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Abstract
Aims/hypothesis Obesity is associated with insulin resistance
and inflammation. The circulating human mononuclear cell
(MNC) has been shown to respond to low-dose insulin
infusion. We have now investigated whether in obesity: (1)
phosphorylated insulin receptor beta subunit (p-INSR-β) is
reduced in the MNC; (2) pro-inflammatory mediators
including inhibitor of kappa light polypeptide gene enhancer
in B cells-kinase beta (IKBKB), suppressor of cytokine
signalling-3 (SOCS) and protein kinase C-beta 2 (PRKCB2)
are increased and related to p-INSR-β; and (3) the reduction
in MNC p-INSR-β is related to the reduction in insulin
sensitivity.
Materials and methods MNCs were prepared from fasting
blood samples of 16 normal weight and 16 obese female
subjects.
Results Our data show that p-INSR-β is reduced significantly
in MNCs from obese subjects compared with that of normal
controls. MNCs from obese subjects have higher IKBKB
expression, increased nuclear factor kappa B (NFκB) binding
and higher mRNA expression of TNFAIP1 and IL6 genes.
NFκB binding, TNFAIP1 mRNA and plasma C-reactive

protein are inversely related to p-INSR-β. PRKCB2 mRNA
and protein expression were significantly higher in the obese
subjects and were related significantly to pro-inflammatory
mediators but not to p-INSR-β. SOCS3 mRNA expression
was markedly elevated and positively related to pro-
inflammatory mediators including IKBKB and PRKCB2
on the one hand and inversely related to p-INSR-β on the
other.
Conclusions/interpretation We conclude that in obesity the
MNC is characterised by reduced p-INSR-β and increased
inflammatory mediators including IKBKB, PRKCB2 and
SOCS3. The increase in SOCS3 but not IKBKB or PRKCB2
is related inversely to p-INSR-β and might mediate the
inhibition of p-INSR-β. These data elucidate the relationship
between inflammation and insulin resistance using the MNC
as a model.
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CRP C-reactive protein
EGR1 early growth response gene-1
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MNC mononuclear cell
NFκB nuclear factor kappa B
PI3KRA phosphoinositide-3-kinase, regulatory

subunit 1 (p85 alpha)
PI3KCA phosphoinositide-3-kinase, catalytic alpha

polypeptide (p110 alpha)
p-INSR-β phosphorylated insulin receptor beta subunit
PRKCB2 protein kinase C-beta 2
SOCS3 suppressor of cytokine signalling-3
TNFAIP1 tumour necrosis factor-alpha

Introduction

Recent evidence points to a causal relationship between
inflammation and insulin resistance. The pioneering studies
from Hotamisligil and Spiegelman demonstrated that
adipocytes express tumour necrosis factor-alpha (TNFAIP1,
also known as TNFα) constitutively and that expression
increases in the obese [1–3]. Plasma concentrations of
TNFAIP1 have been shown to be elevated in human obesity
[4]. They also demonstrated that in adipocytes, TNFAIP1
reduces insulin receptor (INSR) tyrosine phosphorylation
and INSR substrate (INSRS)-1 tyrosine phosphorylation
through an increase in serine phosphorylation of INSRS-1,
which in turn inhibits the tyrosine phosphorylation of the
INSR. Thus, TNFAIP1 probably mediates insulin resistance
in many rodent obesity models. It is overexpressed in white
adipose tissue in obese humans [4].

While most of the studies have looked at insulin action and
insulin resistance and its possible link to inflammation in the
classic insulin target tissues, i.e. adipose tissue and skeletal
muscle, little is known about insulin signalling and the insulin
resistance state of other cell types that are involved in the
inflammatory process, the endothelial cell and the circulating
mononuclear cell (MNC). Insulin signal transduction is
altered by TNFAIP1 in adipocytes. Our previous work has
shown that TNFAIP1 inhibits insulin-induced tyrosine phos-
phorylation of INSR beta subunit (INSR-β) in human aortic
endothelial cells, in vitro, and reduces the total amount of
INSR and the expression of endothelial nitric oxide synthase
[5]. We have also shown that insulin infusions suppress the
pro-inflammatory nuclear factor kappa B (NFκB) binding
activity, increase the total inhibitor kappa B (IκB) and
suppress early growth response gene-1 (EGR-1) in MNCs
from obese subjects [6, 7]. These actions reflect an anti-
inflammatory effect of insulin on MNCs and point to the fact
that the MNC is a target of insulin action. Although INSR
was first demonstrated in MNCs 30 years ago [8], the
biological action of insulin on this cell was not demonstrated
until our recent work [6, 7]. Hitherto, there have been no
data on insulin signal transduction in this cell.

