small, with a
greater % small FCs suggesting expansion of that depot through
hyperplasia. In SAT the % small FCs was positively associ-
ated with both total and HMW adiponectin in the circulation
(Fig. 3). A depot difference was apparent in the fact that the %
small FCs in VAT was not related to total circulating adiponec-
tin, though it was correlated with HMW in the serum, similar to
the situation with SAT (Fig. 3).

Ex vivo adiponectin secretion. In order to understand more
about differences between AT depots with regard to the mul-
timerization and secretion of adiponectin, SAT and VAT were
maintained in culture under controlled conditions and the release
of adiponectin into the media evaluated. We have reported pre-
viously that over the initial period, 24—48 h, AT maintained in
this manner reflects many of the properties of freshly obtained
AT In agreement with previous reports,”* SAT routinely
released more total adiponectin into the media than the paired
VAT (Fig. 4, P = 0.011), a difference that was observed in all
of the subjects (data not shown). Of the two depots, SAT rep-
resents the major contributor to adiponectin in the circulation,
as total adiponectin secreted from SAT over 24 h in culture was
strongly and significantly correlated with circulating adiponec-
tin levels in the same subjects (r = 0.77, P = 0.015). The same is
true for HMW adiponectin released from SAT and that in the
circulation (7 = 0.83, P = 0.005). The role of VAT appears to be
of lesser importance compared with SAT, as neither the associa-
tion between secreted and circulating total adiponectin (r = 0.63,
P = 0.069) nor secreted and circulating HMW adiponectin
(r=10.62, P=0.076) reached statistical significance. In general-
ized linear models with both SAT and VAT depots predicting
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serum levels, SAT alone was significant. Adding SAT to VAT
improved model fit, while adding VAT to SAT did not. Beyond
the contributions of the individual depots to the pool of circulat-
ing adiponectin, the possibility exists for crosstalk between the
depots. Even when studied separately in explant culture, there
were strong associations between adiponectin secretion from
paired SAT and VAT for both total (» = 0.83, P = 0.0016) and
HMW (r=0.75, P = 0.020) adiponectin.

FC size had a direct impact on adiponectin secretion from
intact SAT, as the amount of both total and HMW adiponectin
released into the media over a 24-h period fell with increasing
FC diameter (Fig. 2). Consistent with that behavior, adiponectin
secretion was positively associated with the % small FCs in SAT
(Fig. 3), suggesting that small FCs in SAT autonomously secrete
more adiponectin and assemble a higher proportion into HMW
multimers. Unlike the situation with regard to total adiponectin
in the serum, VAT FC size (diameter) was significantly associ-
ated with total adiponectin released into the media (r = -0.82,
P = 0.04). Any such relationship with secreted HMW did not
attain significance (» = -0.41, P = 0.27). In vitro, VAT behaved
similarly to SAT in that the % small FCs was positively associ-
ated with total adiponectin released into the media (Fig. 3).

Discussion

This study demonstrates several major findings. First, we confirm
earlier findings by ourselves and others that depot differences exist
in the secretion of adiponectin, with greater release by SAT.""
In this report we extend these earlier findings to demonstrate a
primary role of SAT in the determination of circulating levels
of both total and HMW adiponectin. We also report the exis-
tence of depot differences in the relative degree of hypertrophic
vs. hyperplastic expansion of AT in obesity. Because increases in
FC size have been shown to impair FC function?® and correlate
with insulin resistance?” and risk for T2DM,° these findings may
have important implications for the relationship between obesity
and the occurrence of metabolic disease.

One possible contributor to obesity-related reductions in adi-
ponectin may be dysfunctional SAT.?® Our group has previously
shown that secretion of adiponectin from SAT is reduced in
obese subjects.” Our current study shows that despite an obesity-
associated reduction in adiponectin secretion, SAT still secretes
and contributes more significantly to serum adiponectin than
does VAT (Table 4). Because of its larger mass and greater secre-
tion rate, even small reductions in adiponectin production by
SAT have the potential to significantly lower circulating levels of
adiponectin. In support of this regulatory role of SAT, pharma-
cologic agents or conditions that act to alter the expansion and/
or activity of SAT exert significant effects on circulating levels of
adiponectin.?%

