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Abstract

Objective—Adiponectin is found in human serum in three groups of multimers (high, medium,
and low molecular weight). Previously, we reported two ethnic-specific variants in AD/POQ,
G45R (Hispanic Americans) and R55C (African Americans). Although carriers of both variants
had mean adiponectin levels <20% of those of non-carriers, they were not clinically different from
non-carriers. To compare carriers of both variants and non-carriers, relative quantification of
adiponectin isoforms to total adiponectin was performed on serum samples.

Methods—The multimeric patterns of serum adiponectin in G45R carriers (/7=23), R55C carriers
(m=3), and Hispanic and African American non-carriers (/=84 and 44, respectively) from the
IRAS Family Study were explored using native western blotting and densitometry.

Results—Serum samples from carriers showed an absence of the high molecular weight (HMW)
isoform and a marked reduction in the medium molecular weight isoform but an approximate two-

Users may view, print, copy, and download text and data-mine the content in such documents, for the purposes of academic research,
subject always to the full Conditions of use:http://www.nature.com/authors/editorial_policies/license.html#terms

Corresponding author and person to whom reprint requests should be addressed: Nicholette D. Palmer, Ph.D., Department of
Biochemistry, Wake Forest School of Medicine, Medical Center Blvd., Winston-Salem, NC 27157, USA, nallred@wakehealth.edu.

Disclosure: The authors declare no conflict of interest.


http://www.nature.com/authors/editorial_policies/license.html#terms

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tabb et al.

Page 2

fold increase in the amount of the low molecular weight isoform (LMW). Thus, individuals
making only LMW adiponectin are metabolically normal.

Conclusions—The results contrast with the proposed biological importance of the HMW
multimer. This suggests that the LMW isoform may functionally compensate for some of the loss/
reduction of the higher-order multimers in carriers of the G45R and R55C mutations.
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Introduction

Adiponectin, encoded by AD/POQ, is an adipokine exclusively synthesized and secreted by
adipocytes into serum (1). Levels of circulating adiponectin have been shown to be inversely
correlated with body weight and cardiometabolic disease (2, 3, 4, 5) and have been the
subject of extensive investigation in metabolic disease in humans. The adiponectin monomer
contains a collagen-like domain which facilitates assembly of multimers containing carboxyl
terminal globular domains believed to be the active component of the molecule. In normal
human serum, adiponectin is distributed in three distinct isoforms: low molecular weight
(LMW) trimers, medium molecular weight (MMW) hexamers, and high molecular weight
(HMW) oligomers (1, 6). The HMW oligomer, comprised of 12-18 adiponectin monomers,
has previously been reported to be the most biologically active of the three isoforms in both
humans and mice (7, 8), although there is not a firm consensus on this position in the
literature. In addition, there is evidence that the ratio of HMW to total adiponectin is a better
predictor of insulin resistance and metabolic syndrome compared with total adiponectin
levels alone (6, 9).

Previously, we have reported identification of two ethnic-specific novel coding variants in
the ADIPOQ gene: G45R in Hispanic Americans (10) and R55C in African Americans (11).
These coding variants are located in the collagen-like domain of ADIPOQ. Total serum
adiponectin levels had previously been quantified by radioimmunoassay (RIA) (12) in
individuals harboring the variants and were found to be < 20% of the mean adiponectin
levels observed in non-carriers (10). Despite the documented inverse correlation between
cardiometabolic disease and total serum adiponectin levels (2), these G45R and R55C
mutation carriers were statistically no different in measures of metabolic health (e.g. insulin
sensitivity, body mass index) and were not clinically different from related individuals who
do not harbor the G45R or R55C variants (10, 11). Based on the seemingly contradictory
results observed in individuals with mutations, we have carried out a focused analysis of the
adiponectin isoforms from these subjects in an effort to explain the surprising lack of
association with clinical characteristics commonly associated with a reduction in serum
adiponectin levels.
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Primary rabbit polyclonal antibodies against mouse and human adiponectin were obtained
from Biovendor R&D Products (Asheville, NC). Fluorescently labeled 800CW goat anti-
rabbit 1gG secondary antibody, nitrocellulose membranes, and Odyssey tris-buffered saline
blocking buffer were purchased from LI-COR Biotechnology (Lincoln, NE). Reference
HMW adiponectin isoforms were purchased from R&D Systems (Minneapolis, MN).
Control pooled mouse serum and the Life Technologies total adiponectin enzyme-linked
immunosorbent assay (ELISA) were acquired from Thermo-Fisher Scientific (Waltham,
MA).

