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Metabolic syndrome is a disease clustering different cardio-
vascular risk disorders, including central obesity, insulin
resistance, glucose intolerance, dyslipidemia, and hyperten-
sion. In the last decade, different definitions have been pro-
duced to better assess themultiplicative cardiovascular risk of
metabolic syndrome and potentially improve patient treat-
ment in both primary and secondary prevention. In parti-
cular, insulin resistance progressively lost its relevance on
metabolic syndrome patients, being considered as a concomi-
tant rather than a diagnostic condition. On the other hand,
local organ remodeling and structural alterations (including
adipose tissue, heart, liver, and pancreatic 𝛽-cells) in meta-
bolic syndrome have been targeted by pathophysiological
studies. Given the worldwide pandemic dimensions of meta-
bolic syndrome, a strong scientific effort has been made on
the identification of the causal mechanisms and molecules
underlying this disease. In addition, both basic research and
clinical studies investigating prognostic circulating biomark-
ers of metabolic syndrome have shown some soluble medi-
ators (such as inflammatory cytokines, adipocytokines, and
coagulation factors) as crucial players in the development of
metabolic syndrome. More recently, the alterations in free
fatty acid metabolism have also indicated these molecules as
critical mediators of inflammation in metabolic syndrome.
This special issue was focused on these and other soluble
mediators as promising candidates to better assess the cardio-
vascular risk inmetabolic syndrome. In particular, the patho-
physiological activities of adipocytokines, cytokines, and
chemokines as well as the controversies on the role of insulin

resistance have been discussed. F. Renna et al. investigated the
role of the enzyme cyclooxygenase-2 (COX-2) in an experi-
mental ratmodel of spontaneous hypertension andmetabolic
syndrome. Using the COX-2 specific antagonist lumiracoxib,
the authors showed that the treatment with this drug was able
to reverse vascular remodeling and inflammation, confirm-
ing the potential role for COX-2 in the pathophysiology of
atherogenesis. H. Qu et al. investigated the potential relation-
ship between a novel systemic biomarker (i.e., plasma pro-
granulin [PGRN]) as well as interleukin- (IL-) 6 with insulin
resistance in Chinese patients with normal glucose tolerance
(𝑛 = 88) and type 2 diabetes (𝑛 = 80). Results showed that
systemic PGRN concentrations were significantly increased
in the diabetic patients as compared to normal glucose con-
trol group. Importantly, PGRN levels were positively related
with patient weight, central obesity, inflammation, and in-
sulin resistance (assessed by HOMA-IR). C. L. Reading et al.
focused on the potential anti-inflammatory benefits of the
insulin sensitizer, HE3286. Importantly, this drug was able to
decrease insulin resistance in metformin-treated subjects,
indicating a therapeutic potential to restore metabolic home-
ostasis in type 2 diabetes. O. Bădulescu et al. investigated the
potential association between diabetes mellitus and other
cardiovascular risk factors (such as dyslipidemia) in three dif-
ferent groups of patients: diabetic without ischemic-cardio-
pathy-related disorders, diabetic with clinical ischemic car-
diopathy, and nondiabetic with ischemic-cardiopathy-related
disorders, respectively. The results showed that diabetic pa-
tients have an increased thrombotic risk as well as highest
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levels of interleukin-1-beta and lipids. Therefore, this study
shows that the diagnostic conditions of metabolic syndrome
might differently affect the cardiovascular risk in human
beings. F. Rodriguez et al. investigated the role of the adipocy-
tokine resistin on different aspects (such as inflammation,
food intake, and gonadal function) both in vitro in rat adeno-
pituitary cells and in vivo in fed and fasting rats. The authors
showed that exogenous administration of resistin increased
𝛽-oxidation and inhibited metabolic enzymes involved on
lipid synthesis.This study indicated that resistin might have a
regulatory and homeostatic role on lipid metabolism within
the pituitary gland.

F. Wasinski et al. investigated the potential benefits of
physical exercise and caloric restriction in vivo on inflamma-
tory cells, resident within adipose tissue, in obese mice. Both
exercise and caloric restriction improved bodymass, number
of resident immune cells in the adipose tissue, and serum
levels of inflammatory molecules in obese animals. However,
selective mediators were modified by these therapeutic
approaches, indicating potential different antiinflammatory
pathways, suggesting that the combination of both strategies
might be very promising to reduce inflammation in obesity.
Potential controversies on the role of obesity on the cardio-
vascular risk have been particularly debated. B. K. Cole et al.
investigated the inflammatory role of 12/15-lipoxygenase
activity in white adipose tissue from obese mice with fat-
specific deletion of this enzyme. Knockout mice showed im-
provements in fasting glucose levels and metabolism when
compared to controls. In addition, a reduced inflammation
and macrophage infiltration characterized adipose tissue of
knockout mice. These results suggest that specific deletion
of 12/15-lipoxygenase in adipose tissue can protect from the
deleterious effects of inflammation. Two articles have also
been included about a condition accelerating atherosclerosis.
A review article by I. Ferraz-Amaro et al. focused on poten-
tial common mediators between metabolic syndrome and
chronic inflammatory diseases, such as rheumatoid arthritis
(RA). The authors provided a complete overview on the
potential role of adipocytokines that could influence athero-
genesis in both diseases. Biological therapies, including anti-
TNF-𝛼 drugs, have been indicated to potentially improve
atheroprogression and insulin resistance in RA patients.
Finally, P. H. Dessein et al. performed a clinical study on 277
blackAfrican subjects (of whom 119 hadRA) investigating the
potential association between adipocytokine serum levels,
RA, and lipid profile. Only in RA subjects, adiponectin con-
centrations were associated with a favorable lipid profile and
blood pressure. No associationswere observed for leptin.This
clinical study partially confirmed a potential pathophysiolog-
ical relevance for adiponectin in chronic inflammatory dis-
eases.The present special issue onmediators of inflammation
represents an update on pathophysiological mediators that
can be targeted by novel and more selective treatments in
metabolic syndrome and concomitant chronic inflammation.
We hope that the reader will find some novel input for future
researches.

Fabrizio Montecucco
François Mach

Aldo Pende
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The adipokine resistin is an insulin-antagonizing factor that also plays a regulatory role in inflammation, immunity, food intake,
and gonadal function and also regulates growth hormone (GH) secretion in rat adenopituitary cells cultures with the adipokine.
Although adipose tissue is the primary source of resistin, it is also expressed in other tissues, including the pituitary. The aim
of this study is to investigate the possible action of resistin on the lipid metabolism in the pituitary gland in vivo (rats in two
different nutritional status, fed and fast, treated with resistin on acute and a chronic way) and in vitro (adenopituitary cell cultures
treated with the adipokine). Here, by a combination of in vivo and in vitro experimental models, we demonstrated that central acute
and chronic administration of resistin enhance mRNA levels of the lipid metabolic enzymes which participated on lipolysis and
moreover inhibiting mRNA levels of the lipid metabolic enzymes involved in lipogenesis. Taken together, our results demonstrate
for the first time that resistin has a regulatory role on lipid metabolism in the pituitary gland providing a novel insight in relation
to the mechanism by which this adipokine can participate in the integrated control of lipid metabolism.