The MNC is in a pro-inflammatory state in obesity [9]
and this is associated with a systemic low-grade inflamma-
tion characterised by higher TNFAIP1, interleukin-6 (IL6)
and C-reactive protein (CRP) concentrations in the plasma
[10–12]. However, the interaction between insulin resis-
tance and inflammatory mediators has not been studied in
this cell population in obesity. Therefore, we embarked on a
study to investigate the relationship between certain
mediators of cellular inflammation which have been linked
to impaired insulin signalling through the suppression of
INSR phosphorylation.

Among the mediators investigated were: (1) the inhibitor
of kappa light polypeptide gene enhancer in B cells-kinase
beta (IKBKB)-NFκB pathway and its target genes such as
TNFAIP1 and IL6; (2) the protein kinase C (PRKC) family
of serine/threonine kinases, which are known to inhibit
INSR and INSRS phosphorylation [13–15]; and (3) the
expression of two members of the suppressor of cytokine
signalling (SOCS) family, SOCS1 and SOCS3, which have
been associated with impaired insulin signalling [16–18]. It
is of great interest that the same proteins may also mediate
resistance to leptin action, which is known to occur in
human obesity.

We therefore hypothesise that in the freshly isolated MNC
from obese subjects: (1) insulin signal transduction, as
represented by the phosphorylated INSR-β (p-INSR-β) to
INSR-β ratio, is suppressed; (2) the increase in the expression
of pro-inflammatory mediators in obesity is related to the
suppression of p-INSR-β : INSR-β; (3) there is an increase in
PRKC isoforms and SOCS expression as a part of the pro-
inflammatory process and that this is inversely related to the
p-INSR-β:INSR-β ratio; and (4) the changes in p-INSR-β, p-
INSR-β:INSR-β ratio, PRKC isoforms and SOCS expression
are related to the homeostasis model assessment of insulin
resistance (HOMA-IR) index.

Subjects and methods

Subjects Two groups, 16 each, of normal weight controls
(BMI=22.6±1.9 kg/m2) and obese (BMI=40.0±4.4 kg/m2)
female subjects were recruited for this study. The Internal
Review Board of the State University of New York at
Buffalo approved the study and written consent was
obtained from all subjects. Fasting blood samples were
collected in the morning between 0800 and 1000 hours.
Subjects’ demographic data are summarised in Table 1.

Measurement of plasma insulin, NEFA and pro-inflamma-
tory mediator concentrations Insulin was measured in
fasting plasma samples using an ELISA kit (Diagnostics
Systems Laboratories, Inc., Webster, TX, USA). NEFA
concentration was measured using the Half-Micro calori-
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metric kit from Roche Diagnostic (Indianapolis, IN, USA).
Plasma TNFAIP1 and IL6 concentrations were measured
with a high-sensitivity ELISA kit from R&D Systems
(Minneapolis, MN, USA). Plasma CRP was measured
using an ELISA kit from Alpha Diagnostic International
(San Antonio, TX, USA). HOMA-IR was calculated
according to Matthews et al. [19].

MNC isolation Fasting blood samples were collected in
sodium-EDTA as an anticoagulant. Four millilitres of blood
sample were layered carefully over 3.5 ml PMN medium
(Robbins Scientific Corp., Sunnyvale, CA, USA). The upper
layer containing the MNCs was harvested and washed with
Hanks’ balanced salt solution and then with PBS.