Human Subjects—The primary source of human samples was the Insulin Resistance
Atherosclerosis Family Study (IRASFS), a multi-center, family-based study designed to
identify the genetic determinants of insulin resistance and visceral adiposity in Hispanic
American and African American populations (13). Serum samples from Hispanic American
(N =107) and African American (N = 47) IRASFS participants were analyzed for
adiponectin multimers (see below). An additional 10 African American samples from other
cohorts were included for comparison (14, 15). Archived serum samples, stored at -80°C,
were used for all analyses. Written informed consent was obtained from all participants prior
to sample collection, and Institutional Review Board approval was secured at all clinical and
analysis sites.

Mice—Blood collection procedures were approved by the Institutional Animal Care and
Use Committee at Wake Forest School of Medicine, Winston-Salem, North Carolina. Whole
blood was collected from two fourteen-month-old C57BL/6J female mice. Serum was
separated from whole blood using standard procedure. Briefly, blood samples were allowed
to clot at 23°C for 60 min, followed by centrifugation at 1,500 x g for 15 min at 4°C to
separate the serum from the clot. Serum was removed from each sample and stored in a
clean microcentrifuge tube at -80°C.

A subset of 26 IRASFS Hispanic American serum samples was re-quantified in this study
using the Life Technologies total adiponectin ELISA according to the manufacturer’s
protocol. In brief, antigen in the samples was bound to antibody-coated wells. A detection
antibody was then added to each well, followed by horse radish peroxidase (HRP) solution.
Finally, tetramethylbenzidine substrate was used to detect HRP activity. Addition of stop
solution changed the reaction color for detection at 450 nm by a microplate reader.

Western Blots

Native (non-denaturing, non-reducing) western blots were performed to separate and
visualize the adiponectin isoforms within each serum sample (human and mouse). Each 20
uL sample consisted of 0.5 UL serum, 10 uL standard native loading buffer, and 9.5 pL 50
mM tris buffer, pH 6.8. Samples were loaded onto hand-cast 6% polyacrylamide gels in tris-
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glycine buffer without sodium dodecyl sulfate (SDS) and run for 3 h 30 min at 125 V on ice.
Following electrophoresis, gels were soaked for 15 min in 0.1% SDS to confer a net negative
charge to the separated proteins and facilitate the unidirectional transfer to a nitrocellulose
membrane. Protein transfer was conducted in tris-glycine buffer with 20% methanol at 25 V
for 1 h. After transfer, the membranes were fixed in 5% acetic acid for 15 min, rinsed with
deionized water, and allowed to air-dry for several minutes. Adiponectin was probed using a
1:2500 dilution of a species-specific polyclonal rabbit anti-adiponectin antibody. A
fluorescently labeled secondary antibody (IRDye 800CW Goat anti-Rabbit 1gG) was used to
detect the adiponectin-bound primary antibody. Following washing to remove excess
unbound antibody, the membranes were dried for 24 h and scanned using an Odyssey
Classic Infrared Imaging System (LI-COR Biosciences). Scans were saved in a high-
resolution image format for subsequent analysis.

Densitometry Analysis and Quantification

Results

Fiji Image J software (16, 17) was used to quantify the adiponectin isoforms for each
sample. Each image was separated out by color channel (red, blue, and green). Subsequent
steps were performed using the green channel image. Three regions corresponding to the
high, medium, and low molecular weight bands of adiponectin were delineated. Rectangles
were drawn around each lane of the gel, and the total intensity of the signal within each
designated isoform region was measured. The signal score was calculated by subtracting the
background signal from the total intensity. The average intensity of the marker lanes from
the red channel image was used as the reference signal, and each signal score was divided by
the reference signal to obtain the final adjusted signal score, or relative intensity value.
Densitometry traces were graphed based on the relative intensity values with Microsoft
Excel, and total adiponectin was estimated for each sample by summing the relative
intensities for that sample. Total adiponectin levels and isoform-to-total adiponectin
percentages were determined based on these values.

Table 1 lists relevant demographic information for the IRASFS participants whose sera were
tested in this study. Among the non-carrier samples were Hispanic American and African
American individuals that previously had low (bottom 20%) total plasma adiponectin levels
by RIA (12). These samples were chosen for analysis to investigate the possibility that they
also showed isoform distribution differences such as those observed with the carrier
samples. In addition, in Hispanic American only, non-carriers with normal/average plasma
adiponectin levels were included. Thus, there were three Hispanic American test groups and
two African American test groups. Across most measures, the sample subgroups were not
noticeably different (e.g. body mass index). For some traits, these small samples may differ
(e.g. acute insulin response [AIR]; Table 1). The ranges of AIR measurements were large,
however, the median values show more modest differences (e.g. Hispanic American normal
adiponectin: 810.80 pmol/L; Hispanic American, low adiponectin: 625.50 pmol/L; Hispanic
American, G45R carriers: 497.80 pmol/L). Moreover, in the original analyses (10, 11), there
were no significant differences based on genotype found in the overall samples (Hispanic
American, 7=1240; African American, 7=566).
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Serum adiponectin levels of the 26 Hispanic American samples from the IRASFS measured
by the ELISA ranged from 1.51-29.37 ng/mL (mean = 9.34 ng/mL; SD = 6.54). Plasma
adiponectin levels had previously been measured in these IRASFS participants using RIA
(12). This assay was followed by measurement on a subset of samples (N=55) using a total
adiponectin ELISA (EMD Millipore; Billerica, MA) (10). Among the three quantification
assays, the highest correlation was between the results of the two ELISAs (r=0.91). There
was relatively poor correlation (r= 0.56) between the measurements obtained by the prior
RIA and ELISA performed in this study, although this could be due in part to the use of
serum compared to plasma as the source of adiponectin.