1. Introduction

Resistin, also known as found in inflammatory zone 3
(FIZZ3) is an adipocyte-derived hormone known to promote
insulin resistance, impair adipocyte differentiation, and to
promote inflammation [1–5] and that was originally identi-
fied in rats as a protein secreted by adipocytes that is under
the control of different humoral signals and nutritional status;
nutrition and metabolism regulate this adipoine. Resistin
is decreased in fasting situations [6], whereas circulating
resistin is increased in obese insulin resistant rodents [7]
and humans [8]. Despite adipose tissue being the more
relevant source of this protein, it has been recently reported
that resistin is also expressed in the hypothalamus and in
the pituitary gland [8, 9]. Central resistin administration
appears to have a dual effect on metabolic homeostasis, first

by acutely inhibiting feeding [10] and second by controlling
glucose homeostasis and inducing hepatic insulin resistance
[8, 11]. Recently, it has been demonstrated that central resistin
regulates hypothalamic and peripheral lipid metabolism in a
nutritional-dependent fashion and even that this regulation
is opposite in peripheral organs in comparison with central
effect [12]. The authors demonstrate that the anorectic effect
of resistin is associated with the low levels of mRNA expres-
sion of orexigenic (agouti-related protein and neuropeptide
Y) and the increased mRNA expression of anorexigenic
(cocaine and amphetamine-regulated transcript) neuropep-
tides in the arcuate nucleus of the hypothalamus. Also
they show that resistin exerts a nutritional status dependent
inhibitory effect on hypothalamic fatty acid metabolism,
as indicated by increased phosphorylation levels of both
AMP-activated protein kinase and its downstream target
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acetyl-coenzyme A carboxylase, associated with decreased
expression of fatty acid synthase in the hypothalamus. In
addition, it is demonstrated that chronic central resistin
infusion results in decreased body weight and major changes
in peripheral expression of lipogenic enzymes, in a tissue-
specific and nutrition-dependent manner [12].

In previous studies we tested the resistin effect on GH
release in vitro. It has been demonstrated that the adipoine
induces GH release in a dose fashion on adenopituitary cells
culture at 4 h of exposition.This effect is even higher at 24 h of
resistin treatment [13].These results implicate the existence of
resistin receptors in the pituitary, a receptor which it has not
been cloned yet.

The aim of this study was to characterize the effect of
acute and chronic resistin administration in the regulation of
pituitary lipid metabolism. In addition since this adipokine
have been reported to be involved in the inflammation
process linked to obesity, we also studied its effects on the
expression of the most-known proinflammatory cytokines,
namely, TNF-alpha and Il-6 [14].

We have studied the expression of enzymes; fatty acid
synthase, FAS; malonyl CoA decarboxylase, MCD; carnitina-
palmitoil transferase, CPT-1; lipoprotein lipase, LPL; the
proinflammatory cytokines interleukin 6, IL-6; tumor necro-
sis factor alfa, TNF-𝛼.

2. Materials and Methods

2.1. Reagents. The fetal bovine serum (FBS) was obtained
from Fisher Scientific Biobloce. Trizol reagent and MML-V
reverse transcriptase (RT) were purchased from Invitrogen
(Paisley, UK). Dulbecco’smodified Eagle’smedium (DMEM),
collagenase from Clostridium histolyticum, deoxiribonucle-
ase I crude lyophilized, hyaluronidase type I-S from Bovine
test, Dispase II (neutral protease, grade II) from Roche
Diagnostics, SL. (Barcelona, Spain). Resistin was obtained
from Phoenix Pharmaceuticals Inc. (Karlsruhe, Germany);
10 𝜇g/rat dissolved in 5𝜇L of saline.

2.2. Animals. Male Sprague Dawley rats (300–350 g) were
housed in a temperature-controlled room, with a 12-h light,
12-h dark cycle (lights from 0800 to 2000 h).The experiments
were performed in agreement with the International Law
on Animal Experimentation, and the experimental protocols
have been approved by the Ethics Committee of the Uni-
versity of Santiago de Compostela. Intracerebroventricular
(ICV) cannulae chronic ICV cannulae were implanted under
ketamine/xylazine anesthesia as previously described [11, 15,
16].

The correct location of the cannula in the lateral ventricle
was confirmed by methylene blue staining. Animals were
individually caged and allowed to recover for 1 wk before
experiment. During the postoperative recovery period, the
rats were handled regularly under nonstressful conditions.

2.3. Acute Resistin Treatment. One group of rats was fed
ad libitum, and the other group was deprived of food for
12 h (nocturnal fasting). Rats then received either a single

ICV injection of resistin (Phoenix Pharmaceuticals Inc.,
Karlsruhe, Germany; 10𝜇g/rat dissolved in 5𝜇L of saline) or
vehicle. The rats were killed 1.5 h after injection. Treatments
started at 0800 h and were carried out in the light phase.

2.4. Chronic Resistin Treatment. Brain infusion cannulae
were stereotaxically placed into the lateral ventricle as
described above. A catheter tube was connected from the
brain infusion cannula to an osmotic minipump flow mod-
erator (model 2001D or 2ML2; Alza Corp., Palo Alto, CA,
USA). An sc pocket on the dorsal surface of the animal was
created using blunt dissection, and the osmotic minipump
was inserted. The incision was closed with sutures, and the
rats were kept warm until fully recovered. The rats were then
infused with either vehicle or resistin (10𝜇g/day) for 6 d. On
day 4, one group of rats was fed ad libitum, and the other
group was deprived of food for the final two days.

2.5. Pituitary Cell Dispersion and Culture. Isolated cells from
rat anterior pituitary were obtained using an enzymatic
dispersion protocol. Briefly, for each experiment, three to four
anterior pituitaries were pooled, minced, and enzymatically
dissociated by incubation in DMEM supplemented with col-
lagenase 0.4%, deoxyribonuclease 0.01%, hyaluronidase 0.1%,
and dispase II 0.2% at 37∘C in a 5% CO

2
atmosphere, and the

tissues were mechanically dispersed every 10 minutes until
a homogeneous cellular suspension was obtained. Cellular
viability, as estimated by the trypan blue test, was always
above 90%.

Dispersed anterior pituitary cells were plated at a density
of 300,000 cells onto 24-well culture plates in 1mL DMEM
supplemented with 10% FBS and 0.1% antibiotic-antimycotic
solution.

Cells were incubated at 37∘C in a 5% CO
2
atmosphere,

and medium was replaced by fresh DMEM-FBS after 48 h of
culture. After a 3-d culture period,mediumwas removed, and
cells were preincubated in 1mL serum-free DMEM for 2 h to
stabilize basal hormone secretion.Mediumwas then replaced
with fresh DMEM containing increasing doses of resistin or
the corresponding control vehicle and incubated for 4 h at
37∘C.

Medium samples were collected at the end of the exper-
iments and were stored at –20∘C until hormone determina-
tions by RIA.

Cells in the culture plates were processed for RNA
extraction as indicated below.

2.6. Measurement of Growth Hormone by RIA. GH levels in
culture media were measured in a volume of 25–50𝜇L
using a double antibody method and radioimmunoassay
kits kindly supplied by the NIH (Dr. A. F. Parlow, NIDDK
National Hormone and Peptide Program; Torrance, CA,
USA). RatGH-I-7was labeledwith 125I using the chloramine-
Tmethod and Iodo-Gen Pre-coated iodination tubes (Pierce,
Rockford, IL, USA), respectively. Hormone concentration
was expressed using the reference preparations GH-RP-2 as
standards. Intra- and interassay coefficients of variation were
below 6% and 9% for GH. The sensitivity of the assay was
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5 pg/tube for GH. Accuracy of hormone determinations was
confirmed by assessment of rat serum samples of known
hormone concentrations used as external controls.