Western blotting MNC total cell lysates were prepared and
western blotting performed as previously described [9].
Polyclonal or monoclonal antibodies against INSR-β,
phosphoinositide-3-kinase, regulatory subunit 1 (p85 alpha)
(PI3KRA), phosphoinositide-3-kinase catalytic, alpha poly-
peptide (p110 alpha) (PI3KCA) and IKBKB (BD Biosci-
ences, San Jose, CA, USA), INSRS-1 (Upstate USA, Inc.,
Charlottesville, VA, USA), pINSR-β(Tyr1162,Tyr1163) (EMD
Biosciences, Inc., San Diego, CA, USA), protein kinase
C-beta 2 (PRKCB2) and actin (Santa Cruz Biotechnology,
Santa Cruz, CA, USA) were used. Two different antibodies
against SOCS3 were tested (Santa Cruz Biotechnology and
Immuno-Biological Laboratories Co., Tokyo, Japan). There
was no detectable signal for INSRS-1 or INSRS-2 tyrosine
or serine phosphorylation at basal levels. Densitometry was
performed using Molecular Analyst software and all values
were corrected for loading with actin.

Total RNA isolation and real-time RT-PCR Total RNA
isolation and RT-PCR were performed as previously
described [9, 20]. The specificity and the size of the PCR
products were tested by adding a melting curve at the end

of the amplifications and by running on a 2% agarose gel.
All values were normalised to 18S expression.

NFκB DNA binding activity Nuclear extracts from MNCs
were prepared by a high-salt extraction method [21] and
used to measure nuclear NFκB DNA binding activity by an
electrophoretic mobility shift assay (EMSA) as previously
described [9]. Specificity of the assay was tested by
incubating the samples with specific antibodies against
Rel-A (H-286) and p50 (H-119) subunits of the NFκB
complex (Santa Cruz Biotechnology).

Statistical analysis Statistical analysis was carried out
using SigmaStat software (Systat Software, Inc., San Jose,
CA, USA). All values are means±SE, unless otherwise
indicated. The percentage change is calculated from the
means of the groups. Statistical analysis was carried out
using an unpaired t test between normal weight control
subjects and obese subjects. Correlation analysis was
performed using Spearman rank order correlation between
p-INSR-β and pro-inflammatory markers. The sample size
for correlation analysis was 26, which represents the
number of samples from both obese and normal weight
subjects that were analysed for all the parameters.

Results

RNA expression of insulin signalling mediator In the obese
subjects the expression of INSR was significantly higher by
52.5% (p=0.032), INSRS-2 by 45.6% (p=0.033) and
PI3KCA (PI3K-p110) by 43.3% (p=0.032), and was
significantly lower for AKT2 by 20.0% (p=0.036), as shown
in Fig. 1. There was no significant difference in the mRNA
expression levels of INSRS-1, PI3KRA (PI3K-p85) and
AKT2 between the two groups (Fig. 1).

Protein content of insulin signalling mediators Total protein
content of INSR-β, INSRS-1, PI3KRA and PI3KCA in the
obese individuals was not significantly different from that in
the normal weight (Electronic supplementary material [ESM]
Fig. 1). INSRS-2 protein was not detectable when the
membranes were probed with either a polyclonal or
monoclonal antibody against INSRS-2.

INSR tyrosine phosphorylation The INSR-β phosphoryla-
tion at tyrosine 1,162 and tyrosine 1,163 (p-INSR-β) is
required for the tyrosine kinase activity of the INSR. When
these sites were probed with an affinity-purified specific
polyclonal antibody, p-INSR-β was significantly lower (by
31%) in the obese subjects (p=0.019) compared with that
of lean subjects. in addition, p-INSR-β was significantly

Table 1 Summary of subject demographic data (means±SD)

Lean subjects Obese subjects

n 16 16
BMI 22.6±1.9 40.0±4.4*
Age (years) 36.9±11.8 43.2±8.6
BP, systolic (mmHg) 111±11.7 127±22.7
BP, diastolic (mmHg) 72.2±7.0 81.1±9.4
Glucose (mmol/l) 4.46±0.42 4.64±0.46
Insulin (pmol/l) 32.57±16.65 120.04±45.49*
HOMA-IR 0.74±0.5 3.15±2.0*
NEFA (mmol/l) 0.43±0.2 0.59±0.1*
Cholesterol (mmol/l) 5.02±0.81 5.25±1.14
Triacylglycerol (mmol/l) 0.686±0.363 1.334±0.701*

*p<0.05
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lower by 33% (0.49±0.2 vs 0.74±0.25, p=0.008) in the
obese subjects when measured as the ratio of p-INSR-
β(Tyr1162,Tyr1163) to total INSR-β (Fig. 2). These values were
obtained by stripping the blots and reprobing with a
polyclonal antibody against INSR-β. There was no detect-
able signal for basal INSRS-1 tyrosine or serine phosphor-
ylation after probing with two different antibodies for these
phosphorylation sites.

