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Background: South Asians generally have an unfavourable metabolic phenotype compared with white Caucasians, including
central obesity and insulin resistance. The Wnt protein family interacts with insulin signaling, and impaired Wnt signaling is as-
sociated with adiposity and type 2 diabetes mellitus. We aimed to investigate Wnt signaling in relation to insulin signaling in
South Asians compared with white Caucasians.

Methods: Ten Dutch South Asian men with prediabetes and overweight or obesity and 10 matched Dutch white Caucasians were
included. Blood samples were assayed for the Wnt inhibitor sclerostin. Subcutaneous white adipose tissue (WAT) and skeletal
muscle biopsies were assayed for Wnt and insulin signaling gene expression with quantitative reverse transcription polymerase
chain reaction (Clinicaltrials.gov NCT02291458).

Results: Plasma sclerostin was markedly higher in South Asians compared with white Caucasians (+65%, P<0.01). Additionally,
expression of multiple Wnt signaling genes and key insulin signaling genes were lower in WAT in South Asians compared with
white Caucasians. Moreover, in WAT in both ethnicities, Wnt signaling gene expression strongly positively correlated with insulin
signaling gene expression. In skeletal muscle, WNT10B expression in South Asians was lower, but expression of other Wnt signal-
ing and insulin signaling genes was comparable between ethnicities. Wnt and insulin signaling gene expression also positively
correlated in skeletal muscle, albeit less pronounced.

Conclusion: South Asian men with overweight or obesity and prediabetes have higher plasma sclerostin and lower Wnt signaling
gene expression in WAT compared with white Caucasians. We interpret that reduced Wnt signaling could contribute to impaired
insulin signaling in South Asians.
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INTRODUCTION

The incidence of type 2 diabetes mellitus is increasing world-
wide and its morbidity and mortality rates are accompanied by

a high socioeconomical burden [1]. In the South Asian popu-
lation, originally deriving from the Indian subcontinent and
comprising approximately one fifth of the world population,
the prevalence of type 2 diabetes mellitus is particularly high
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[2,3]. This may at least partly be explained by a disadvanta-
geous metabolic phenotype, including central obesity and in-
sulin resistance [4-6]. The underlying cause of this metabolic
phenotype is not yet fully elucidated, but may be related to a
difference in energy metabolism favouring energy storage.

The Wnt family is well-known for its function in embryonic
development and oncogenesis. The canonical route of this sig-
nal transduction pathway comprises endogenous Wnt ligands
that bind to Wnt coreceptors named Frizzleds (FZD) and low-
density lipoprotein receptor-related proteins 5 (LRP5) and 6
(LRP6). Upon binding of Wnt ligands to these receptors,
B-catenin is rescued from being degraded, facilitating its nu-
clear translocation and ultimately inducing transcription of
Wnt target genes [7,8].

Evidence has emerged that Wnt signaling also plays a role in
metabolism, since an impairing mutation in the gene encoding
for LRP6 was found in a family with hyperlipidaemia, type 2
diabetes mellitus and early coronary artery disease [9]. Muta-
tions in various Wnt genes have also been associated with an
increased risk for insulin resistance and type 2 diabetes melli-
tus [10-12]. Moreover, circulating levels of the Wnt inhibitor
sclerostin were shown to be higher in individuals with predia-
betes and type 2 diabetes mellitus compared with normoglyce-
mic individuals [13]. Additionally, the Wnt pathway is in-
volved in adiposity, as mutations that probably impair Wnt sig-
naling are associated with obesity and an increased waist cir-
cumference [14-16]. In vitro studies have indeed shown that
Wht signaling suppresses adipogenesis and favors precursor
cell commitment to other lineages, such as osteoblasts [17].

Altogether, we hypothesized that reduced Wnt signaling
contributes to the increased risk to develop an impaired glu-
cose homeostasis and high body fat percentage in South
Asians. Therefore, we investigated expression levels of both
Whnt and insulin signaling genes in subcutaneous white adi-
pose tissue (WAT) and skeletal muscle as well as plasma
sclerostin levels in South Asian and white Caucasian men with
prediabetes and overweight or obesity.

