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An enlarged adipose tissue (AT) mass, as seen in obesity, is
related to the onset of insulin resistance that further perpetu-
ates a constellation of life-threatening metabolic diseases such as
type 2 diabetes, cardiovascular diseases and some forms of cancer.
While understanding the expansion of a regional adipose tissue
mass helps to delineate the specific cellular processes promoting
health and disease, the adipocytes regulating the mass of an AT
depot are differentiated from the tissue-resident adipocyte precur-
sor cells (APCs) whose identity in humans remain largely unknown.
Hence, we aimed to identify the human APCs located within
the regional AT depots obtained from visceral, abdominal sub-
cutaneous and gluteal-femoral regions to assess their adipogenic
potential, metabolic properties and any correlations with metabolic
disease.

We have discovered that human AT consists of three trans-
criptionally (RNASeq) distinct APCs in the lineage depleted
(CD31−CD45−) stromal vascular fraction (SVF) using fluorescent
activated cell sorting technology and termed them as CD34−,
CD34lo and CD34hi APCs. All three precursor cells differentiated
into mature adipocytes in vitro. Freshly sorted human CD34hi APCs
formed mature adipocytes when xenotransplanted into immuno-
deficient mice and the assessment of in vivo adipogenesis of CD34−

and CD34lo APCs is still ongoing.
Rates of lipolysis, fatty acid uptake were higher in CD34hi com-

pared with CD34− and CD34lo APC-derived adipocytes in vitro,
the latter having very low fatty acid turnover. Interestingly, only
the CD34− adipocytes displayed enhanced thermogenic potential
in vitro. Importantly, the proportion of CD34hi APCs was higher and
CD34− APCs was lower in the AT of individuals with type 2 diabetes,
suggesting that dysregulated lipolysis commonly observed in these
individuals may be attributed to alterations in APC abundance.

Summarily, we have identified three distinct bona fide APCs
varying in their metabolic capacities and distribution in metaboli-
cally healthy and non-healthy adipose tissue depots.
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Small molecule mitochondrial uncouplers decrease oxidative
efficiency resulting in increased nutrient oxidation and decreased
mitochondrial reactive species production. Mitochondrial uncou-
plers have demonstrated anti-obesity effects in humans and protect
from fatty liver disease in rodents. However, most mitochondrial
uncouplers have limited use in the clinic due to their narrow thera-
peutic window between efficacy and toxicity. The on-target activity
of mitochondrial uncouplers is the mitochondrial inner membrane;
however, most uncouplers have unwanted off-target activity at
other cellular membranes resulting in undesired effects including
plasma membrane depolarization. Recently, we identified several
new classes of mitochondrial uncouplers that do not depolarize
the plasma membrane at concentrations needed to drive maximal
mitochondrial respiration. Several molecules reverse obesity and
insulin resistance in mice fed a Western Diet, and decrease non-
alcoholic fatty liver disease activity score by 2 points in a mouse
model of steatohepatitis. Importantly, these effects occur with-
out decreased food intake or loss of lean body mass. These new
mitochondrial uncouplers have a broad therapeutic window in vivo
and may represent new therapeutic treatments for obesity and its
related metabolic disorders.
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Activation of protein kinase C epsilon (PKC�) in the liver has
been widely associated with hepatic insulin resistance. PKC� is pro-
posed to inhibit insulin signalling through phosphorylation of the
insulin receptor. We tested this directly using “floxed” PKC� mice
bred with mice expressing Cre recombinase under the control of the
cytomegalovirus, albumin, lysozyme M or adiponectin promoters
to generate global, liver-, macrophage- and adipose tissue-specific
PKC� knockout (KO) mice. Global deletion of PKC� recapitulated
the benefits for diet-induced glucose intolerance that we previ-
ously described using conventional PKC� KO mice. However, we did
not detect PKC�-dependent alterations in hepatic insulin receptor
phosphorylation. Neither macrophage- nor liver-specific KO mice
were protected against diet-induced glucose intolerance or insulin
resistance determined by euglycemic clamp. In contrast, adipose
tissue-specific KO mice did exhibit improved glucose tolerance,
but phosphoproteomics revealed no PKC�-dependent effect on
the activation of canonical insulin signaling pathways. Instead, we
observed altered phosphorylation of proteins associated with cell
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junctions and endosomes, suggesting a role in endocrine function.
This was linked to changes in hepatic expression of several genes
linked to glucose homeostasis and lipid metabolism. The primary
effect of PKC� on glucose homeostasis is, therefore, not exerted
directly in the liver as currently posited. However, PKC� activity
in adipose tissue modulates glucose tolerance and is involved in
crosstalk with the liver.
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Advances in mass spectrometry and lipidomics techniques are
providing new insights into the role of lipid metabolism in obesity
and its metabolic sequelae. However, human lipidomic studies have
produced inconsistent results, owing in part to the use of indirect
proxy measures of obesity and insulin resistance and the relatively
limited coverage of the lipidome. Here, we explored the relation-
ship between the plasma lipidome and metabolic profiles using
direct gold-standard measures of adiposity, insulin sensitivity, and
insulin secretion, in addition to comprehensive lipidomic profiling
(>450 species) and measurement of inflammatory cytokines and
adipokines. We present new evidence showing a strong and inde-
pendent positive correlation between the lysophosphatidylinositol
(LPI) lipid class and insulin secretion in vivo in humans, suppor-
ting the insulinotropic effects of LPI demonstrated in mouse islets.
Dihydroceramide, a sphingolipid precursor, was independently and
negatively correlated with insulin sensitivity, indicating a possi-
ble upregulation in sphingolipid synthesis in obese individuals.
We also show that phosphatidylethanolamine and its vinyl ether-
linked (plasmalogen) derivatives correlate negatively with body fat,
while dihexosylceramide correlates positively with interleukin-10.
Together, these lipid classes may signify early pathogenesis toward
type 2 diabetes and could serve as novel therapeutic targets or
biomarkers for identification of high-risk individuals.
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Predicting rate of progression and identifying those most at
risk of adverse metabolic health is difficult and often associ-
ated with environmental, lifestyle, and dietary factors. Importantly
site of lipid deposition, including ectopic ‘overspill’ into key
organs, increases metabolic risk. We investigated susceptibility to
type 2 diabetes (T2D) in healthy and prediabetic Asian Chinese
(N = 209) and European Caucasian (N = 156) adults resident in Auck-
land, enrolled in the TOFI Asia Study; within the Peak Nutrition
for Metabolic Health (PANaMAH) program, one of four priority
research platforms in the New Zealand National Science Challenges
(NSC).