Levels of pro-inflammatory mediators NFκB binding ac-
tivity in the MNCs from the obese subjects was signifi-
cantly higher by 28.3% (p<0.05, Table 2, ESM Fig. 2).
IKBKB mRNA expression in the MNC was significantly
higher by 45% (p<0.05, Fig. 3) in the obese than the lean
subjects, while IKBKB protein production was also higher
(by 25%) in the obese group but was not statistical
significant (p<0.085, Fig. 3). TNFAIP1 and IL6 mRNA
expression were significantly higher by 72% (p=0.04) and
by 129% (p=0.002), respectively (Table 2) in the obese
subjects than in the normal control subjects. Circulating
levels of IL6 were higher by 124% (3.297±0.895 vs 1.445 ±
0.423 pg/ml, p<0.001), TNFAIP1 by 31% (3.753±
0.621 pg/ml vs 2.772±0.311 pg/ml, p=0.014) and CRP
by 304% (3,041±654 ng/ml vs 843±125 ng/ml, p<0.001)
in the obese group (Table 2).

RNA and protein levels of PRKC isoforms The PRKCB2
mRNA expression was significantly higher in the obese
subjects by 81% (p=0.002) as shown in Fig. 4a. PRKCB2
protein content was significantly higher by 41% (p<0.05)
in the obese subjects than in normal lean subjects (Fig. 4b).
Obese subjects had slightly but not significantly higher

mRNA expression of PRKCB1, PRKCQ and PRKCZ
isoforms.

RNA expression of SOCS1 and SOCS3 In obese subjects,
the expression of SOCS3 mRNA was significantly greater
by 219% (p<0.001) as shown in Fig. 5. There was no
significant difference in the mRNA expression of SOCS1
between the two groups (Fig. 5). We were unable to detect a
quantifiable signal of SOCS3 when two different antibodies
were tested by western blotting.

Correlation analysis A Spearman rank order correlation
coefficient was calculated for the combined data from both
groups to assess the relationship between p-INSR-β and pro-
inflammatory mediators. Tyrosine phosphorylation of the
INSR was inversely related to TNFAIP1 mRNA expression
(r=−0.616, p<0.001) and plasma CRP levels (r=−0.481,
p=0.013) (ESM Fig. 3a,b). There was an inverse relationship
between p-INSR-β : INSR-β ratio and NFκB binding
activity (r=−0.526, p=0.006, ESM Fig. 3c). Plasma
TNFAIP1 and IL6 concentrations also showed a trend
towards an inverse relationship with p-INSR-β (r=−0.321,
p=0.10 and r=−0.307, p=0.12, respectively). There was a
positive relationship between SOCS3 mRNA and all of the
following: BMI, HOMA-IR, NFκB binding (ESM Fig. 3d,e),
mRNA expression of TNFAIP1 and IL6 and plasma NEFA
and CRP levels. SOCS3 mRNAwas inversely related to both
p-INSR-β (ESM Fig. 3f) and the p-INSR-β : INSR-β ratio.
In addition, both PRKCB2 mRNA and PRKCB2 protein
levels were significantly related to BMI and NEFA and CRP
levels. In addition, PRKCB2 mRNA showed a significant
relationship to NFκB binding and IL6 mRNA, while it was
not related to HOMA-IR, p-INSR-β or p-INSR-β: INSR-β
ratio. PRKCB2 protein levels were also related positively to
TNFAIP1 mRNA and plasma TNFAIP1 and IL6 concen-
trations, while there was only a trend towards a negative
correlation with p-INSR-β and p-INSR-β: INSR-β and a
trend towards a positive correlation with HOMA-IR index.
All correlations are summarised in ESM Table 1.

