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Abstract
Aims/hypothesis Proinflammatory immune cell infiltration in
human adipose tissue is associated with the development of
insulin resistance. We previously identified, via a gene
expression-based genome-wide association study, the cell-
surface immune cell receptor CD44 as a functionally impor-
tant gene associated with type 2 diabetes. We then showed
that, compared with controls, Cd44 knockout mice were
protected from insulin resistance and adipose tissue inflamma-
tion during diet-induced obesity.We thus sought to test whether
CD44 is associated with adipose tissue inflammation and
insulin resistance in humans.
Methods Participants included 58 healthy, overweight/
moderately obese white adults who met predetermined criteria
for insulin resistance or insulin sensitivity based on the mod-
ified insulin-suppression test. Serum was collected from 43
participants to measure circulating concentrations of CD44.

Subcutaneous adipose tissue was obtained from 17 partici-
pants to compare CD44, its ligand osteopontin (OPN, also
known as SPP1) and pro-inflammatory gene expression.
CD44 expression on adipose tissue macrophage (ATM) sur-
faces was determined by flow cytometry.
Results Serum CD44 concentrations were significantly in-
creased in insulin-resistant (IR) participants. CD44 gene ex-
pression in subcutaneous adipose tissue was threefold higher
in the IR subgroup. The expression of OPN, CD68 and IL6
was also significantly elevated in IR individuals. CD44 gene
expression correlated significantly withCD68 and IL6 expres-
sion. CD44 density on ATMs was associated with proinflam-
matory M1 polarisation.
Conclusions/interpretation CD44 and OPN in human adipose
tissue are associated with localised inflammation and systemic
insulin resistance. This receptor–ligand pair is worthy of fur-
ther research as a potentially modifiable contributor to human
insulin resistance and type 2 diabetes.
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qRT-PCR Quantitative real-time PCR
SSPG Steady-state plasma glucose

Introduction

While the link between obesity and insulin resistance has been
firmly established, the causal basis of this association is un-
clear. In humans, the total number of macrophages increases
in adipose tissue in proportion to BMI and adipose cell diam-
eter [1], and polarisation towards a proinflammatory state
(M1) is associated with insulin resistance as measured by the
HOMA [2]. In BMI-matched overweight/obese adults, ex-
pression of inflammatory genes is significantly higher in
insulin-resistant (IR) individuals than in those who are insulin
sensitive (IS) [3]. Genetic association studies have revealed a
great number of genes consistently associated with obesity
and type 2 diabetes [4]. However, these type-2-diabetes-
associated genes do not fully elucidate the mechanisms under-
lying the progression of adipose inflammation and insulin
resistance. We recently performed a gene expression-based
genome-wide association study (eGWAS) in which we carried
out a meta-analysis of genome-wide gene expression data
related to type 2 diabetes, and identified CD44 as the top
candidate gene functionally linked to type 2 diabetes [4].

CD44 encodes a cell-surface glycoprotein, an immune cell
receptor, which is involved in inflammatory cell migration and
activation. CD44 is significantly upregulated in white adipose
tissue in murine obesity [4, 5], and the protein receptor has
been shown to be highly expressed on adipose tissue macro-
phages (ATMs) in humans and mice [4–7]. Multiple studies
have shown that knockout of Cd44 and/or antibody
neutralisation of CD44 in mice prevents macrophage infiltra-
tion and activation in white adipose tissue during high-fat
feeding, and prevents obesity-induced insulin resistance
[4–7]. These studies implicate CD44 as playing a causal role
in both inflammation and insulin resistance in model systems.
In humans, there is scant data but we have previously shown
that serum CD44 levels were positively correlated with
HOMA-IR and HbA1c in Japanese individuals [4] and CD44
gene expression has been detected by others in subcutaneous
adipose tissue in humans [6, 8].

Various ligands for CD44 have been identified, including
osteopontin (OPN; also known as secreted phosphoprotein 1).
OPN has been shown to mediate obesity-associated insulin
resistance in mice, with a high-fat diet leading to increased
Opn expression in ATMs and knockout of Opn, decreasing
both macrophage infiltration into adipose tissue and insulin
resistance [9, 10]. Interestingly, our eGWAS analysis revealed
that Cd44 mRNA expression level was positively correlated
with theOpn (also known as Spp1) mRNA expression level in
obese mice, suggesting that CD44 and OPN may be closely
related in obese adipose tissue. Little data on OPN exists in

humans, but a small study in six individuals who underwent
bariatric surgery showed dramatic and significant decreases in
both CD44 and OPN expression in subcutaneous adipose
tissue as a result of massive weight loss [8].