METHODS

Participants

Ten Dutch South Asian males with prediabetes and overweight
or obesity (body mass index [BMI] 25 to 35 kg/m?’, age 40 to 55
years) and 10 age- and BMI-matched Dutch white Caucasian
males were enrolled in this study. Participants were recruited
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via advertisements in local hospitals and universities. Ethnicity
was defined as having four grandparents of South Asian or
white Caucasian origin. To define South Asian ethnicity, we
here adopted the geographical area of South Asia applied by
the United Nations, with the exception of Iran (i.e., Afghani-
stan, Bangladesh, Bhutan, India, The Maldives, Nepal, Paki-
stan, and Sri Lanka) [18]. Participants underwent a medical
screening including their medical history, a physical examina-
tion, blood chemistry tests and an oral glucose tolerance test
(OGTT) to exclude individuals with undiagnosed type 2 dia-
betes mellitus according to 2014 American Diabetes Associa-
tion criteria. Prediabetes was defined as having either a fasting
plasma glucose level between 5.6 and 6.9 mmol/L or a plasma
glucose level between 7.8 and 11.1 mmol/L at 2 hours after the
OGTT [19]. Exclusion criteria included uncontrolled hyper-
tension, hyper- or hypothyroidism, liver or kidney dysfunc-
tion, rigorous exercise, smoking and use of 3-blockers. Three
South Asians were using antihypertensive medication before
and during the study, two of whom used an angiotensin-con-
verting enzyme inhibitor and one of whom used an angioten-
sin II-receptor blocker. The Medical Ethical Committee of the
Leiden University Medical Center (LUMC) and Maastricht
University Medical Center (MUMC) approved the study pro-
tocol (P14-252). The study was undertaken in accordance with
the principles of the revised Declaration of Helsinki (2013) and
in accordance with the Medical Research Involving Human
Subjects Act (WMO). All volunteers provided written in-
formed consent prior to participation.

Study design

This study was part of a randomized clinical trial aiming to in-
vestigate the effects of L-arginine on brown adipose tissue me-
tabolism (clinical trial registration number: NCT02291458).
The study was conducted between November 2014 and Octo-
ber 2015 at the LUMC and MUMC. Participants were instruct-
ed to refrain from intense physical exercise for 48 hours prior
to the experiment and consumed a standardized evening meal
the day before the experiment. After a 10-hour overnight fast,
body composition was determined by dual X-ray absorptiom-
etry (Discovery A; Hologic, Marlborough, MA, USA) and a
cannula was placed into the right antecubital vein for blood
withdrawal. A fasting skeletal muscle biopsy from the muscu-
lus vastus lateralis and a subcutaneous WAT biopsy from the
umbilical region were obtained under localized anaesthesia.
Biopsies were frozen and stored at —80°C until further analyses.
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Quantitative reverse transcription polymerase chain
reaction

Skeletal muscle and WAT biopsies were homogenized in 1 mL
TriPure RNA Isolation reagent (Roche, Mannheim, Germany)
and RNA was extracted according to the manufacturer’s in-
structions. One microgram (1 ug) RNA was reverse-tran-
scribed using a Promega solution kit (Promega, Madison, WT,
USA) for cDNA synthesis. Quantitative reverse transcription
polymerase chain reaction (QRT-PCR) was performed with a
CFX96 PCR device (Bio-Rad, Hercules, CA, USA) using SYBR
green (Promega). Primer sequences of genes involved in Wnt
and insulin signaling as well as housekeeping genes are listed
in Supplementary Table 1. mRNA expression was normalized
to ribosomal protein S18 (RPS18) for WAT and LRP10 for
skeletal muscle, and expressed as arbitrary units for South
Asians compared with White Caucasians using the AACT
method. Due to insufficient RNA yield, data on WAT of one
South Asian and one white Caucasian participant were exclud-
ed, as well as data on skeletal muscle of one white Caucasian
participant.