Our novel findings regarding the relationship between FC size
and adiponectin secretion suggest that depot morphology may in
part underlie the reductions in adiponectin that are associated
with visceral obesity. In agreement with previous work,?* hyper-
trophy appears to be the predominant mechanism for expan-
sion of SAT, as surrogate measures of hypertrophic expansion,
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Figure 2. Relationships between averaged SAT and VAT FC diameter and features of circulating and 24 h secreted total and HMW adiponectin.n = 10
for all serum adiponectin measures, n = 8 for media total adiponectin, and n = 6 for media HMW adiponectin measures.

mean FC diameter and % large FCs, were greatest in SAT. In  contained a greater % small FCs as well as a greater overall mean
contrast, hyperplastic expansion appears predominant in VAT, FC diameter, suggesting preferential expansion of this depot vs.
which contained a significantly greater % small FCs and a signifi- ~ SAT in males by a combination of both cellular hypertrophy and
cantly smaller mean FC diameter. Interestingly, in males, VAT  hyperplasia.
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measures.

Figure 3 (See previous page). Relationships between % small (diameter <69 wm) FCs in SAT and VAT and features of circulating and 24 h secreted
total and HMW adiponectin. n = 10 for all serum adiponectin measures, n = 8 for media total adiponectin, and n = 6 for media HMW adiponectin

During states of nutrient excess AT expands via a combination
of hypertrophy and hyperplasia. The relative balance between
these processes has metabolic consequences for a given indi-
vidual. While hypertrophic obesity is strongly associated with
insulin resistance and development of the metabolic syndrome,*
lictle is known regarding the effects of FC hyperplasia on meta-
bolic dysfunction. A recent report by Arner et al. suggests that a
genetic predisposition to limit SAT hyperplasia is associated with
an increased risk for T2DM.** Consistent with these findings,
we report that reductions in the % small FCs in SAT, our sur-
rogate measure of AT hyperplasia, are associated with reductions
in both secreted and circulating levels of total and HMW adipo-
nectin. These changes in adiponectin may underlie the increased
risk for T2DM identified by Arner et al.*

Alterations in FC size have metabolic effects.® For example,
enlargement of FCs has been associated with altered lipid and
energy metabolism,*® increased inflammatory cytokine produc-
tion,” and insulin resistance.® In agreement with Hoffstedt et al.,
we found significant relationships between average SAT FC size
and multiple measures of insulin action, including fasting insu-
lin, triglycerides, and HOMA-IR.>” Although no association
was identified between average VAT FC size and these measures
of insulin sensitivity, we identified a significant relationship
between the % large VAT FCs and HOMA-IR, suggesting that
hypertrophy of VAT FCs may adversely affect insulin sensitivity.

These results give rise to the following question: do depot dif-
ferences in AT morphology underlie obesity-related reductions
in circulating and secreted adiponectin? Studies by some inves-
tigators suggest that in SAT, FC size is inversely correlated with
serum adiponectin.’*% For example, the reductions in FC size
that occur with weight loss are associated with increases in cir-
culating adiponectin.?*? In the current report we examine the
relationship between FC size and the secretion of adiponectin
by SAT and VAT, as well as the relative contributions of each of
these depots to circulating levels of adiponectin. Our findings of
an inverse relationship between SAT FC size and serum adipo-
nectin are in agreement with those of Drolet et al., and extend
their findings with our inclusion of important inverse relation-
ships between FC size and serum HMW adiponectin in both
depots.’® Our findings support the postulate that the hypertro-
phic expansion of SAT, more so than VAT, may undetlie obesity-
related reductions in serum total and HMW adiponectin. The
inclusion of data on HMW adiponectin, the most biologically
potent form,* and measurements of large numbers of individual
FCs in situ further strengthen our findings.

The occurrence of metabolic disease has long been linked
to the accumulation of VAT, with expansion of VAT, more so
than SAT, strongly associated with reductions in serum adipo-
nectin.” These observations suggest that adiponectin secretion
may be impaired in obese VAT. In support of this view, we con-
firm reduced adiponectin secretion by the VAT of obese subjects,
a finding reported previously by our group and others.'#4
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Table 4. Intradepot and interdepot influence of FC size distribution (%
small FC) on secreted adiponectin

% small FCSAT % small FC VAT

r P value r P value

24 h media total adiponectin 0.70 0.05* 0.83 0.006*
(same depot)

24 h media HMW adiponectin 0.93 0.007* 0.96 0.003*
(same depot)

SAT - 24 h media total 094  0.0005*
adiponectin

SAT - 24 h media HMW 0.91 0.01*

adiponectin

Results are provided as Pearson r values. *P < 0.05. n = 8 for media total,
n =6 for media HMW.