Western Blots

Fluorescent imaging of western blots showed that HMW isoforms were undetectable or
greatly reduced and the MMW isoform was markedly reduced in G45R and R55C carrier
samples (Figure 1A and 1B, respectively). This was accompanied by a noticeable increase in
the amount of LMW isoform in samples from both G45R and R55C carriers compared to
non-carrier samples. In contrast to the human samples, fluorescent images of mouse serum
immunoblots showed only the HMW and MMW isoforms of adiponectin (Figure 2),
consistent with previously published results (7). Mouse samples incubated with human
antibody and human samples incubated with mouse antibody do show cross-reactivity,
although the LMW isoform was only faintly detected in human samples when probed with
mouse antibody (data not shown).

Densitometry and Quantification

Representative densitometry traces illustrating the distribution of the three adiponectin
isoforms are shown for a Hispanic American G45R carrier (Figure 3A), a Hispanic
American non-carrier (Figure 3B), an African American R55C carrier (Figure 3C), and an
African American non-carrier (Figure 3D). The same patterns were consistently observed
among individual members of each respective group. The average percentage of HMW to
total adiponectin was determined from the quantification of blots for each group as well
(Figure 4). Interestingly, the Hispanic American non-carriers, low (RIA) adiponectin level
test group appeared to have a lower HMW percentage than the Hispanic American non-
carriers, normal adiponectin levels test group. Mean percentages of HMW for each group
were: G45R carriers, 1.0% (0.3-1.6%); G45 non-carriers, low (RIA) adiponectin levels,
8.7% (1.8-15.4%); G45 non-carriers, normal adiponectin levels, 14.1% (5.6-24.9%); R55C
carriers, 2.6% (1.2-6.1%); and (low RIA) R55 non-carriers, 6.1% (1.3-20.5%). The mean
percentages of MMW for each group were: G45R carriers, 4.6% (0.96-33.3%); G45 non-
carriers, low (RIA) adiponectin levels, 17.9% (10.4-30.2%); G45 non-carriers, normal
adiponectin levels, 23.5% (2.8-38.2%); R55C carriers, 3.4% (1.8-6.1%); and (low RIA)
R55 non-carriers, 18.3% (8.7-32.5%). In addition, with densitometry, we estimate that the
LMW isoform synthesis is 2.2-fold higher in the G45R and 2.5-fold higher in the R55C
carriers than in non-carriers.
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Discussion

In this study, we performed native western blotting experiments with densitometry analysis
of adiponectin in serum samples from Hispanic American and African American IRASFS
participants. The motivation was to use western blots to assess serum adiponectin from
individuals harboring the G45R or R55C AD/POQ variants. It is important to note that
before either variant had been identified, carriers were determined to have low total
adiponectin levels by RIA, yet were not clinically different from their family members with
higher adiponectin levels (10, 11, 12). Herein, we show that the difference is not the total
adiponectin concentration, but the pattern of adiponectin isoform distribution between
carriers of the G45R and R55C variants and non-carriers from the same populations.
Working back to the original reports, we conclude that variable isoform distributions were
not significantly different in their associations with cardiometabolic traits. With this,
secretion of the LMW isoform of adiponectin is substantially increased in G45R and R55C
mutation carriers.

It is striking that the low total adiponectin levels in G45R and R55C carriers determined
previously by RIA (12) were so different from the current western blot analysis. However, a
marked increase in the LMW isoform and considerably decreased HMW and MMW was
observed in Western blot analysis of the mutant carriers. This observation substantially
changes the context of the discussion of why individuals with the G45R or R55C variants do
not differ clinically from non-carriers. The apparent increase in LMW adiponectin in carriers
of these mutations, leading to higher levels of total adiponectin, may functionally
compensate for the lack of the HMW isoform. This advantage is not observed in carriers of
other AD/POQ variants, e.g. G84R and G90S, who, despite producing normal levels of
LMW and MMW isoforms, are unable to form the HMW multimers and overall have lower
total adiponectin levels and higher incidence of metabolic disease (18, 19). This scenario,
however, results in further questions. First, it has been reported that alterations to the HMW
multimer are in some cases correlated to increases in insulin sensitivity (7, 8), but carriers of
ADIPOQ G45R or R55C variants lacking the HMW isoform do not differ phenotypically
from Hispanic American or African American non-carriers. Thus, characterization of the
isoform distribution of the G45R and R55C carriers provides interesting insight into the
metabolic action of adiponectin isoforms suggesting that LMW multimers may be
comparably active and suggest a need for investigation into the role of different isoforms. It
is notable that endogenous LMW adiponectin makes up a lower proportion of the total
adiponectin in mice (18), which was replicated using this experimental approach (data not
shown). These dramatic differences suggest that the metabolic influences of adiponectin
isoforms may be different in this model system compared to humans.