Laboratory measurements

Plasma sclerostin was measured with an electrochemilumines-
cence assay (MSD 96-Well MULTI-ARRAY Human Sclerostin
Assay; Meso Scale Diagnostics, Rockville, MD, USA), as de-
scribed previously [20]. Plasma glucose, total cholesterol and
triglycerides were measured with an automated spectropho-
tometer (ABX Pentra 400 autoanalyzer; HORIBA, Kyoto, Ja-
pan) with enzymatic colorimetric kits. Plasma insulin was de-
termined with commercially available radioimmunoassay kits
(human insulin-specific radioimmunoassay, MilliporeSigma,
Burlington, MA, USA). Plasma glycosylated hemoglobin
(HbA1c) was measured with ion exchange chromatography
(Tosoh G8 HPLC analyser; Sysmex, Kobe, Japan).

Statistical analysis

Statistical analysis were performed with PASW Statistics ver-
sion 23.0 for Windows (IBM, Armonk, NY, USA). Baseline
characteristics, plasma concentrations, and gene expression
levels were compared between South Asians and white Cauca-
sians with two-sided independent sample ¢-tests. Linear re-
gression analysis was used to perform correlations between
Wnt and metabolic parameters. In case of interaction between
ethnicity and the correlated parameters, linear regression anal-
ysis was performed for South Asians and white Caucasians
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separately by including ethnicity as a covariate. No adjust-
ments (for e.g., BMI or age) were made, as participants were
matched for these parameters. Data are presented as meant+
standard error of the mean, unless states otherwise. A P<0.05
was considered statistically significant.

RESULTS

Clinical characteristics

Participant characteristics are summarized in Table 1. In this
study, all South Asian subjects were Surinamese-Hindustani
with grandparents originating from the Indian subcontinent.
All white Caucasians were native Dutch. South Asians and
white Caucasians were comparable with respect to age and
BMLI, as they were matched for these criteria. Plasma glucose,
insulin, HbA1c and lipid levels as well as body fat percentage
did not statistically significantly differ between South Asians
and white Caucasians in this study.

Plasma sclerostin levels are higher in South Asians, while
bone mass is not affected

Firstly, we determined plasma sclerostin, a circulating inhibi-
tor of the Wnt signaling pathway (Fig. 1). Sclerostin levels were
markedly higher in South Asians compared with white Cauca-
sians (8148 pg/mL vs. 49+6 pg/mL, P<0.01, respectively). This

Table 1. Participant characteristics

White Caucasians South Asians

Characteristic (n=10) (n=10)
Age, yr 48+6 47+7
Body weight, kg 99.9+12.5 93.0+12.1
BMI, kg/m’ 30.7£3.9 30.1£3.3
Fat mass, % 30.1£3.1 31.2+4.1
Bone mineral content, kg 3.0+0.4 2.840.2
Total bone mineral density, g/cm’ 1.26£0.07 1.25£0.1
Glucose, mmol/L 5.7+0.7 5.6+0.5
Insulin, mU/L 16.8£6.7 20.3£15.0
HbA1c, mmol/mol 36.0+2.7 38.3+3.3
HbAlc, % 54+0.3 57+0.3
HOMAI-IR 42+19 49+38
Triglycerides, mmol/L 1.5£0.5 1.6+0.7
Total cholesterol, mmol/L 5.6+£0.9 5.5+£0.8

Values are presented as mean + standard deviation.
BMI, body mass index; HbAlc, glycosylated hemoglobin; HOMA1-
IR, homeostasis model assessment 1 of insulin resistance.
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Fig. 1. Plasma sclerostin levels in white Caucasian and South
Asian men. Data are expressed as mean. Error bars show stan-
dard error of the mean. *P<0.01 South Asians vs. white Cauca-
sians.
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was not accompanied by a difference in bone mass between
South Asians and white Caucasians, as indicated by a similar to-
tal bone mineral density (1.25+0.03 g/cm’ vs. 1.26+0.02 g/cm’,
P=0.75, respectively). Plasma sclerostin levels negatively cor-
related with plasma glucose (R*=-0.20, P<0.05) (Supplemen-
tary Fig. 1A). We did not observe correlations between plasma
sclerostin levels and plasma insulin (Supplementary Fig. 1B),
HbAIc (Supplementary Fig. 1C), homeostasis model assess-
ment 1 of insulin resistance (HOMA1-IR) (Supplementary
Fig. 1D), or fat mass (data not shown).