Discussion

Our data show that there is an increase in the MNC of the
obese of three putative candidate molecules which may
participate in the pathogenesis of insulin resistance:
IKBKB, PRKCB2 and SOCS3. The increases in IKBKB
and PRKCB2 were observed at both the protein and mRNA
levels, while the increase in SOCS3 was observed only at
the mRNA level. Repeated attempts to demonstrate a
quantifiable SOCS3 protein in MNC failed, probably due
to the small amounts of protein contained in the cellular

Fig. 1 Gene expression of insulin signalling mediators. Total RNA
was isolated from MNCs from obese subjects (grey bars) and lean
subjects (black bars) and gene expression measured by real-time RT-
PCR. Values are normalised to 18S expression (n=16 vs 16). *p<0.05
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homogenates and the limitation of the technique. A faint,
inconsistent band at the target size of SOCS3 was often
observed, but it was not sufficient to evaluate the protein
production. SOCS3 protein is unstable and very sensitive to
proteasomal degradation [22], which is a robust process in
this cell type, and we may require additional specific
inhibitor(s) to block this process. Sensitive proteomic
techniques may have to be employed to elucidate this
issue. It is also possible that viable SOCS3 protein may not
be produced in MNCs due to post-transcriptional inhibitors
or modifications and that mRNA levels do not reflect
changes at the protein level. Therefore, SOCS3 mRNA data
should be considered with caution until further protein data
are available.

Both PRKCB2 and SOCS3 mRNA were related signif-
icantly to a majority of inflammatory indices, both
intracellularly and in plasma. Furthermore, PRKCB2 and
SOCS3 mRNA were also related to obesity (BMI) and

NEFA concentrations. IKBKB mRNA was related to NFκB
binding, TNFAIP1 and SOCS3 mRNA, while IKBKB
protein was related to SOCS3 mRNA.

It is noteworthy that SOCS3 mRNA was negatively
related to p-INSR-β and p-INSR-β: INSR-β ratio while
PRKCB2 showed only a trend towards this relationship. It
is, therefore, relevant that SOCS3 mRNA was also related
to HOMA-IR, an index of systemic insulin resistance. The
mRNA expression of other PRKC isoforms (B1, Q and Z)
was not significantly elevated in the MNC from the obese
subjects, nor were they related to BMI or HOMA-IR.
IKBKB was related to PRKCB2 mRNA and BMI, but not
to p-INSR-β or p-INSR-β: INSR-β ratio or HOMA-IR.

Thus, SOCS3 and possibly PRKCB2, may contribute to
the diminution in insulin signalling through an interference
with insulin signal transduction and thus induce a state of
insulin resistance in the MNC. We have previously
demonstrated that insulin has a comprehensive anti-inflam-
matory effect on peripheral blood MNCs [6, 7]. This is
reflected in the suppression of reactive oxygen species
generation and NFκB binding, an increase in IκBα
production, and a suppression of EGR1 binding and
production. Consistent with an insulin resistant state of this
cell in obesity, we have previously shown that MNCs exist
in a pro-inflammatory state [9]. The pro-inflammatory state
in the obese is also in part due to excessive macronutrient
intake, which induces oxidative stress as well as inflamma-
tion, including increased NFκB binding [23]. It is thus
relevant that we have recently observed that the intake of a
fatty meal also induces an increase in SOCS3 mRNA
expression (unpublished observations). The increase in
SOCS3 mRNA expression may also contribute to leptin

Fig. 2 INSR-β and p-INSR-β protein quantification by western
blotting. a Protein content of INSR-β subunit and p-INSR-β subunit
from total cell lysates of three lean (L) and three obese (O) subjects. b
Densitometry of protein content of INSR-β and p-INSR-β and the
calculated ratio of p-INSR-β : INSR-β (multiplied by 100 for scale
purposes) (n=16 vs 16). Grey bars, obese subjects; black bars, lean
subjects. *p<0.05; **p<0.01

Table 2 Levels of pro-inflammatory markers/mediators (means±SE)