24 h Media Total Adiponectin
2000+

B sAT

1500= Il VAT

24 h media total adiponectin

4 6 7 8 9 10
BAT subject

11 12

Figure 4. Ex vivo release of total adiponectin from AT from 8 subjects
over 24 h. in culture: Comparison of SAT and VAT. Equal weights of
tissue were maintained in 30 mL of defined media (see Materials and
Methods).

Adipocyte

However, the relationship between VAT and serum adiponectin
is likely to be more complicated, due in part to the fact that VAT
makes up only 20% of total body fat. Even assuming that the
adiponectin secretion rates by VAT and SAT are similar, a com-
plete loss of adiponectin secretion by VAT is unlikely to account
for more than a 20% reduction in serum adiponectin, suggest-
ing that other factors likely contribute to the lower adiponectin
levels associated with visceral obesity. Although our study cannot
determine the reason for the relationship between VAT and adi-
ponectin in vivo, it is clear that reductions in SAT adiponectin
secretion must play a role. To better understand the regulation of
adiponectin in obesity, we sought to determine if our data sug-
gests the presence of cross-depot communication. Intriguingly,
the % large VAT FC, our surrogate measure of hypertrophic

223



expansion, related significantly to reductions in the secretion
of both total and HMW adiponectin by SAT. In addition, we
identified a significant relationship between the % small FC in
VAT and the secretion of total adiponectin by SAT (Table 4).
Although these findings do not establish causality, one potential
explanation for these observations is the existence of cross-depot
communication.

Several limitations of our study need to be acknowledged.
First, although we report a strong relationship between FC size
and adiponectin, this study was not designed to establish cau-
sality. Indeed, others have reported that adiponectin itself may
exert effects on AT expansion.* Second, results were normal-
ized by tissue weight and not by FC number. We note that the
greater mean FC size in SAT would predict fewer FCs per unit
weight of AT in this depot and hence a greater per cell adipo-
nectin secretion rate. Accordingly, we would predict that this
analysis would increase the significance of our findings regard-
ing depot differences. We further acknowledge that with a small
data set it is difficult to contrast the relative contributions of the
SAT and VAT depots to circulating adiponectin and replication
in a larger data set is indicated. Third, although it is generally
accepted that adiponectin levels vary inversely with BMI, we did
not observe a significant relationship between circulating adi-
ponectin and BMI in our study subjects. Instead, individuals
with nearly identical BMIs had widely discrepant adiponectin
levels, suggesting that in the severely obese, other factors such as
the relative tendency for hyperplastic vs. hypertrophic expansion
may contribute to the observed differences in serum adiponec-
tin. Lastly, we acknowledge that our observations are restricted
to a single point in time. Thus, we have not made dynamic mea-
sures of AT expansion but have instead used the % small and the
% large cells as surrogate measures of hyperplastic and hypertro-
phic expansion. Future studies will assess these relationships as
a dynamic process.

In summary, while the FC hormone adiponectin represents a
potential molecular mediator of obesity-related disease, the role
of AT expansion in the regulation of adiponectin remains uncer-
tain. These results suggest that even within a cohort of similarly
obese individuals, FC size differs and that this distribution of FC
size relates meaningfully to the metabolic and hormonal function
of AT. We postulate that the predominant mechanism by which
AT expands under conditions of nutrient excess contributes
importantly to the metabolic consequences of obesity, leading us
to propose that interventions promoting hyperplastic expansion
of AT, particularly of SAT, may mitigate the severity of obesity-
related metabolic disease.

Materials and Methods

Human subjects. A total of 13 obese subjects, 9 females and
4 males, undergoing elective laparoscopic gastric bypass via
Roux-en-Y for the treatment of obesity were recruited for this
study. The institutional review boards of Scripps Memorial
Hospital and the University of California, San Diego approved
this study and all subjects gave informed consent. All subjects
were weight stable at the time of surgery. Characteristics of study
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subjects are shown in Table 1. Waist circumference was measured
at the level of the iliac crest and hip circumference was measured
at the widest circumference.