Clearly these provocative studies in mice and preliminary
studies in humanswarrant further evaluation as to the potential
role of CD44 and its ligand, OPN, inmediating human inflam-
mation and insulin resistance. We tested the hypothesis that
adipose tissue CD44 would be increased in IR compared with
similarly obese IS individuals and that it would correlate with
inflammatory activity in adipose tissue. To explore whether
OPN might play a role in stimulating CD44-mediated inflam-
mation, we also quantified the latter in human adipose tissue.

Methods

Participants A total of 58 participants were studied, com-
prised of two separate cohorts. Cohort 1 had fasting serum
samples taken for measurement of CD44 and cohort 2 had
adipose tissue biopsies for measurement of gene expression
and cell-surface markers to evaluate CD44 and inflammation
in adipose tissue. Those with CD44 expression in adipose
tissue were included in the serum CD44 cohort. All partici-
pants were healthy, overweight/moderately obese adults with
BMI 25–36.9 kg/m2 who were weight stable, non-diabetic
(defined as fasting plasma glucose <6.99 mmol/l (126 mg/dl))
and free from major organ disease or inflammatory conditions.
Exclusions included prior bariatric surgery or liposuction, preg-
nancy, use of glucose-lowering or weight-loss drugs, tobacco
use, and use of immune/inflammation-modulating medications.

Measurement of insulin-mediated glucose uptake Insulin-
mediated glucose uptake was quantified using the octreotide-
modified insulin-suppression test as originally described and
validated [11, 12]. Briefly, after an overnight fast, participants
were infused for 180 min with octreotide, insulin and glucose,
according to body surface area. At steady state (150–180 min),
plasma insulin concentrations are similar for all individuals
(417 pmol/l [60 μU/ml]), and steady-state plasma glucose
(SSPG) concentration provides a direct measure of insulin-
mediated glucose uptake in response to an infused glucose
load; the higher the SSPG concentration, the more insulin re-
sistant the individual. Because SSPG is a continuous measure,
to obtain clear separation of groups, insulin resistance was
defined as SSPG >8.05 mmol/l (145 mg/dl), insulin sensitivity
was defined as SSPG <6.66mmol/l (120mg/dl) and those with
mid-range SSPG levels were excluded. The study was
approved by the Stanford University Human Subjects Com-
mittee and all participants gave written, informed consent.

Subcutaneous adipose tissue biopsy and isolation of stromal
vascular component After an overnight fast, under sterile
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conditions and local anaesthesia, participants underwent sub-
cutaneous periumbilical adipose tissue biopsies by scalpel in-
cision as previously described [3]. Adipose tissue was cleaned
of blood and visible connective tissue and washed with PBS
buffer. A portion of adipose tissue was flash frozen on liquid
nitrogen for measurement of gene expression. Isolation of
adipocytes and stromal vascular cells from remaining tissue
was performed via collagenase digestion using a modification
of the original protocol of Rodbell [13]. Adipose tissue was
mechanically minced and transferred to digestion buffer con-
taining collagenase I, 1 mg/ml, 30 min at 37°C in a shaking
water bath. The cell suspension was then filtered through a
250μmnylonmesh and centrifuged for 5 min at 700g at room
temperature. The resulting cell pellet was collected by further
centrifugation at 700g for 5 min and then incubated in eryth-
rocyte lysis buffer for 10 min at 37°C. PBS with 2% BSAwas
added to the cell suspension following the erythrocyte lysis
procedure.

Flow cytometry to quantify macrophage phenotype A
single-cell suspension of mononuclear cells from fresh adipose
tissue was assayed by multicolour flow cytometry for frequency
and phenotype of macrophages using LSRII flow cytometry
(BD Biosciences, San Jose, CA, USA) and FACSDiva software
(BD, San Jose, CA, USA). Analysis was done using FlowJo
software (FlowJo, LLC,Ashland, OR,USA). Isolated cells were
stained with monoclonal antibodies purchased from either BD
Biosciences and/or BioLegend. (San Diego, CA, USA).
Total macrophages were defined as CD45+HLADR+CD14+

cells. Subsets of interest were further characterised as M1
(CD45+HLADR+CD14+CD206+CD11c+) cells, M2
(CD45+HLADR+CD14+CD206+CD11c−) cells and adipose
tissue monocytes (CD206−CD11c+) [2]. The mean fluorescent
intensity (MFI) of surface marker CD44 was also measured
from each subset of interest. Lineage population (CD3, CD20
and CD56) were excluded from these analyses.