‘Wnt signaling gene expression is lower in white adipose
tissue of South Asians
To study whether Wnt signaling is altered in metabolic tissues,
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Fig. 2. Gene expression of key players in Wnt and insulin signaling in (A, B) white adipose tissue (WAT) and (C, D) skeletal muscle
(SM) in white Caucasian and South Asian men. Data are expressed as mean. Error bars show standard error of the mean. Black bars
are South Asians and white bars are white Caucasians. WNT10B, wingless-type MMTYV integration site family; FZD, Frizzleds;
LRP, low-density lipoprotein receptor-related protein; DVL2, dishevelled segment polarity protein 2; GSK3B, glycogen synthase ki-
nase 3 beta; CTNNBI, catenin beta 1; TCF7L2, transcription factor 7 like 2; INSR, insulin receptor; TBC1D4, TBC1 domain family
member 4; SLC2A4, solute carrier family 2 member 4; GYSI, glycogen synthase 1. *P<0.05, *P<0.001, °P<0.1, South Asians vs.

white Caucasians.
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Fig. 3. Correlations between expression of Wnt signaling coreceptors low-density lipoprotein receptor-related proteins 5 (LRP5)
and 6 (LRP6) and insulin signaling genes (A, B) insulin signaling receptor (INSR), (C, D) TBC1 domain family member 4
(TBC1D4), (E, F) solute carrier family 2 member 4 (SLC2A4), and (G, H) glycogen synthase 1 (GYSI) in white adipose tissue (WAT)
in South Asian and white Caucasian men. Correlations are shown for both groups combined, black circles are South Asians and
white circles are white Caucasians. Dotted lines represent 95% confidence interval.

we investigated expression of Wnt family genes in WAT and
skeletal muscle. In addition, we investigated insulin signaling
gene expression in both tissues.

In WAT, expression of Frizzled class receptor 1 (FZD1) (-34%,
P<0.05) as well as LRP5 (-44%, P<0.05) and LRP6 (-30%, P<
0.05) were lower in South Asians compared with white Cauca-
sians (Fig. 2A). Furthermore, gene expression of the intracellu-
lar signal transducer glycogen synthase kinase 3 beta (GSK3B)
(-33%, P<0.05) and the transcription factor 7 like 2 (TCF7L2)
(-45%, P<0.05) were lower in South Asians (Fig. 2A). Multiple
genes involved in insulin signaling (insulin receptor [INSR]
-31%, P<0.05; TBC1 domain family member 4 [TBCID4]
-29%, P<0.05; solute carrier family 2 member 4 [SLC2A4]
-38%, P<0.05; and glycogen synthase 1 [GYS1] -46%, P<0.05)
were also expressed to a lower extent in WAT of South Asians
compared with white Caucasians (Fig. 2B). In skeletal muscle,
besides a marked lowering of WNT10B expression (-73%,
P<0.001), genes involved in Wnt signaling did not differ be-
tween South Asians and white Caucasians (Fig. 2C). Genes in-
volved in insulin signaling were also not differentially ex-
pressed in skeletal muscle between South Asians and white
Caucasians (Fig. 2D).
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Wnt and insulin signaling gene expressions strongly and
positively correlate in white adipose tissue

To investigate whether the lower Wnt signaling gene expres-
sion in WAT of South Asians could be related to impaired in-
sulin signaling, we performed correlation analysis between ex-
pression of Wnt genes and insulin signaling genes.