2.7. Real-Time Quantitative PCR of Enzymes Involved in
Lipid Metabolism. The mRNA levels of acetyl-coenzyme A
carboxylase (ACC)𝛼, IL-6, TNF 𝛼, and lipoprotein lipase
(LPL) were studied by using real-time PCR (TaqMan;
Applied Biosystems, Foster City, CA, USA) by using spe-
cific primers and probes published as supplemental data
on The Endocrine society’s journals Online web site at
http://endo.endojournals.org/) as previously described [17,
18]. All reactions were carried out using the following cycling
parameters: 50∘C for 2min, 95∘C for 10min followed by 40
cycles of 95∘C for 15 sec, and 60∘C for 1min [17, 18].

For the analysis of the data, the input value of the gene
of interest was standardized to the 18S value for the sample
group andwas expressed comparedwith the average value for
the vehicle-treated group.We used six to eight rats per group.

2.8. Statistical Analysis. Data are expressed as mean ± SEM
in relation (%) to vehicle-treated rats. Statistical significance
was determined by 𝑡-Student’s test when two groups were
compared or by ANOVA and post-hoc two-tailed Bonferroni
test when more than two groups were compared. 𝑃 < 0.05
was considered significant.The program used for the analysis
was GraphPad Prism.

3. Results

3.1. Central Acute Administration of Resistin Does Not Regu-
late Pituitary Fatty Acid Metabolism. Central acute resistin
administration induced no changes in the mRNA expres-
sion of FAS, MCD, CPT-1, LPL, and the proinflammatory
cytokines IL-6 and TNF-𝛼 suggesting that pituitary gland
fatty acidmetabolism is not regulated by central acute resistin
treatment (Figure 1).

3.2. Central Chronic Administration of Resistin Regulates Pitu-
itary Fatty Acid Metabolism. Central chronic administration
of resistin was associated with a marked decreased in the
expression levels of FAS and LPL indicating that resistin
does not participate on lipid synthesis. We also observed
that CPT-1 and MCD mRNA levels are higher than in
fasting conditions and in presence of resistin. With respect to
the proinflammatory cytokines, resistin diminished mRNA
levels of both IL-6 and TNF-𝛼 on fasted rats (Figure 2).

3.3. Effect of Resistin on Rat Pituitary Cell Cultures. For know-
ing if resistin has a direct participation on pituitary lipid
metabolism, we have examined the effect of increasing doses
of resistin (10−14–10−6M) on mRNA levels by rat anterior
pituitary cell cultures exposed to the adipokine for 4 h. As
shown in Figure 3, when resistin is administered for 4 h,
significantly decreased FAS shows low levels of mRNA with
10−8M and 10−6M resistin concentrations. The LPL shows
decreased levels of the enzyme expression at the highest
resistin doses employed. With respect to CPT-1 enzyme,

resistin induces an enhanced transferase enzyme expression
at 10−8 and 10−6Mdoses of the adipokine.The two proinflam-
matory cytokines that we have studied showed low levels of
the mRNA at 10−6M. TNF-alpha even presents low levels at
other resistin concentrations (10−10M to 10−6M).

4. Discussion

Although resistin was initially suggested to promote insulin
resistance and adipocyte differentiation, recent data indicate
that this hormone also plays a pleiotropic role in rodents,
immunity, food intake, gonadal function, and hypothalamic
and peripheral lipid metabolism regulation [19]. A recent
study of our group added a new role to resistin, regulating
pituitary somatotrope cell function. Resistin enhances GH
release through the activation of multiple signaling pathways
[13].

Specifically, resistin enhanced GH release on ad libitum
feeding rats when resistin was administered in an acute (1.5 h)
or a chronic (6 d) way increasing the transcripts numbers
of the pituitary transcription factor Pit-1. It is important
to confirm whether resistin-induced changes in mRNA
expression of Pit-1 correlate with hormone protein levels,
because it has been recently reported that POMC altered
gene expression is not always linked to specific changes in 𝛼-
MSHhypothalamic protein content [20]. Further work, using
different experimental techniques as HPLC combined with
RIAor proteomic analysis, will help to clarify these issues [21].

Previous work in our group reported that 4 h of resistin
administration to dispersed rat anterior pituitary cells
increased GH release [13]. Therefore, our results confirm
the regulatory role of resistin on GH secretion with rats fed
ad libitum. It is widely accepted that the regulation of the
secretion of GH from the anterior pituitary gland is under
the reciprocal control of two hypothalamic hormones, the
stimulatory GHRH found in the arcuate nucleus and the
inhibitory hormone, somatostatin (SRIF), synthesized in the
periventricular nucleus [22]. Our results suggest that resistin
might regulateGHRHor SRIF secretion to obtainGH release,
or as it has been reported previously, resistin could act directly
over somatotropes to regulate GH release [13].

That resistin regulates lipid metabolism centrally and in
the periphery as has been reported by Kjems and coworkers
[12]. Herein, we have expanded the research to the pituitary
gland, studying if resistin regulates fatty acid metabolism in
the gland in vivo and in adenopituitary cells cultures in vitro.

We demonstrate that chronic central resistin administra-
tion during 6 d but, no acute administration during 90min,
modified the mRNA levels of the fatty acid metabolism
enzymes in the pituitary gland. Besides, resistin diminished
the IL-6 and TNF-𝛼 mRNA levels on the rat with resistin
chronic treatment and on the rat adenopituitary cultures
exposed to the adipokine. In detail, resistin diminished
mRNA levels of FAS in the pituitary gland and enhanced
mRNA levels of CPT-1 and MCD when resistin was admin-
istered during 6 d to rats, but there was no effect when the
adipokine was administered in an acute way (90min). Our
data showed that central chronic resistin treatment causes
a reduction in the number of transcripts of fat-promoting
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Figure 1: Effect of central acute administration of resistin on pituitary lipid metabolism enzymes and proinflammatory cytokines. Mean +
SEM mRNA levels of FAS, MCD, CPT-1, LPL, IL-6, and TNF-alpha in the pituitary gland of fed and fasted rats following administration
(I.C.V) of vehicle (Veh) or resistin (10 ug/rat). Samples were obtained 90min later.𝑁 = 6–8 rats per group assay.

enzymes in the gland and that the adipokine promotes to
𝛽-oxidation in a nutrition-independent fashion. The phys-
iological significance of this effect in the pituitary gland is
intriguing.We confirmed that fatty acidmetabolism enzymes
regulation in the gland is opposite to that described by other
authors in other peripheral tissues as white adipose tissue
and liver [12]. The reason why resistin increases CPT-1 and
MCD in pituitary and diminishes FAS expression is unclear;
however, it indicates that pituitary fatty acid metabolism
enzymes expressionmay be regulated bymechanisms distinct
from those operating in adipocytes and hepatocytes. Other
enzymes such as leptin also have different roles depending
on whether they act at the central or peripheral level [23]. On
the other hand, our results are similar in part with the results

of Kjems and coworkers published on the hypothalamus in
which central resistin diminished FAS mRNA levels [12].

We suggest that, as in the hypothalamus, low levels of
pituitary ACC mRNA may be a compensatory physiological
mechanism that prevents harmful high levels of malonyl-
CoA produced in the gland after FAS inhibition [24]. Respect
to CPT-1 and MCD, our results showed that CPT-1 mRNA
levels are enhanced in resistin-treated fed ratswithin the same
time frame, suggesting that malonyl-CoA levels are changed,
as a consequence of ACC inactivation and MCD activation
that maybe derived from the low ACC mRNA levels and the
high MCDmRNA levels.