Lean subjects Obese subjects

NFκB binding activitya 9,415±2,354 24,935±2,874*
TNFAIP1 mRNAa 0.545±0.145 0.939±0.268*
IL6 mRNAa 0.339±0.084 0.777±0.262*
TNFα (pg/ml) 2.772±0.311 3.753±0.621*
IL6 (pg/ml) 1.445±0.423 3.297±0.895*
CRP (ng/ml) 842±125 3,041±654*

a Arbitrary units
n=16 in each group
*p<0.05

Fig. 3 a Protein content of IKBKB from total cell lysates of three
lean (L) and three obese (O) subjects. b mRNA expression
(normalised to 18S) and densitometry of protein content of IKBKB
normalised to actin (n=16 vs 16). Grey bars, obese subjects; black
bars, lean subjects. *p<0.05

282 Diabetologia (2007) 50:278–285



resistance since SOCS3 also interferes with leptin signal-
ling and the Janus kinase and the signal transducer and
activator of transcription (JAK-STAT) pathway.

While our data show that there is a diminution in p-INSR-
β and the pINSR-β : INSR-β ratio, consistent with impaired
insulin signalling, it is also of interest that the p-INSR-β :
INSR-β ratio in MNC was significantly related to HOMA-IR
(r=0.5, p<0.005). This suggests that there may be a
relationship between the pro-inflammatory insulin resistant
state of the MNC, insulin signalling mechanisms and the
general metabolic state of insulin resistance as reflected in
HOMA-IR. These changes may also contribute to leptin
resistance known to occur in the obese.

The MNC is not a classic insulin-responsive metabolic
cell. However, it was the first cell shown to have INSRs.
Our recent work has shown that insulin may exert an anti-
inflammatory effect on both the MNC, in vivo, and the
endothelial cell, in vitro. More recently, the monocyte in the
MNC fraction has been shown to migrate to adipose tissue
and to induce inflammatory responses, which in turn leads
to cytokine production by adipocytes which may mediate
insulin resistance [24, 25]. Indeed, in a recent seminal
experiment, the deletion of IKBKB, a kinase which
phosphorylates IκB to cause its phosphorylation, ubiqui-
tination and proteolysis, and thus the activation of the pro-
inflammatory transcription factor NFκB, led not only to an

anti-inflammatory state but a protection from systemic
insulin resistance induced by a high-fat diet [26]. Thus,
the myeloid-derived monocyte-macrophages play a key role
in the pathogenesis of insulin resistance. Furthermore, this
role in the pathogenesis of insulin resistance is dependent
upon inflammatory mechanisms, since the deletion of
IKBKB leads to a protection from systemic insulin
resistance. These facts are even more intriguing since the
deletion of IKBKB from hepatocytes or adipoctyes leads to
protection from insulin resistance of only that specific
organ but not of other organs, unlike the deletion of IKBKB
from myelogenous leucocytes, which provided systemic
insulin sensitisation. These data attribute a key role to the
myelogenous leucocytes in the pathogenesis of insulin
resistance.

It is thus relevant that IKBKB expression is increased at
both mRNA and protein levels in MNCs from the obese as
observed in our experiments. The monocyte, which is an
important component of MNCs, thus expresses an excess of
the gene whose deletion in the mouse protects from insulin
resistance systemically. It is possible that the production of
IKBKB in the MNC may contribute significantly to the
state of insulin resistance systemically by modulating
inflammatory mechanisms and not by interfering with
insulin signalling directly. The role of the monocyte may
be mediated through its ability to infiltrate into various
organs including the adipose tissue, the skeletal muscle and
the liver.

The most impressive relationship of IKBKB mRNA and
protein is with SOCS3 mRNA and PRKCB2 mRNA in
addition to IL6 in plasma. It is possible that while IL6
drives SOCS3, which in turn interferes with insulin signal
transduction, PRKCB2 mRNA, may also contribute to
IKBKB phosphorylation and activation. These issues need
to be analysed in a dynamic experiment following insulin
stimulation. In the meantime our data provide the first
evidence in terms of the relationships between IKBKB
mRNA and protein production, PRKCB2 mRNA and
protein and SOCS3 mRNA expression in the commonest

Fig. 5 mRNA expression of SOCS1 and SOCS3 in the MNC from
obese (grey bars) and lean (black bars) subjects measured by real-time
RT-PCR. Values are normalised to 18S expression (n=16 vs 16). *p<
0.001