Circulating concentration of CD44 and OPN Fasting
serum human sCD44std (standard soluble CD44) was mea-
sured in a total of 42 samples by using a quantitative ELISA
(Human CD44 instant ELISA, eBioscience San Diego, CA,
USA). Fasting plasma human OPN was measured in a total of
35 samples, in which the circulating CD44 was also measured
by using a quantitative ELISA (Human osteopontin
quantikine ELISA; R&D Systems, Minneapolis, MN, USA).

Quantitative real-time PCR for gene expression Expression
levels of CD44, IL6, CD68 and OPN genes in abdominal
subcutaneous adipose tissue were determined by using quan-
titative real-time PCR (qRT-PCR). Total RNA was extracted
from frozen adipose tissue using TriZol (Invitrogen, Carlsbad,
CA, USA) and the Adipose Tissue RNAeasy kit (Qiagen,
Valencia, CA, USA) according to the manufacturers’

instructions. cDNA was synthesised from total RNA using
High Capacity RNA-to-cDNA kit (Applied Biosystems,
Carlsbad, CA, USA). Gene expression was quantified using
Taqman primers/probes (Applied Biosystems). A threshold
cycle (Ct value) was obtained from each amplification curve,
and a ΔCt value calculated by subtracting the Ct value for
GAPDH from the Ct value for each sample. A ΔΔCt value,
representing relative gene expression, was then calculated by
subtracting the ΔCt value of a single IS individual (control)
[14].

Immunohistochemistry Formalin-fixed paraffin-embedded
sections were stained with antibodies against CD68 (KP1;
ab955, 1:100; Abcam San Francisco, CA, USA), CD3
(N1580, 1:1; DAKO), CD19 (250585, 1:100; ABBIOTEC),
and CD44 (IM7; 553131, 1:100; BD Pharmingen, San Jose,
CA, USA). 3,3′-Diaminobenzidine (DAB) was used as chro-
mogen and haematoxylin as counterstain.We created digitised
images with a BIOQUANT Image Analysis System
(BIOQUANT Image Analysis, Nashville, TN, USA).

Statistical analysis All variables were normally distributed.
Dependent variables of interest (CD44, OPN, IL6 and CD68
gene expression, and circulating CD44 and OPN) in IR vs IS
subgroups were compared by ANCOVA, with adjustment for
BMI. Correlational analyses used multiple linear regression
analysis with adjustment for BMI. Data were expressed as
mean ± SE, and p<0.05 was considered statistically
significant.

Results

Demographic, clinical and laboratory characteristics
Circulating CD44 concentrations were measured in 43 obese
participants (cohort 1) and gene expression and cell-surface
markers for macrophage phenotype in 17 participants
(cohort 2). Demographic, clinical and laboratory characteris-
tics of the IS and IR groups are compared in Table 1. SSPG
concentration by design was significantly higher in the IR
group than in the IS group in both cohorts (cohort 1: 12.21±
2.33 vs 5.28±1.27 mmol/l, p<0.001; cohort 2: 12.34±2.61 vs
5.07±1.35 mmol/l, p<0.001). Also, by design, the IR and IS
groups were not statistically significantly different in terms of
BMI in either cohort. Although there were no significant dif-
ferences in age, race, total cholesterol, triacylglycerol and
LDL-cholesterol concentrations between IR and IS group in
either cohort, the IR group had significantly higher fasting
glucose and lower HDL-cholesterol in comparison with the
IS group (Table 1).

Circulating CD44 concentrations in obese humans To
determine the association of receptor CD44 and insulin
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resistance, we measured CD44 serum levels in 43 moderately
obese participants. Serum CD44 levels were significantly
higher in the IR group than in the IS group (323±91 ng/ml
vs 264±88 ng/ml, respectively, p=0.045) (Fig. 1). In addition,
we measured OPN concentration in plasma samples in 35
moderately obese participants who also had CD44 levels mea-
sured. Plasma OPN levels were significantly higher in the IR
group than in the IS group (48.6±19.8 ng/ml vs 27.9±
21.9 ng/ml, respectively, p=0.017) (ESM Fig. 1).