We observed a strong positive correlation between expres-
sion of multiple Wnt family genes and key insulin signaling
genes in WAT. Both LRP5 and LRP6 expression strongly corre-
lated with INSR (LRP5 R*=0.77, P<0.0001; LRP6 R*=0.47,
P<0.001) (Fig. 3A and B), TBC1D4 (LRP5 R*=0.67, P<0.0001;
LRP6 R*=0.61, P<0.001) (Fig. 3C and D), SLC2A4 (LRP5
R*=0.59, P<0.001; LRP6 R*=0.62, P<0.0001) (Fig. 3E and F)
and GYSI (LRP5 R*=0.85, P<0.0001; LRP6 R*=0.74, P<0.0001)
(Fig. 3G and H) expression. In addition, we observed positive
correlations between expression of FZD1I, frizzled class recep-
tor 8 (FZD8), dishevelled segment polarity protein 2 (DVL2),
TCF7L2, AXIN2, and GSK3B and insulin signaling genes (data
not shown). For skeletal muscle, we also observed positive cor-
relations between expression of LRP6 and TBC1D4 (R*=0.39,
P<0.01) (Supplementary Fig. 2D), SLC2A4 (R*=0.43, P<0.01)
(Supplementary Fig. 2F), and GYSI (R*=0.31, P<0.05) (Sup-
plementary Fig. 2H). Additionally, expression of LRP5 posi-
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tively correlated with TBC1D4 (R*=0.68, P<0.01) (Supple-
mentary Fig. 2C) and SLC2A4 (R*=0.68, P<0.01) (Supplemen-
tary Fig. 2E) in skeletal muscle only in South Asians. Further-
more, expression of DVL2, catenin beta 1 (CTNNBI), TCF7L2,
AXIN2, and GSK3B also positively correlated with insulin sig-
naling genes in skeletal muscle (data not shown). We did not
observe overt correlations between LRP5 or LRP6 and INSR
(Supplementary Fig. 2A and B, respectively), and LRP6 and
GYSI (Supplementary Fig. 2G).

DISCUSSION

Impaired Wnt signaling is associated with obesity and type 2
diabetes mellitus. As South Asians generally have a high body
fat percentage and are at risk for the development of type 2 dia-
betes mellitus, we hypothesized that Wnt signaling is reduced
in South Asian men compared with white Caucasian men. We
showed that plasma sclerostin was higher in South Asians
without evident effect on its primary target, bone. Additionally,
expression of various Wnt family genes in WAT was lower in
South Asians than in white Caucasians and this was accompa-
nied by a lower expression of insulin signaling genes. More-
over, there was a strong positive correlation between expres-
sion of Wnt family genes and insulin signaling genes in WAT.
These observations suggest that Wnt and insulin signaling in
WAT are associated and that lower Wnt signaling might, at
least in part, affect insulin signaling in South Asians.

Sclerostin is a glycoprotein produced predominantly by ma-
ture osteocytes within the mineralized bone matrix, that nega-
tively regulates bone formation via inhibiting canonical Wnt
signaling [21,22]. We observed higher sclerostin levels in
South Asians compared with white Caucasians. Whether these
higher sclerostin levels are due to increased production by os-
teocytes or decreased renal or hepatic elimination, is un-
known. Of note, as sclerostin is suggested to be involved in ar-
terial stiffness and vascular calcifications [23,24], we critically
looked at the plasma sclerostin values of the three South Asian
participants with well-controlled hypertension, but these were
well within the range of the study population. Interestingly,
previous studies showed that circulating sclerostin levels are
higher in individuals with prediabetes and diabetes compared
with normoglycemic individuals, and that sclerostin levels
positively correlate with HbAlc and HOMA-IR [13,25-29], al-
beit we could not reproduce this in our study. We observed a
negative correlation between plasma sclerostin and glucose
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levels, which is against our hypothesis that sclerostin negatively
affects glucose homeostasis. However, this fairly weak correla-
tion does not necessarily reflect the effect of altered insulin sig-
naling by sclerostin-induced Wnt inhibition. Moreover, our
sample size is limited and previous studies show inconsistent
results in different study populations [13,27-30]. The mecha-
nism by which sclerostin may affect insulin signaling and glu-
cose homeostasis remains to be established, but likely involves
Wnt signaling.

To further investigate Wnt signaling in metabolic tissues, we
obtained WAT and skeletal muscle biopsies. Firstly, we consis-
tently observed lower expression of genes involved in Wnt sig-
naling (FZD1, LRP5, LRP6, GSKS3B, and TCF7L2) in WAT of
South Asians compared with white Caucasians. Notably, inhi-
bition of canonical Wnt signaling by sclerostin favors differen-
tiation of adipocytes over osteoblastogenesis [31,32]. In line
with this, in vivo evidence showed that mice with overexpres-
sion of sclerostin indeed have reduced WAT expression of
genes involved in Wnt signaling and increased expression of
genes involved in adipocyte differentiation, together with adi-
pocyte hypertrophy, fat mass accumulation and an impaired
glucose homeostasis, whereas the opposite was observed for
Sost™”” mice and mice administered a sclerostin-neutralizing
antibody [31]. Based on these observations, we speculate that
impaired Wnt signaling contributes to the central adiposity
that is commonly observed in South Asians. Whether these al-
terations in the Wnt pathway are congenital or possibly in-
duced by increased sclerostin levels later in life, remains to be
explored. Interestingly, Karczewska-Kupczewska et al. [33]
also previously showed in an euglycemic clamp study that ex-
pression of various Wnt signaling genes in WAT was lower in
nondiabetic individuals with low versus high insulin sensitivi-
ty. Indeed, in our study expression of key insulin genes (INSR,
TBC1D4, SLC2A4, and GYS1I) in WAT was also lower in South
Asians compared with white Caucasians, suggesting that Wnt
and insulin signaling in WAT are associated and that lower
Wnt signaling might partially reduce insulin signaling in South
Asians.