Recent data point to the fact that central resistin induces
hepatic insulin resistance by increasing the expression of
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Figure 2: Effect of central chronic administration of resistin on pituitary lipid metabolism enzymes and proinflammatory cytokines. Mean
+ SEM mRNA levels of FAS, MCD, CPT-1, LPL, IL-6, and TNF-alpha in the pituitary gland of fed and fasted rats following administration
(I.C.V.) of vehicle (Veh) or resistin (10 ug/day/over six days. 𝑁 = 6–8 rats per group assay; ∗𝑃 < 0, 05 versus fed vehicle; #𝑃 < 0.05 versus
fasted vehicle.

proinflammatory cytokines, such as IL-6 and TNF𝛼, via an
unidentifiedmechanismmediated by the autonomic nervous
system [8, 11].Those alterations in proinflammatory adipocy-
tokines may be due, in part, to the excess accumulation
of fatty acids and triglycerides in the liver after central
treatment with resistin [25–27]. Therefore, the no increase
of fat deposition due to tilt toward the 𝛽-oxidation might at
least partially explain the low mRNA levels of IL-6 and TNF-
𝛼 on the gland after resistin treatment centrally and directly
on the adenopituitary cells cultures. Further investigation is
necessary to clarify this issue.

Finally, we investigated the effect of resistin on lipid
metabolism on pituitary cells cultures, and we found the

same result observed in vivo, resistin diminished the mRNA
levels of the enzymes involved in regulating triglyceride
uptake and lipid metabolism, such as LPL, ACC, FAS, SCD-1,
and key transcriptional factors regulating lipid metabolism,
such as SREBP-1c and enhanced the transcripts numbers
of CPT-1 and MCD when resistin was administered during
4 h on adenopituitary cells cultures. We found significant
activity at resistin 10−12 and resistin 10−10M, which is within
the concentration range of circulating resistin in rat [28].
Noteworthy, the effect of resistin did not follow a typical dose-
response pattern in receptor gene expression, an observation
that has been reported for this and other signallingmolecules
[29–32]. Although the reasons are unclear at present, several
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Figure 3: Effect of resistin on mRNA levels of lipid metabolism enzymes and proinflammatory cytokines in vitro. Mean + SEMmRNA levels
of ACC𝛼, CPT-1, FAS, LPL, MCD, SCD-1, SREBP, IL-6, and TNF-alpha. After 3 days of culture, dispersed rat pituitary cells were incubated
in medium alone (C, Control) or in the presence of resistin (10−14–10−6M) for 4 h. After culture, cells were harvested, and receptor mRNA
levels were determined by real-time RT-PCR. Enzymes band intensities were determined and adjusted by the signal intensity for HPRT. The
averaged results were then calculated and expressed as a percentage of vehicle-treated control levels (100%). Data are the mean (±SEM) of
three separate experiments. At least three replicate wells were evaluated per treatment in each experiment. ∗𝑃 < 0, 05 versus corresponding
control.

possibilities can be put forward. It is possible that, depending
on its concentration, resistin might induce different struc-
tural conformations of its receptor(s) and/or the selective
interaction of resistin receptor(s) with other receptors (i.e.,
homo- or heterodimerization), which in turn might modify
resistin activity as it has been reported to occur for other
receptors in response to their corresponding ligands [33].
Anyhow, it is yet unknown whether the effects of resistin are
mediated by one or several receptors because none has been
identified. If there is more than one receptor for resistin, it
could be possible that they may have different affinities for
resistin with different biological effects that could explain
the atypical dose-response curves observed herein. However,

until more data, these explanations are presently speculative.
Resistin could be inducing to 𝛽-oxidation against to promote
fat storage. Other peptides as ghrelin or GHRH being GH
secretagogues have a similar behaviour on lipid metabolism
in the pituitary (preliminary data from our laboratory).
Besides, resistin diminished the IL-6 and TNF-𝛼 mRNA
levels on rat adenopituitary cultures exposed to the adipokine
as occured in the in vivo experiments. These results show
that resistin promotes the 𝛽-oxidation in the pituitary gland,
decreasing the levels of proinflammatory cytokines and that
the adipokine does this action directly on anterior pituitary
cells, showing that the pituitary gland could be a target in the
control of diseases caused by insulin resistance.
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In summary we show that administration of resistin to
rats in vivo and to adenopituitary cell cultures in vitro evoked
important effects on pituitary.

Chronic infusion of central administration of resistin
increased enzymes mRNA levels implicated on lipid 𝛽-
oxidation activity and inhibited mRNA expression levels of
the enzymes involved on lipid synthesis in vivo and in vitro.

Chronic administration of the adipokine decreased IL-
6 and TNF-𝛼 transcripts numbers in vivo and on primary
cultures experiments.

When viewed together, these results provide evidence
that pituitary is a direct and indirect target of resistin action
for lipidmetabolism regulation of the gland itself. It is feasible
that pituitary adipokine expression serves as a link between
peripheral metabolic signals. Pituitary control fat storage
and metabolism could provide another important step in
unraveling the interactions between center, periphery, and
adipocytokines, which will improve our understanding of
metabolic syndrome and obesity.
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Adiponectin and leptin are likely involved in the pathophysiology of rheumatoid arthritis (RA) and therefore potential new
therapeutic targets. Adiponectin inhibition could be expected to enhance cardiovascular metabolic risk. However, it is unknown
whether RA changes the influence of adipokines on cardiovascular metabolic risk. We determined whether RA impacts on the
independent relationships of circulating leptin and adiponectin concentrations with cardiovascular risk factors and carotid intima-
media thickness (cIMT) in 277 black African subjects from a developing population; 119 had RA. RA impacted on the relationships
of adiponectin concentrations with lipid concentrations and blood pressure, independent of confounders including adiposity
(interaction 𝑃 < 0.05). This translated into an association of adiponectin concentrations with more favorable lipid variables
including HDL cholesterol (𝑃 = 0.0005), non-HDL cholesterol (𝑃 = 0.007), and triglyceride (𝑃 = 0.005) concentrations, total
cholesterol-HDL cholesterol (𝑃 = 0.0002) and triglycerides-HDL cholesterol (𝑃 = 0.0003) ratios, and higher systolic (𝑃 = 0.0006),
diastolic (𝑃 = 0.0004), and mean blood pressure (𝑃 = 0.0007) in RA but not non-RA subjects. Leptin was not associated with
metabolic risk after adjustment for adiposity. The cIMT did not differ by RA status, and adipokine concentrations were unrelated
to atherosclerosis. This study suggests that leptin and adiponectin inhibition may not alter overall cardiovascular risk and disease
in RA.

1. Introduction

Since the identification of leptin in 1994, adipose tissue
is no longer regarded as a passive reservoir for energy
storage [1]. Rather, it comprises a highly active metabolic and
endocrine organ that produces a large number of bioactive
peptides [1–4]. These molecules are referred to as adipokines
and substantially modulate metabolic cardiovascular risk
factors including insulin resistance and atherogenesis as
well as inflammatory and immune responses [5–9]. Leptin
and adiponectin are the most studied adipokines. Leptin is
primarily involved in food intake and energy expenditure but
is also proinflammatory [1, 2]. Leptin production is increased

in obesity and hyperleptinemia that reflects leptin resistance
enhances metabolic risk [6]. By contrast, adiponectin is anti-
inflammatory and improves metabolic risk, and its produc-
tion decreases with increasing adiposity [1, 2, 5, 7].