CD44, OPN and inflammatory gene expression in adipose
tissue To extend the serum findings of CD44 and to further
explore the potential role of OPN in the proinflammatory state
in human obese participants, CD44, OPN, CD68 and IL6
mRNA expression was measured by qRT-PCR in subcutane-
ous adipose tissue obtained from the participants in cohort 2
(Table 1). CD44 gene expression in subcutaneous adipose
tissue was threefold higher in the IR group ( p=0.006)
(Fig. 2a). IL6, CD68 and OPN were also expressed at signif-
icantly higher levels in IR than in IS individuals (Fig. 2b–d).
Correlational analysis between gene expression (Fig. 3)

revealed significant correlations between CD44 and CD68
(p=0.01) and IL6 (p=0.039) (Fig. 3b, c), with a modest but
non-significant correlation betweenCD44 andOPN (p=0.18)
(Fig. 3a) and between OPN and CD68 (not shown) (p=0.09).

We explored within our cohort whether there was an asso-
ciation between BMI and CD44, but found no association in
either serum or adipose tissue (univariate correlation between
BMI and CD44 gene expression, n=17, r=0.08, p=0.76;
correlation between BMI and serum CD44, n=43, r=0.11,
p=0.48).

Analysis of ATMs by flow cytometry To analyse the
polarisation of ATMs, flow cytometry analysis was performed
on ATMs isolated from the stromal vascular cell fraction of
subcutaneous adipose tissue. Total macrophages, defined as
CD45+HLADR+CD14+, were further characterised as M1
(CD11c+CD206+) and M2 (CD11c−CD206+), whereas
CD14+CD206−CD11c+ cells were identified as adipose tissue
monocytes (Fig. 4a). Macrophages sorted according to
proinflammatory (M1) phenotype (vs anti-inflammatory
[M2] phenotype) showed significantly higher expression
of CD44, as measured by MFI (CD44/M1 vs CD44/M2,
p=0.0017, n=15) (Fig. 4b).

Immunohistochemical localisation of CD44 in human
adipose tissue We further investigated the composition of
cell types and the location/expression of CD44 in crown-like
structures. We conducted an immunohistochemical analysis
for CD68 (macrophage marker), CD3 (T cell marker), CD19
(B cell marker) and CD44 in human adipose tissue. We found
that most infiltrating cells in fat tissues were stained with
anti-CD68 and anti-CD44 antibodies, suggesting that many
inflammatory cells in the crown-like structures are macro-
phages and are positive for CD44 (Fig. 5).

Table 1 Demographic and clinical characteristics of the study participants

Characteristic Cohort 1 (serum) Cohort 2 (adipose tissue biopsy)

IS (n=22) IR (n=21) p value IS (n=8) IR (n=9) p value

Age (years) 55±8 58±5 0.19 52.1±9.0 56.8±4.7 0.20

Sex (female/male) 13/9 9/11 0.36 5/3 5/4 0.77

Race (white/African-American) 20/0 17/2 0.28 8/0 9/0 0.81

BMI (kg/m2) 30.5±3.0 31.7±2.7 0.18 30.9±5 32.9±4.6 0.32

SSPG (mmol/l) 5.28±1.27 12.21±2.33 <0.001 5.07±1.35 12.34±2.61 <0.001

Glucose (mmol/l) 5.44±0.49 5.76±0.54 0.08 5.44±0.36 5.71±0.35 0.181

Cholesterol (mmol/l) 4.71±0.94 4.56±0.61 0.64 5.34±1.92 4.94±0.91 0.632

Triacylglycerol (mmol/l) 1.04±0.28 1.46±1.14 0.31 1.0±1.16 1.46±0.06 0.06

HDL-cholesterol (mmol/l) 1.55±0.52 1.15±0.21 0.04 1.55±0.31 1.12±0.24 0.02

LDL-cholesterol (mmol/l) 2.78±0.68 2.73±0.59 0.8 3.6±1.88 3.14±0.95 0.604

Values are presented as n/n or means ± SD

Fig. 1 Circulating CD44 concentrations in white participants. CD44
levels were evaluated by ELISA in serum of IS (n=22) and IR partici-
pants (n=21). Results are expressed as mean±SE. *p<0.05 vs IS
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Discussion

The results of this study highlight a new, potentially important
pathway of inflammation and insulin resistance in humans by
demonstrating that the immunological cell-surface receptor
CD44, and its ligand, OPN, are highly expressed in human
adipose tissue and are significantly increased in IR as
compared with IS overweight/moderately obese individuals.
Furthermore, CD44 expressionwas significantly higher on the
surface of ATMs bearing markers of classical vs alternative
activation, and gene expression of CD44 correlated with that
of IL6 andCD68, lending further support for a role of CD44 in
inciting adipose tissue inflammation.