Aside from a markedly lower WNTI10B expression, we did
not observe overt differences in skeletal muscle with respect to
Wnt and insulin signaling gene expression between South
Asians and white Caucasians. It is not unlikely that the canoni-
cal Wnt pathway is more involved in adipogenic insulin signal-
ing, as adipocytes and osteoblasts share a direct common cel-
lular progenitor and the involvement of Wnt signaling in adi-
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pogenesis is well established [34]. Possibly, Wnt signaling in
skeletal muscle is influenced more by other Wnt ligands than
sclerostin. Alternatively, Wnt signaling in skeletal muscle
might be more regulated by other pathways, including the
non-canonical pathway. However, Wnt signaling is likely to af-
fect insulin signaling and sensitivity in skeletal muscle to some
extent, as human carriers of an LRP6 loss-of-function muta-
tion have impaired skeletal muscle insulin sensitivity and insu-
lin signaling [11]. In addition, Kim et al. [31] showed that
Sost™” mice had increased skeletal muscle insulin sensitivity
compared with control mice, despite unaltered Wnt signaling
gene expression in this tissue. In concordance, serum scleros-
tin levels positively correlated with skeletal muscle and adipose
tissue insulin resistance in a hyperinsulinemic-euglycemic
clamp study in human subjects with either normoglycemia or
prediabetes [13]. Alternative mechanisms that may contribute
to peripheral insulin resistance in South Asians are a pro-in-
flammatory status, including downregulation of genes in-
volved in anti-inflammatory type 1 interferon signaling in
WAT and skeletal muscle [35], lower adiponectin levels
[36,37], as well as a lower skeletal muscle oxidative capacity
[38] and cardiorespiratory fitness compared with white Cauca-
sians [39].

Although we cannot draw conclusions regarding causality in
the current study set-up, we observed strong correlations be-
tween expression of various Wnt family genes, including Wnt
coreceptors LRP5 and LRP6, and insulin signaling gene ex-
pression in WAT, and to a lesser extent in skeletal muscle. This
is in line with evidence showing that Wnt and insulin signaling
are intertwined in WAT, as Palsgaard et al. [40] have shown
that knocking down LRP5 in murine preadipocytes resulted in
reduced phosphorylation of insulin signaling proteins. Wheth-
er this is a result of direct interaction between LRP5 and the
insulin receptor or due to a mutual downstream docking pro-
tein is yet to be unraveled. However, when knocking down
LRP5 in human stromovascular cells, Loh et al. [16] did not
observe differences in insulin receptor expression or insulin
signaling pathway activity.

To the best of our knowledge, this is the first study investi-
gating Wnt signaling and its link with glucose homeostasis in
South Asians. A strong point of this study is our ability to in-
vestigate Wnt signaling on a tissue-specific metabolic level.
Unfortunately, no waist and hip circumference measurements
were obtained; therefore, we cannot explore Wnt signaling in
relation to body fat distribution in this cohort. The fact that we
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did not observe correlations between plasma sclerostin levels
and HbA1c and HOMA1-IR may be due to our relatively small
sample size, as such correlations have repeatedly been shown
in larger cohorts. Although we did not observe evident differ-
ences in socioeconomical factors between South Asians and
white Caucasians, we cannot exclude that socioeconomical
status contributed to metabolic differences between ethnicities
in this study. It is important to note that the results in these Su-
rinamese-Hindustani cannot be directly extrapolated to other
Asian subgroups, as metabolic characteristics differ between
Asian populations [41].