Assays. All participants fasted for at least 12 h prior to blood
collection and surgery. Fasting serum lipids and glucose were
determined using standard assays. Serum insulin concentra-
tions were determined by RIA (intraassay cv = 3.2%, interassay
cv = 3.9%) (EMD Millipore, HI-11K). HOMA-IR was calcu-
lated as the product of the fasting glucose (mmol/L) and fast-
ing insulin (WU/mL) divided by 22.5. Serum and conditioned
media total and serum HMW adiponectin was determined by
total (intraassay cv = 3.3%, interassay cv = 5.7%) and HMW
adiponectin (intraassay cv = 2.5%, interassay cv = 5.6%) ELISA
(EMD Millipore, EZHADP-61K and EZHMWA-64K). Insulin
sensitivity index (S,) was determined as the ratio of HMW to
total adiponectin.

Media HMW adiponectin, below the limit of detection by
ELISA, was determined by semi-quantitative western blotting.
Multimeric adiponectin was analyzed using 3—8% tris-acetate
gels (Invitrogen, EA0378BOX). Samples of conditioned media
(30 wl) were diluted 1:5 in Laemmli sample buffer under non-
reducing, non-heat denaturing conditions. Adiponectin stan-
dards equal to 2.5, 5.0, and 15 ng of total recombinant human
adiponectin (EMD Millipore, EZHADP-61K) were run for
semi-quantitative analysis on each gel. Electrophoresis and west-
ern blot analysis was performed by standard techniques using pri-
mary mouse anti-human adiponectin (1:500) (BD Transduction
Laboratories, 611644) and secondary goat anti-mouse-IR-800
(1:20000) (LICOR, 926-32210) antibodies. Band detection
and signal intensity were determined using the LICOR Odyssey
imager and software. Quantitation of total and HMW adipo-
nectin was completed for each standard and each unknown. To
determine the amount of HMW adiponectin in conditioned
media, the percentage of HMW in the samples as determined
by quantitation was multiplied by the total adiponectin in the
media as determined by ELISA. This value was then normal-
ized between gels using a factor determined by quantitation of
the adiponectin standards. Reproducibility of this method was
established by running adiponectin standards in triplicate on
eight gels. The standard deviations of the calculated values of
HMW and % HMW adiponectin were 1.53 ng/mL and 0.41%
respectively.

Adipose tissue biopsy. Paired SAT and VAT biopsies were
obtained from the superficial abdominal subcutaneous adipose
tissue and from visceral adipose tissue of the greater omentum.
Biopsy tissue was placed in a sterile HEPES salts solution, as
previously described,' and transported to the lab for immediate
processing.

Adipose tissue explant culture. AT explants were cultured
(2 g AT/30 ml) in defined medium as previously described."
Conditioned media was collected at 24 h and analyzed as
described above for total and HMW adiponectin.

Adipose tissue histology and imaging. Single pieces (0.5—
0.8 g) of adipose tissue obtained from each depot were placed
in 70% ethanol immediately following the biopsy. Preparation
of samples for histologic analysis consisted of progressive
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dehydration in ethanol and citrisolv (Fisherbrand, 22-143-975)
and paraffin embedding in cassette molds, which were then
stored at -20 °C for 24 h prior to further processing. Multiple
slides were prepared from each biopsy sample using a microtome
with a slice thickness of 5 wm. Prepared slides were H&E stained
according to standard methods. Images of the H&E stained adi-
pose tissue slides were obtained at a 4x magnification together
with imaging of a 2000 wm calibration instrument and FC
diameter was determined on 600 cells per depot. Data obtained
from the Image ] protocol was then analyzed using statistical
techniques. To extrapolate to cell volume from the diameter, the
formula for the volume of a sphere was used.

Statistical analysis. All statistical analysis was performed using
Graph Pad Prism 5.0b except the multivariate analysis, which
was performed using SPSS (IBM SPSS 19 statistical software).
Interdepot differences were determined by paired ¢ test analysis
and all correlational data are reported based on Pearson correla-
tion analysis with log transformation of non-normally distributed
data when required. We used Pearson correlation to test the asso-
ciation of adiponectin secretion by each depot with serum levels
of adiponectin. Generalized linear models were utilized to evalu-
ate the relative contributions of the two depots to the serum levels.
The significance of the two depots in the multivariate model and

the change in goodness of fit according to the Akaike Information
Criterion (AIC) for each variable if added last were evaluated in
each case. Due to limitations in tissue availability, not all analysis
was completed on all subjects. Numbers of subjects studied are
given in table and figure legends. In all cases, statistical signifi-
cance was taken as a P value less than or equal to 0.05.
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