The current results extend the findings of two small studies
on CD44 in human adipose tissue. One showed that CD44
was abundantly expressed in both subcutaneous and omental
adipose tissue in morbidly obese individuals and that it de-
creased significantly after surgically induced weight loss in six
individuals with follow-up at 2 years [8]. The other study
demonstrated that CD44, while expressed in obese adipose
tissue, was only expressed in non-adipocyte cell subfractions,

including ATMs and stromal vascular subfractions [6]. How-
ever, neither study evaluated the relationship between CD44
and insulin-mediated glucose uptake at the cellular or system-
ic level, inflammation or macrophage activation, although
among six individuals who underwent adipose tissue biopsy
2 years after bariatric surgery the expression of CD44 corre-
lated significantly with that of CD68 [8]. To our knowledge,
our study is the first to directly associate CD44 in human
adipose tissue with insulin resistance, quantified by a
gold-standard test and macrophage activation markers. Fur-
ther, because study participants were matched for BMI, we
were able to isolate the relationship between CD44 and insulin
resistance without confounding by obesity. Thus, the current
findings lend support to the notion that physical characteristics
of adipose tissue, and not simply fat mass per se, contribute to
the development of insulin resistance.

Soluble CD44 shed from cell surfaces exists in normal
human serum. We demonstrated that serum CD44 was asso-
ciated with insulin resistance in 43 overweight and obese in-
dividuals. These results support the observations in adipose
tissue and ATMs, and are consistent with our findings from a

Fig. 2 Relative expression of
CD44, IL6, CD68 and OPN in
subcutaneous adipose tissue of IS
vs IR participants. Relative
expression of CD44 (a), IL6 (IS,
n=7; IR, n=5) (b), CD68 (c) and
OPN mRNA (d) was analysed by
real-time quantitative PCR in the
subcutaneous adipose tissue of
obese participants (IS, n=8; IR,
n=9). Data are presented as mean
±SE for IS vs IR groups, *p<0.05
vs IS

Fig. 3 Correlations between expression of CD44 and OPN, CD68 and
IL6mRNA in human adipose tissue. Correlations between the expression
levels of CD44mRNA andOPN (a, r=0.34, p=0.18), CD68 (b, r=0.61,
p=0.01) and IL6 mRNA (c, r=0.60, p=0.039) were analysed using

Spearman’s rank correlation test. Relative expression of CD44, OPN,
CD68 and IL6 mRNAwas determined by qRT-PCR in the subcutaneous
adipose tissue of obese human participants
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prior study in non-diabetic Japanese adults showing that a
simple index of insulin resistance, as estimated by HOMA,
was correlated with serum CD44 concentrations [4]. These
findings suggest that CD44 protein may be released from IR
adipose tissues into circulation in humans. This may indicate
the significance of CD44 as a possible novel biomarker for
insulin resistance and low-grade adipose tissue inflammation.

While associative in nature, the current findings in humans
extend the observations made in mice, which strongly suggest
that CD44 plays a causal role in both adipose tissue inflam-
mation and insulin resistance. We previously demonstrated an
11-fold increase in adipose tissue expression ofCd44 in obese
as compared with lean mice [4]. Furthermore, knockout of
Cd44 prevented the development of obesity-induced insulin
resistance and glucose intolerance [4, 7], as well as inflamma-
tion in adipose tissue and liver [15, 16]. Recently, we also
found that CD44 is strongly expressed on ATMs in diet-
induced obese mice, and antibody neutralisation of CD44
suppressed visceral adipose tissue inflammation and reduced
hyperglycaemia and insulin resistance as effectively as
metformin and pioglitazone [7]. In addition, RT-PCR showed
that expression of M1 macrophage activation markers (e.g.
CD68, TNF-α, monocyte chemoattractant protein-1 [MCP-1]
and IL-6) was downregulated in adipose tissue of mice treated
with anti-CD44 monoclonal antibody [7]. These data in mice
support the findings of a growing body of in vitro studies
demonstrating that CD44 plays a role in mediating adhesion,

migration and inflammatory cytokine secretion by T lympho-
cytes and macrophages [17–24]. Consistent with the finding
that CD44 on the cell surface is associated with M1 macro-
phage activation by FACS, immunohistochemical localisation
of CD44 in human adipose tissue reveals that CD44-positive
cells are strongly associated with crown-like structures
in human adipose tissue. Based on this evidence and our
current data, we hypothesise that CD44 is a functionally im-
portant molecule on human ATMs, potentiating recruitment
and activation and possibly contributing to systemic insulin
resistance. Further research into the molecular pathways by
which this occurs in human ATMs and adipose cells is
merited.