Phenotypic characterisation of the 2 ethnicity cohorts, using
anthropometry, body composition (dual energy X-ray absorp-
tiometry, DXA) and blood biochemistry revealed that although
of similar age and body mass index (BMI), Chinese (Mean ± SEM,
42 ± 1 yrs; 27.4 ± 0.3 kg/m2) had significantly greater abdominal
fat (42.0 ± 0.6% vs 37.0 ± 1.1%, p < 0.01) than Caucasian (43 ± 1 yrs;
26.9 ± 0.4 kg/m2) with correspondingly higher fasting plasma glu-
cose (FPG) concentrations (5.4 ± 0.04 mmol/l vs 5.0 ± 0.04 mmol/l,
p < 0.001) and glycated haemoglobin, HbA1c (36.0 ± 0.3 mmol/mol
vs 33.0 ± 0.3 mmol/mol, p < 0.05). In addition, pancreatic and liver
fat were quantified, using magnetic resonance imaging (MRI)
and spectroscopy (MRS), in a subset of 36 Chinese (41 ± 2 yrs;
26.9 ± 0.7 kg/m2) and 34 Caucasian (48 ± 3 yrs; 28.0 ± 0.7 kg/m2)
women from the cohort. These overweight, younger Asian Chinese
had significantly lower MRI-determined abdominal and subcuta-
neous fat (p < 0.05) but pancreas (4.3 ± 0.3%) and liver (11.0 ± 1.7%)
fat matched that, or tended to be higher than, Caucasian (pancreas:
4.1 ± 0.3%; liver: 8.1 ± 1.7%). Importantly, fat in pancreas (Chinese:
R2 = 0.10, p = 0.09; Caucasian: R2 = 0.28, p = 0.001) and liver (Chinese:
R2 = 0.12, p = 0.04; Caucasian: R2 = 0.11, p = 0.05) were positively cor-
related with FPG. The Thin on the Outside Fat on the Inside ‘TOFI’
profile observed in this Asian Chinese cohort, may contribute to
their greater risk of poor metabolic health compared to Caucasian
counterparts even in individuals of the same BMI and younger age.
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