Fig. 4 a mRNA expression of PRKCB1, PRKCB2, PRKCQ and
PRKCZ in MNCs from obese and lean subjects measured by real-time
RT-PCR. Values are normalised to 18S expression (n=16 vs 16).
*p<0.01. b Protein content of PRKCB2 from total cell lysates of three
lean (L) and three obese (O) subjects. c Densitometry of protein
content of PRKCB2 (n=16 vs 16). *p<0.05. Grey bars, obese
subjects; black bars, lean subjects
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cause of insulin resistance, the state of obesity. It is of
interest that IKBKB protein and IKBKB mRNA are not
related to each other. It would appear that there are specific
regulators of IKBKB in terms of its translation and its
proteasomal degradation.

Experimental evidence in adipocytes, in vitro, demon-
strates that SOCS3 may bind to the tyrosine phosphorylated
INSR and therefore interfere with INSR-induced tyrosine
phosphorylation of INSRS-1 [16]. SOCS3 may also cause
ubiquitination and proteasomal degradation of INSRS-1
and INSRS-2 in hepatocytes [27]. These two mechanisms
have been proposed as a possible mode of action of
SOCS3. The fact that INSR tyrosine phosphorylation is
reduced in the obese with no change in INSRS-1 quantity
suggests that SOCS3 in the MNC might interfere with
insulin signalling through a direct inhibition of p-INSR-
β but not through the ubiquitination or the degradation of
INSRS-1. SOCS3 has also been implicated in the reduction
of leptin signal transduction through an interference with
the JAK-STAT pathway. It may therefore, also play a role in
the pathogenesis in leptin resistance in obesity [28–30].
MNC (monocytes and lymphocytes) are known to express
the leptin receptor.

Since plasma NEFA concentrations are thought to
modulate insulin resistance, we examined the relationship
of NEFA to BMI and HOMA-IR; there was a significant
correlation between NEFA and BMI but there was only a
statistical trend relating NEFA and HOMA-IR. There was
also no relationship between NEFA and p-INSR-β and the p-
INSR-β : INSR-β ratio (ESM Table 1). On the other hand,
NEFA concentrations were highly significantly related to
inflammatory mediators such as CRP, IL6 and TNFAIP1,

and to SOCS3 mRNA. It is possible that in obesity, NEFA
induces insulin resistance by inducing inflammation and
that an inflammatory mediator interferes with insulin
signalling. We have recently demonstrated that an infusion
of triacylglycerol and heparin to induce an increase in
NEFA concentrations to levels comparable with those in the
obese induces an acute increase in reactive oxygen species
generation and NFκB binding by MNCs in normal subjects
[31], while inducing insulin resistance. The above con-
clusions are based on statistical associations and are,
therefore, at this stage only suggestive but not definitive.

This study links inflammatory mediators, PRKCB2,
SOCS3 and IKBKB, firmly to insulin resistance, which is
a risk factor for atherosclerosis. It thus provides the basis
for the ‘common soil hypothesis’ [32], which provides a
link between insulin resistant states of obesity and type 2
diabetes and atherosclerosis.

In conclusion, obesity is associated with a significant
reduction in pINSR-β in MNCs, consistent with a reduction
in INSR activation. The increases in NFκB binding,
TNFAIP1 mRNA expression and plasma CRP concentra-
tions have a significant inverse relationship with pINSR.
The increased levels of PRKCB2 is related to inflammatory
mediators but not to p-INSR-β. The elevation in SOCS3
mRNA expression was inversely related to INSR phos-
phorylation and directly related to inflammatory mediators.
Thus while PRKCB2 drives inflammation, it probably does
not interfere with INSR phosphorylation directly. On the
other hand, SOCS3 is induced by and is related to
inflammatory mediators and probably interferes with INSR
phosphorylation. It may thus contribute to insulin and leptin
resistance in the obese (Fig. 6).

Fig. 6 Schematic representation of the possible interactions of obesity, inflammation and insulin resistance. Obesity-mediated inflammatory
mediators such as SOCS3 might interfere with insulin signalling in the MNC and other tissues
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