Investigations in patients with RA have mostly shown
increased serum leptin and adiponectin concentrations, and
both adipokines are also produced in inflamed joints [1, 10–
19]. These findings support their involvement in the immune
response in RA. Indeed, leptin induces interleukin-8 in
RA synovial fibroblasts [20] but also has anabolic effects
through stimulation of the expression of cartilage growth
factors [1, 10]. In contrast to its anti-inflammatory role in the
metabolic syndrome, adiponectin induces gene expression
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and protein synthesis in several effector cells involved in
the pathophysiology of RA that result in the production of
an extensive range of proinflammatory and prodestructive
molecules [1, 10, 21–23]. Accordingly, leptin and adiponectin
were proposed as potential new therapeutic targets in RA
[23, 24]. However, whereas rheumatoid arthritis (RA) is
associated withmarkedly enhancedmetabolic cardiovascular
risk and disease [25–27], inhibition of adiponectin would be
expected to further enhance metabolic risk [5, 7].

Available data on the potential contribution of adipokine
metabolism to enhanced CVD in RA is mostly derived in
white subjects from developed populations. Overall, serum
adipokine concentrations as well as adipokine polymor-
phisms were found to be unrelated to atherosclerosis and
cardiovascular event rates in RA [18, 28–31]. Importantly
in the present context, the presence of autoimmunity can
alter the impact of adipokines on cardiovascular metabolic
risk and disease [32, 33]. Indeed, in a recent investigation
by Hahn and colleagues, twice weekly intraperitoneally
administered leptin increased proinflammatory high density
lipoprotein scores and atherosclerosis in high fat diet fed
lupus prone mice but not in nonautoimmune controls [32].
The same group also reported independent relationships
between serum leptin and proinflammatory lipid concen-
trations as well as atherosclerosis in patients with lupus
[33]. Of additional importance in the present context, dif-
ferences between black and white subjects in the gene
encoding adiponectin allele’s frequencies aswell as body types
and metabolic risk factors according to ADPC genotypes
were reported [34]. Whether RA modifies the influence of
adipokines onmetabolic risk, and atherosclerosis is currently
unknown. In order to elucidate the potential anticipated
effects of leptin and adiponectin inhibition on metabolic
cardiovascular risk in RA, in the present investigation, we
examined the impact of RA on the independent relationships
of the respective adipokines with metabolic cardiovascular
risk factors and carotid intima-media thickness (cIMT)
in black African subjects that form part of a developing
population.

2. Methods

2.1. Patients. The present investigation was conducted
according to the principles outlined in the Helsinki decla-
ration. The Committee for Research on Human Subjects
of the University of Witwatersrand approved the protocols
(approval numbers: M02-04-72 and renewed as M07-04-
69 in non-RA subjects and M06-07-33 in RA subjects).
Participants gave informed, written consent. The present
study design has previously been described [35–42]. Briefly,
119 African black patients that met the 1988 American
College of Rheumatology criteria for RA [43] were enrolled
at the Charlotte Maxeke Johannesburg Academic Hospital
and Milpark Hospital [35–38]. All invited patients agreed
to participate. All patients used disease modifying agents
for rheumatic disease (DMARD) at the time of the study.
Age and sex matched non-RA subjects (𝑛 = 158) were
participants in a population study on cardiovascular risk

and disease that is also conducted in Johannesburg [39–42].
This investigation comprises randomly recruited nuclear
families of black African descent with siblings older than
16 years. Serum leptin concentrations were measured in all
non-RA and 112 of non-RA subjects and those of adiponectin
in all RA and 77 of the non-RA subjects. Serum C-reactive
protein (CRP) concentrations and carotid intima-media
thickness (cIMT) were determined in 123 and 91 of the
non-RA subjects. The other recorded variables did not differ
in non-RA subjects with and without adiponectin, CRP, and
carotid ultrasound assessments. Apart from the latter three
investigations, data were missing in fewer than 5% for any of
the recorded characteristics in all participants.

2.2. Baseline Characteristics. We recorded demographic fea-
tures, life style factors comprising alcohol use (at least
one unit per month), and exercise (at least once per
month) that included time spent in walking, for example, to
reach public transportation, cardiovascular, and nonsteroidal
anti-inflammatory drug (NSAID) use. Height, weight, and
waist and hip circumference were measured using stan-
dard approaches. Abdominal obesity and fat distribution
were estimated by waist circumference and waist-hip ratio,
respectively. CRP concentrations were determined using
immunoturbidimetric methods. In patients with RA, we
additionally recorded disease duration, the Clinical Disease
Activity Index (CDAI) [44], rheumatoid factor status, and the
use of traditional or synthetic DMARD. None of the patients
were treated with biological DMARD therapy at the time of
the study.

2.3. Metabolic Cardiovascular Risk Factors. Hypertension
was defined as an average systolic blood pressure ≥140 or/and
diastolic blood pressure ≥90mmHg or/and current use of
antihypertensive medications. Standard laboratory blood
tests of renal and liver function, hematological parameters,
lipids, and glucose were performed. Dyslipidemia was diag-
nosed when the atherogenic index; that is, the cholesterol-
HDL cholesterol ratio was >4, and proatherogenic non-HDL
cholesterol concentrations were calculated by subtracting
HDL cholesterol from total cholesterol concentrations [35–
38, 45]. We documented smoking habits. Diabetes was
identified as the use of glucose lowering agents or a fasting
plasma glucose ≥7mmol/L.

2.4. Carotid Artery Atherosclerosis. Carotid artery intima-
media thickness (cIMT) measurements were made using a
linear array 7.5MHz probe attached to a high resolution
B-mode ultrasound machine (SonoCalc IMT, Sonosite Inc,
Bothell, Wash, USA) in both RA and non-RA subjects, as
recently described [35, 37, 38]. This equipment involves the
application of a unique semiautomated border detection
program that was previously documented to provide highly
reproducible intra- and interrater results in other as well as
our settings [35, 37, 38, 46]. Carotid artery plaque is currently
identified in our RA patients [35, 37, 38] but not in non-RA
subjects, and hence results on plaque are not shown in the
present report.
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2.5. Leptin and Adiponectin Concentrations. Leptin and
adiponectin concentrations weremeasured using solid-phase
sandwich enzyme-linked immunosorbent assays (ELISA)
(QuantakineHS, R&D Systems, Inc., Minneapolis, MN,
USA). The lower detection limit was 7.8 pg/mL for leptin
and 0.246 ng/mL for adiponectin. The inter- and intraassay
coefficients of variation were 4.4 and 3.2%, respectively for
leptin and 6.5 and 3.5%, respectively, for adiponectin.

2.6. Data Analysis. Dichotomous variables are expressed
as proportions or percentages and continuous variables as
mean (SD). Nonnormally distributed characteristics were
logarithmically transformed prior to statistical analysis and
for these variables geometric means (SD) are given.

Disparities in baseline characteristics between RA and
non-RA subjects were compared using the Students 𝑡-test
and univariate logistic regression analysis as appropriate.
Associations of RAwithmetabolic cardiovascular risk factors
and cIMT were investigated in multivariable logistic and
continuous regression models with consistent adjustment for
demographic characteristics since age differed numerically
by RA status and for antihypertensive, statin, and glucose
lowering therapy as appropriate.

The relationships of RA with serum adipokine con-
centrations were first assessed by the Students 𝑡-test and
subsequently in confounder adjusted multivariable linear
regression models.

The associations between baseline characteristics and
adipokine concentrations and of adipokine concentrations
with metabolic cardiovascular risk factors and cIMT were
investigated in confounder adjusted linear regressionmodels.
The impact of RA on these relationships was determined by
the addition of interaction terms (RA × variable of interest)
and their individual terms to the models and in stratified
analysis, that is, in RA and non-RA subjects separately.