OPN and hyaluronic acid are known ligands for the CD44
receptor. While hyaluronic acid mediates cell aggregation via
binding with CD44, OPN, stimulates macrophage migration
and inflammatory cytokine secretion primarily via interaction
with CD44 receptor [18, 22–24]. While OPN’s role in regu-
lating bone remodelling has been well studied, its expression
by inflammatory cells and regulation of their function has only
recently been addressed. Recent studies show that OPN is
highly upregulated in adipose tissue in obese mice and
humans [6, 8]. In mice, but not humans, OPN has been linked
to insulin resistance, glucose intolerance and inflammation:
high-fat diet in wild-type C57BL/6 mice for 20 weeks led to
an eightfold increase in adipose tissue OPN expression as well
as increased plasma OPN concentrations, insulin resistance,

Fig. 4 CD44 density in human subcutaneous adipose tissue M1 and M2
macrophages. (a) Flow cytometry phenotype of gated M1
CD11c+CD206+, M2 CD11c−CD206+ ATMs and adipose tissue mono-
cytes (CD11c+CD206−). ATM cells can be separated into three distinct
subpopulations when stained for CD11c and CD206. Yaxis, CD206 cells
stained with APC-A (allophycocyanin-a). (b) CD44 density in phenotype
of M1 (CD11c+CD206+) vs M2 (CD11c−CD206+) ATMs as determined

by flow cytometry. Total macrophages were characterised as
CD45+HLADR+CD14+ cells by flow cytometry. Macrophages sorted
according to proinflammatory (M1) phenotype vs anti-inflammatory
(M2) phenotype showed significantly higher expression of CD44, mea-
sured by MFI (p=0.0017, n=15). Macrophages from IR and IS partici-
pants are indicated by circles and squares, respectively

Fig. 5 Immunohistochemical
analysis of CD44 and immune
cell markers (CD68, CD3 and
CD19) in subcutaneous fat tissue.
Scale bar, 50 μm
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glucose intolerance and adipose tissue inflammation [9].Opn-
knockout mice fed the same diet, despite similar weight and
body-fat gain, were protected from insulin resistance, glucose
intolerance andATM infiltration [9]. In contrast, neutralisation
of OPN prevents obesity-induced inflammation and insulin
resistance in mice [25]. While OPN plasma concentrations
are increased in obese humans, data are not available for the
effect of OPN on insulin resistance in humans. Here we
showed that OPN plasma concentrations are higher in IR
humans independent of obesity.

While it is now well accepted that macrophages infiltrate
subcutaneous and visceral adipose tissue in humans, the
stimuli for macrophage infiltration are not well characterised.
The only well-characterised ligand–receptor pair to date is
MCP-1–C-C motif chemokine receptor type 2 (CCR2),
which, as shown by knockout studies, appears to account for
some but not all macrophage infiltration into adipose tissue
[26]. The described knockout studies for both CD44 and OPN
strongly suggest that this ligand–receptor pair may also be
important for macrophage recruitment and activation in adi-
pose tissue. The current findings that OPN plasma concentra-
tion was higher in IR participants than in IS participants and
that OPN expression in human adipose tissue was strongly
associated with insulin resistance further supports a role for
this CD44 ligand in promoting inflammation and insulin re-
sistance in humans. While its correlation with CD44 expres-
sion in human adipose tissue did not reach statistical signifi-
cance in the current study, in our initial eGWAS study, OPN
was not only one of the top candidate genes predictive of type
2 diabetes but it also correlated highly with CD44 [4].

In conclusion, these novel findings strongly suggest that
CD44 and OPN may represent an important ligand–receptor
pair that determines macrophage infiltration and activation in
human adipose tissue and/or systemic insulin resistance.
Identification of treatments to modify OPN or CD44, or
their interaction, may potentially contribute to the pre-
vention of obesity-induced inflammation and/or insulin
resistance.
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