To conclude, we show that circulating sclerostin levels are
higher and expression of Wnt signaling genes is lower in WAT
of South Asian men with prediabetes and overweight or obesi-
ty compared with white Caucasian men. Therefore, we specu-
late that Wnt signaling in adipose tissue might be reduced in
South Asians, which could contribute to their susceptibility to
develop a disadvantageous metabolic phenotype, including in-
sulin resistance. Future research investigating the interaction
between Wnt and insulin signaling is warranted to reveal
whether Wnt targeting therapy, such as sclerostin antibodies,
can improve insulin sensitivity in South Asians.
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Supplementary Table 1. Primer sequences for quantitative reverse transcription polymerase chain reac-
tion on white adipose tissue and skeletal muscle

Forward primer sequence

Reverse primer sequence

AXIN2
CINNBI
DVL2
FZD1
FZD8
GSK3B
GYS1I
INSR
LRP5
LRP6
LRP10
RPS18
SLC2A4
TBCI1D4
TCF7L2
WNTI0B

CCACACCCTTCTCCAATCC
TTGGATATCGCCAGGATGAT
TATTTCACTCTCCCCCGAAA
CGGCAAGACCCTCAACTC
CGCCACGCGTTAATTTCT
TCTTCAACTTCACCACTCAAGAA
TGGGGCTACACACCGGCTGA
GGGCAACGGCTCTTGGACGG
Commercially available via QIAGEN
Commercially available via QIAGEN
CAGACTGTCACCATCAGGTTC
AGGATCCATTGGAGGGCAAGT
GGCTGGAGTCCTGCTTCTGCAC
GCTACCTCTACATCATCCAGAATCTC
TGAACACAGCGAATGTTTCC
CCCAGGACACATGGGAAT

TGCCAGTTTCTTTGGCTCTT
CATGGGGTCCATACCCAAG
GGAAGGTGCCAGTCAGAGC
CCTTGTTTGCTGTTGGTGAG
ATCTCGGGTTCTGGAAACG
CCGAGCATGAGGAGGAATAA
GCGGAACCGCCGGTCAAGAA
CGGCCCATCTGGCTGCCTCTT
Commercially available via QIAGEN
Commercially available via QLAGEN
GAGAGGGGAGCGTAGGGTTA
TCCAACTACGAGCTTTTTAACTGCA
GCTGGTACATTTGAATCTGCAGCGA
CCAGAAACATCGGCCCA
CTGTTGATCAAGGCCAAAGC
TCCAAGAAATCCCGAGAGAA

CTNNBI, catenin beta 1; DVL2, dishevelled segment polarity protein 2; FZD, Frizzleds; GSK3B, glycogen synthase
kinase 3 beta; GYS1, glycogen synthase 1; INSR, insulin signaling receptor; LRP, low-density lipoprotein receptor-
related protein; RPSI8, ribosomal protein S18; SLC2A4, solute carrier family 2 member 4; TBC1D4, TBC1 domain
family member 4; TCF7L2, transcription factor 7 like 2; WNT10B, wingless-type MMTYV integration site family.
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Supplementary Fig. 1. Correlations between plasma sclerostin levels and (A) fasting plasma glucose, (B) insulin, (C) glycosylated
hemoglobin (HbA1c), and (D) homeostasis model assessment 1 of insulin resistance (HOMA1-IR) in South Asian and white Cau-
casian men. Black circles are South Asians and white circles are white Caucasians. Dotted lines represent 95% confidence interval.
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Supplementary Fig. 2. Correlations between expression of Wnt signaling coreceptors low-density lipoprotein receptor-related pro-
teins 5 (LRP5) and 6 (LRP6) and insulin signaling genes (A, B) insulin signaling receptor (INSR), (C, D) TBC1 domain family
member 4 (TBCI1D4), (E, F) solute carrier family 2 member 4 (SLC2A4), and (G, H) glycogen synthase 1 (GYSI) in skeletal muscle
(SM) in South Asian and white Caucasian men. Correlations are shown for both groups combined and per ethnicity in case of in-
teraction. Black circles are South Asians and white circles are white Caucasians. Dotted lines represent 95% confidence interval.
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