Statistical computations were made using the GB Stat
program (Dynamic Microsystems, Inc, Silver Spring, MD,
USA) and SAS software, version 9.1 (The SAS Institute, Cary,
NC).

3. Results

3.1. Baseline Characteristics in Subjects with and without RA.
Table 1 shows the baseline characteristics in the study partici-
pants. Non-RA subjects consumed alcohol more frequently,
exercised more extensively, and smoked more cigarettes
per day than patients with RA. Except for waist-hip ratio,
adiposity indices were reduced in RA compared to non-RA
participants. Patients with RA employed antihypertensives
more often and in larger numbers. None of the non-RA
subjects used statins. Serum C-reactive protein concentra-
tions were similar in RA and non-RA subjects. Mean (SD)
disease duration and CDAI were 12.8 (9.2) years and 8.1
(1.6), respectively, in patients with RA; 17.6% experienced
clinical RA remission (CDAI < 2.8) [44] at the time of the
study. Seventy-seven percent tested rheumatoid factor posi-
tive. Methotrexate, chloroquine, sulphasalazine, leflunomide,
azathioprine, tetracycline, cyclophosphamide, penicillamine,

and prednisone were employed by 91.1, 79.8, 24.4, 20.2, 16.8,
10.1, 5.6, 4.2, and 1.7% of patients, respectively; none were
using biological agents.

3.2. Metabolic Cardiovascular Risk Factor Profiles and Carotid
Atherosclerosis in Subjects with and without RA. Table 2 gives
the metabolic cardiovascular risk factors and atherosclerosis
results in subjects with and without RA. The prevalence of
hypertension, diabetes, blood pressure values, and glucose
concentrations did not differ significantly between partici-
pants with and without RA. By contrast, lipid characteristics
were consistently more favorable in subjects with RA com-
pared to those without RA. The cIMT did not differ by RA
status.

3.3. Serum Leptin and Adiponectin Concentrations in Subjects
with and without RA. The geometric mean (SD) circulating
leptin and adiponectin concentrations were 28 330.88 (2.75),
12 114.63 (2.35) pg/mL, 11.25 (1.83), and 7.28 (2.05) ng/mL in
non-RA and RA participants, respectively (𝑃 < 0.0001 for
both).

In all participants, eight of the baseline characteristics
(Table 1) were associated with leptin or/and adiponectin
concentrations: in age adjusted analysis, female sex related to
leptin and adiponectin concentrations (partial𝑅 = 0.405 (𝑃 <
0.0001) and 0.141 (𝑃 = 0.049), resp.); in age and sex adjusted
analysis, BMI, waist, angiotensin converting inhibitor, and
statin use were associated with leptin concentrations (partial
𝑃 = 0.634 (𝑃 < 0.0001), partial 𝑅 = 0.559 (𝑃 < 0.0001),
partial 𝑅 = −0.126 (𝑃 = 0.04), and partial 𝑅 = −0.158
(𝑃 = 0.009), resp.), and BMI, waist, waist-hip ratio, CRP
concentrations and angiotensin converting enzyme inhibitor,
diuretic, and statin use were associated with adiponectin
concentrations (partial 𝑅 = −0.142, 𝑃 = 0.05), partial 𝑅 =
−0.284 (𝑃 < 0.0001), partial𝑅=−0.182 (𝑃 = 0.01), partial𝑅=
−0.224 (𝑃 = 0.005), (partial 𝑅 = −0.254 (𝑃 < 0.0001), partial
𝑅 = −0.185 (𝑃 = 0.01), and partial 𝑅 = −0.164 (𝑃 = 0.02),
resp.).

When age as well as the potential confounders of sex, BMI
(for leptin), waist (for adiponectin), CRP concentrations and
angiotensin converting inhibitor, diuretic, and statin use were
adjusted for, leptin and adiponectin concentrations remained
higher in non-RA compared to RA subjects (𝑃 < 0.0001 and
0.0002, resp.).

3.4. The Impact of RA on the Relationships between Serum
Adipokine Concentrations, Metabolic Risk Factors and Carotid
Atherosclerosis. Table 3 gives the age, sex, antihypertensive
agent, statin, and glucose lowering drug use (as appropri-
ate) adjusted associations of adipokine concentrations with
metabolic cardiovascular risk factors and cIMT. RA impacted
on the relationships between leptin concentrations and blood
pressure, lipid and glucose concentrations and cIMT. These
results translated into an association of leptin concentrations
with high diastolic and mean blood pressure in RA but not
non-RA subjects and a relationship of leptin concentrations
with a high total cholesterol-HDL cholesterol ratio, triglyc-
eride concentrations and the triglycerides-HDL cholesterol
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Table 1: Baseline characteristics in subjects with and without rheumatoid arthritis.

Characteristic Rheumatoid arthritis
𝑃

Present (𝑛 = 119) Absent (𝑛 = 158)
Demographics

Age 55.8 (10.2) 56.5 (10.9) 0.6
Female (%) 89.1 86.1 0.4

Lifestyle factors
Alcohol use (%) 0.8 17.7 0.006

Units per week, 𝑛∗ 0.01 (0.07) 0.27 (1.09) 0.001
Exercise (%) 40.3 43.0 0.6

Hours per week, 𝑛∗ 0.01 (1.00) 1.7 (2.4) 0.0001
Smoking (%) 3.4 8.2 0.1

Cigarettes per day 0.05 (0.37) 0.15 (0.69) 0.06
Anthropometric measures

BMI, kg/m2 29.3 (6.6) 33.7 (8.0) <0.0001
Waist circumference, cm 93.3 (13.4) 97.5 (15.1) 0.02
Waist-hip ratio∗ 0.86 (0.12) 0.85 (0.10) 0.4

Cardiovascular drugs
Antihypertensive agents

Use (%) 54.6 40.0 0.02
Number 1.0 (1.1) 0.5 (0.7) <0.0001
Diuretic (%) 39.5 38.6 0.9
ACEI (%) 39.5 7.0 <0.0001
CCB (%) 17.7 5.1 0.002
BB (%) 3.4 0 —
ARB (%) 0.8 0 —

Glucose lowering agents
Oral glucose lowering agent (%) 13.5 10.1 0.4
Insulin (%) 0.8 2.5 0.6

Statin (%) 19.4 0 —
NSAID (%) 6.7 4.4 0.3
Systemic inflammation

CRP (mg/L)∗ 7.0 (3.1) 6.7 (3.1) 0.7
Results are expressed as mean (SD) or proportions/percentages. 𝑁: number; BMI: body mass index; ACEI: angiotensin converting enzyme inhibitor; CCB:
calcium channel blocker, BB: beta blocker, ARB: angiotensin receptor blocker; NSAID: nonsteroidal anti-inflammatory agent; CRP: C-reactive protein.
∗Nonnormally distributed variables for which geometric mean (SD) is given.
†Denotes active RA.

ratios in non-RA but not non-RA participants. RA impacted
on the relationships between adiponectin concentrations,
and blood pressure and lipid concentrations. These results
translated into an association of adiponectin concentrations
with high systolic and mean blood pressure as well as low
LDL and high HDL cholesterol concentrations and low total-
HDL cholesterol and triglycerides-HDL cholesterol ratios in
RA but not non-RA subjects, and adiponectin concentrations
were more strongly associated with non-HDL cholesterol
concentrations and the triglycerides-HDL cholesterol ratio in
RA compared to non-RA subjects.