Based on the discrepancy between the total adiponectin levels measured by RIA versus those
measured by other antibody-dependent assays (ELISA and western blot), it is likely that
some antibodies may be subject to preferential detection of one isoform over others. In this
case, it appears the RIA may have preferentially detected the HMW isoform of adiponectin,
resulting in an inaccurate quantification of total adiponectin levels of those participants
carrying the G45R mutation. It is therefore worth noting that caution must be taken when
selecting an antibody-based quantification system to measure serum adiponectin, or any
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protein with multiple isoforms, to ensure the desired isoform(s) is detected. Here, rabbit
polyclonal anti-human adiponectin antibody was used to successfully detect adiponectin
isoforms, but other polyclonal antibodies have been used with similar results. In addition, we
have used a monoclonal anti-human adiponectin antibody and observed nearly identical
results (data not shown). This study underscores the importance of antibody validation for
the intended purpose of an experiment or assay.

Conclusion

In summary, analysis of naturally occurring mutations in AD/POQ reveal insights into
adiponectin biology including a possible compensatory mechanism to explain the clinically
normal phenotype in G45R and R55C carriers who lack the HMW isoform.
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Study Importance Questions

What is already known about this subject?

. The structure of adiponectin and its formation into multimers is well-known.

. The current literature of adiponectin multimers suggests that the high
molecular weight isoform may be the most biologically active and that
changes to this isoform have been shown to be related to increases in insulin
sensitivity. However, it is unclear whether this is a direct or indirect effect.

What does your study add?

. The results of our research suggest that the high molecular weight isoforms
may not be critical for metabolic health, as carriers of two unique AD/POQ
mutations lack the high molecular weight multimers but are not clinically
different from non-carriers.

. It is possible there is a compensatory effect in these carriers, however, given
the corresponding twofold increase in the low molecular weight adiponectin
isoform we observed.
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Figure 1.
(A) IRASFS Hispanic American and (B) IRASFS African American serum samples blotted

under native conditions. Carriers of the G45R mutation (A; Lanes 1-5) and the R55C
mutation (B; Lanes 8, 10, and 11) show a distinctively different isoform pattern from
Hispanic (A; Lanes 6-13) and African American (B; Lanes 1-7, 9, 12, 13) non-carriers. The
HMW isoform is drastically reduced or undetectable in all mutation carriers, and the MMW
isoform is also markedly decreased. However, there is a corresponding increase in the LMW
isoform. It is worth noting that samples in panel A, lanes 6-8 are from Hispanic American
non-carriers, low (RIA) adiponectin levels. These samples display the same isoform pattern
as the Hispanic American normal (RIA) adiponectin level non-carriers (A; Lanes 9-13).
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Figure 2.
Samples from female C57BL/6J mice (Lanes 1-2) and pooled mouse sera (Lane 3). The

predominant isoform detected in the mouse is the MMW hexamer.
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Representative densitometry traces from a Hispanic American G45R carrier (A), a Hispanic
American non-carrier (B), an African American R55C carrier (C), and an African American
non-carrier (D). Both the G45R carrier (A) and the R55C carrier (C) show minimal detection
of the HMW multimers, although the R55C carrier has a small MMW peak. Characteristic
of all carriers, both show a tall broad peak corresponding to the LMW isoform. The non-
carriers (B, D) display the more typical sharp thin HMW peak followed by two small peaks
of lower magnitude, then a narrov MMW peak and a moderately broad LMW peak.

Obesity (Silver Spring). Author manuscript; available in PMC 2017 December 23.



1duosnuen Joyiny 1duosnuen Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Tabb et al.

16

14

12

10

[

<)

IS

N

Page 13

G45R G45, low G45, standard R55C R55, low

Figure 4.
The mean ratio of the high molecular weight isoform to total adiponectin levels. Carriers of

the G45R and R55C variants have markedly smaller HMW to total adiponectin ratios than
non-carriers. Interestingly, the difference between carriers and non-carriers is more
pronounced in the Hispanic Americans than in the African Americans included in this study.
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