We repeated the analyses in Table 3 with further adjust-
ment for adiposity indices as well as other potential con-
founders (see above). As shown in Table 4, the associations
of leptin concentrations with metabolic risk factors were no
longer significant in either RA or non-RA subjects. However,
adiponectin concentrations remained strongly associated

with high systolic, diastolic, and mean blood pressure as
well as low LDL and non-HDL cholesterol and triglyceride
concentrations, high HDL cholesterol concentrations, and
low total-HDL cholesterol and triglycerides-HDL cholesterol
ratios in RA, whereas no associations withmetabolic risk fac-
tors were present any longer in non-RA subjects. Adiponectin
concentrations remained unassociated with cIMT in both
RA and non-RA participants. The lack of significance for
the associations of adipokine concentrationswith triglyceride
concentrations and the triglycerides-HDL cholesterol ratio
despite the presence of relatively large partial correlation
coefficients in non-RA subjects was due to the presence of
large standard errors of the regression coefficients in the
respective models (>0.135 compared to <0.096 in RA and
non-RA subjects, resp.).

We reevaluated the associations of adiponectin concen-
trations with high blood pressure values in RA (Table 4)
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Table 2: Metabolic cardiovascular risk factor profiles and carotid atherosclerosis in subjects with and without rheumatoid arthritis.

Characteristic Rheumatoid arthritis
Present (𝑛 = 119) Absent (𝑛 = 158)

Categorical variables OR (95% CI)∗

Hypertension (%) 74.0 65.2 1.47 (0.87 to 2.48)
Total C-HDL C ratio > 4 21.7 33.8 0.53 (0.29 to 0.96)
Diabetes (%) 16.0 12.0 1.46 (0.74 to 2.88)
Continuous variables 𝑃∗

Blood pressure values
SBP, mmHg 140 (25) 137 (22) 0.3
DBP, mmHg 86 (15) 87 (13) 0.5
MBP, mmHg 104 (17) 104 (15) 0.9

Lipid values
Total C, mmol/L 4.7 (0.9) 5.1 (1.2) 0.02
HDL C†, mmol/L 1.48 (1.34) 1.39 (1.32) 0.04
Total C-HDL C ratio 3.2 (1.1) 3.7 (1.3) 0.0002
LDL C, mmol/L 2.6 (0.8) 3.0 (1.0) 0.003
Non HDL C, mmol/L 3.1 (0.9) 3.6 (1.2) 0.0001
Trig†, mmol/L 1.1 (1.7) 1.2 (1.6) 0.03
Trig-HDL C ratio† 0.73 (2.05) 0.87 (1.85) 0.01

Cigarettes smoked per day†, 𝑛 0.05 (0.37) 0.15 (0.68) 0.08
Glucose†, mmol/L 5.3 (1.4) 5.5 (1.4) 0.1
Carotid atherosclerosis

cIMT, mm 0.694 (0.098) 0.704 (0.121) 0.5
Results are expressed in mean (SD) or proportions/percentages. Significant associations are shown in bold. C: cholesterol; HDL: high density lipoprotein; Trig:
triglycerides; SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure; LDL: low density lipoprotein; 𝑛: number; CHD: coronary
heart disease; CVD: cardiovascular disease; cIMT: carotid intima-media thickness.
∗Adjusted for age and sex with additional adjustment for antihypertensive, statin, and glucose lowering therapy in models that included blood pressure, lipid,
and glucose variables, respectively.
†Nonnormally distributed variables for which geometric means (SD) are given.

in additional models.This revealed that when other potential
confounders including life style factors (smoking, exercise
status, and alcohol use) and leflunomide use [47] were
additionally adjusted for, the respective relationships were
unaltered (partial𝑅 = 0.347, 0.270, and 0.329 and𝑃 = 0.0004,
0.007, and 0.0008 for systolic, diastolic, and mean blood
pressure, resp.).

4. Discussion

In the present study performed in black African people
from a developing population, comprehensive cardiovascular
risk factor assessment in both persons with and without
RA allowed us to compare the relationships of circulating
adipokine concentrations with metabolic cardiovascular risk
factors and cIMT between both groups. The most novel
finding produced by this investigation is that RA impacts
consistently on several potentially important independent
adiponectin concentration-metabolic cardiovascular risk fac-
tor associations that translate into disparities in the respective
relationships in RA compared to non-RA subjects. Leptin
concentrations were not independently related to cardio-
vascular risk. Neither leptin nor adiponectin concentrations
were associated with atherosclerosis. Leptin antagonism

reduced disease severity in a preclinical animal model of
rheumatoid arthritis [24], and several studies have indicated
that adiponectin is involved in the progression of RA [1,
10, 21–23, 48, 49]. Therefore, our findings have important
potential implications in the management of RA as related
to the possible use of leptin and adiponectin inhibition in RA
[23, 24].

The absence of independent relationships of leptin con-
centrations in both non RA and RA subjects and adiponectin
concentrations in non-RA subjects with metabolic risk, as
found in our study, suggests that leptin and adiponectin are
markers of fat mass rather than independent metabolic risk
factors in the respective groups. In contrast, adiponectin
concentrations associated strongly and favorably with all
recorded lipid variables except for total and LDL cholesterol
as reported in the population at large [1, 2, 5, 7], but consis-
tently with high systolic and diastolic as well as mean blood
pressure in RA subjects. The latter relationships in RA per-
sisted even after additional potential determinants of hyper-
tension including lifestyle factors and leflunomide use were
accounted for. Our finding that adiponectin concentration-
metabolic risk factor relationships differed by RA status
suggests that the influence of adiponectin on metabolic
cardiovascular risk factors as identified in non-RA subjects
cannot be merely extrapolated to patients with RA.
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Table 3: Impact of RA on the age and sex adjusted relationships between serum adipokine concentrations and metabolic risk factors and
carotid atherosclerosis.

Leptin∗ Adiponectin∗

Potential characteristic Interaction 𝑃 RA (𝑛 = 112) Non-RA (𝑛 = 158) RA (𝑛 = 119) Non-RA (𝑛 = 77)
Partial 𝑅 𝑃 Partial 𝑅 𝑃

Interaction 𝑃
Partial 𝑅 𝑃 Partial 𝑅 𝑃

SBP 0.6 0.110 0.3 0.019 0.8 0.0009 0.257 0.005 0.093 0.4
DBP 0.0008 0.248 0.009 0.044 0.6 <0.0001 0.174 0.06 −0.009 0.9
MBP 0.09 0.201 0.04 0.034 0.7 <0.0001 0.229 0.01 0.037 0.8
Total C 0.0003 −0.022 0.8 0.123 0.1 0.2 −0.113 0.2 0.040 0.7
HDL C∗ 0.9 −0.117 0.2 −0.089 0.3 <0.0001 0.442 <0.0001 0.224 0.06
Total C-HDL C ratio <0.0001 0.095 0.3 0.178 0.03 <0.0001 −0.466 <0.0001 −0.202 0.08
LDL C <0.0001 −0.014 0.9 0.148 0.07 0.06 −0.187 0.049 −0.069 0.6
Non HDL C 0.002 0.048 0.6 0.159 0.05 0.0008 −0.322 0.0005 −0.021 0.9
Trig∗ 1.0 0.124 0.2 0.161 0.046 0.8 −0.366 <0.0001 −0.295 0.01
Trig-HDL C ratio∗ 0.9 0.139 0.2 0.163 0.045 0.0009 −0.456 <0.0001 −0.347 0.002
Glucose∗ 0.0003 0.084 0.4 0.082 0.3 0.1 −0.142 0.1 −0.152 0.2
cIMT 0.006 0.144 0.1 0.112 0.3 0.2 −0.076 0.4 −0.008 1.0
Additional adjustment was made for antihypertensive agent use, statins and oral glucose lowering agent, and insulin use in models that included blood
pressure, lipid variables, and glucose concentrations, respectively. SBP: systolic blood pressure; DBP: diastolic blood pressure; C: cholesterol; HDL: high density
lipoprotein; LDL: low density lipoprotein; trig: triglycerides; CRP: C-reactive protein; cIMT: carotid intima-media thickness.
∗Logarithmically transformed in view of nonnormal distribution.

Table 4: Impact of RA on the independent relationships of serum leptin and adiponectin concentrations with metabolic risk factors and
carotid atherosclerosis.

Leptin∗ Adiponectin∗

Potential characteristic RA (𝑛 = 112) Non-RA (𝑛 = 158) RA (𝑛 = 119) Non-RA (𝑛 = 77)
Partial 𝑅 𝑃 Partial 𝑅 𝑃 Partial 𝑅 𝑃 Partial 𝑅 𝑃

SBP −0.048 0.6 −0.018 0.9 0.331 0.0006 0.067 0.7
DBP 0.109 0.3 0.014 0.9 0.280 0.004 −0.050 0.8
MBP 0.042 0.7 −0.000 1.0 0.329 0.0007 0.001 1.0
Total C −0.035 0.7 0.091 0.3 −0.115 0.3 −0.018 0.9
HDL C∗ −0.113 0.3 0.009 0.9 0.335 0.0005 0.103 0.6
Total C-HDL C ratio −0.076 0.5 0.068 0.5 −0.363 0.0002 −0.120 0.5
LDL C −0.024 0.8 0.064 0.5 −0.149 0.1 −0.039 0.8
Non HDL C 0.038 0.7 0.087 0.4 −0.263 0.007 −0.036 0.8
Trig∗ 0.120 0.2 0.093 0.3 −0.271 0.005 −0.281 0.1
Trig-HDL C ratio∗ 0.136 0.2 0.066 0.5 −0.347 0.0003 −0.291 0.1
Glucose∗ 0.012 0.9 −0.020 0.8 −0.125 0.2 −0.151 0.4
cIMT 0.123 0.2 0.023 0.9 −0.096 0.3 0.008 1.0
Age, sex, body mass index (for leptin), waist (for adiponectin), C-reactive protein concentrations, angiotensin converting enzyme inhibitors and diuretic use,
and stain therapy were adjusted for in each model. Additional adjustment was made for the use of any antihypertensive agents, oral glucose lowering agent
and insulin use in models that included blood pressure and glucose concentrations, respectively. SBP: systolic blood pressure; DBP: diastolic blood pressure; C:
cholesterol; HDL: high density lipoprotein; LDL: low density lipoprotein; trig: triglycerides; CRP: C-reactive protein; cIMT: carotid intima-media thickness.
∗Logarithmically transformed in view of nonnormal distribution.

The cIMT was similar in RA compared with non-RA
subjects. Hence, the relative potential adverse influence of
circulating adiponectin on blood pressure may be counter-
balanced by its beneficial impact on lipidmetabolism, thereby
resulting in an overall neutral effect on atherosclerosis in RA.
Taken together, our results suggest that interventions that
alter the production or inhibit the effects of adiponectin may
influence individual metabolic risk factors but not overall
adiponectin-mediated cardiovascular risk and disease in RA.

Interestingly, glucocorticoid [50] and synthetic and biologic
DMARD [51–53] can also alter adiponectin production in
RA. Leptin inhibition would not be expected to influence
either leptin-mediated metabolic risk or atherosclerosis in
RA.

Previous studies reported higher or similar serum leptin
and adiponectin concentrations in RA compared to non-
RA subjects [1, 10–19]. In the present study, we found that
RA is associated with reduced circulating concentrations
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of both adipokines. Congruent with this finding and of likely
importance in the present context, Ukkola and colleagues
recently reported disparities in body composition, the insulin
response to glucose and plasma lipid concentrations accord-
ing to the different alleles of the gene encoding adiponectin
in black and white subjects [34]. Reported findings and our
results therefore strongly suggest that adipokine produc-
tion in RA and the influence of circulating adipokines on
metabolic cardiovascular risk factors are population specific
and, hence, also argue against extrapolation of findings on
adipokine metabolism from one population to another in
cardiovascular risk management.

Hypertension is associated with reduced adiponectin
concentrations, and low adiponectin levels were shown
to increase the risk of hypertension in the population at
large [5, 54, 55]. The strong and independent association
of adiponectin concentrations with blood pressure in our
patients with RA is therefore unexpected. We included only
black Africans, whereas the impact of adiposity on cardio-
vascular risk may differ by population grouping [35]. Indeed,
in a previous investigation in 33 white patients with RA that
were treated with the tumor necrosis factor-alpha antagonist
infliximab, we found that adiponectin concentrations were
inversely related to atherogenic lipid ratios and plasma
glucose concentrations but not to blood pressure [56].

Our cross-sectional study design precludes, however,
drawing inferences on the direction of causality. Thus, our
findings on adiponectin-blood pressure relationships in RA
could conceptually also have resulted from a compensatory
increase of adiponectin production in response to refrac-
tory hypertension, as observed in our patients, and caused
by factors other than adiponectin, and in an attempt to
reduce blood pressure values. A compensatory increase
in adiponectin production in the presence of high grade
inflammation and in an attempt to reduce inflammation was
previously also postulated to underlie increased adiponectin
serum concentrations in patients with RA from developed
populations [10, 11]. Further prospective longitudinal and
mechanistic studies are required to elucidate the relationship
between circulating adiponectin concentrations and blood
pressure in RA. Also, whether the positive adiponectin
concentration-blood pressure relationships in RA as found in
the present investigation translate in accelerated incident car-
diovascular risk and disease merits additional investigation.

The present study has further limitations. Carotid artery
plaques are more strongly associated with CAD and lipids
than cIMT that relates more closely to stroke and blood
pressure [35]. Nevertheless, both cIMT and plaque predict
future cardiovascular event rates in RA and non-RA subjects
irrespective of population grouping [57–60]. We measured
circulating total adiponectin concentrations. Amongst its
different isoforms, it is high molecular weight adiponectin
that reportedly confers the vascular-protective activities in
the general population [61].

In conclusion, considering previously reported findings,
this study suggests that altered adipokine production in RA is
population specific. RAmodifies adiponectin concentration-
metabolic risk factor relationships. Individual cardiovascu-
lar risk factors and particularly serum lipid concentrations

require close monitoring upon employing interventions that
alter adiponectin production or inhibit its effects in RA.
However, whereas leptin and adiponectin inhibition could
improve disease activity, this intervention may also not result
in altered overall cardiovascular and disease in RA.
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As the size of adipocytes increases during obesity, the establishment of resident immune cells in adipose tissue becomes an
important source of proinflammatory mediators. Exercise and caloric restriction are two important, nonpharmacological tools
against body mass increase. To date, their effects on the immune cells of adipose tissue in obese organisms, specifically when a
high-fat diet is consumed, have been poorly investigated. Thus, after consuming a high-fat diet, mice were submitted to chronic
swimming training or a 30% caloric restriction in order to investigate the effects of both interventions on resident immune cells in
adipose tissue. These strategies were able to reduce body mass and resulted in changes in the number of resident immune cells in
the adipose tissue and levels of cytokines/chemokines in serum. While exercise increased the number of NK cells in adipose tissue
and serum levels of IL-6 and RANTES, caloric restriction increased the CD4+/CD8+ cell ratio and MCP-1 levels. Together, these
data demonstrated that exercise and caloric restriction modulate resident immune cells in adipose tissues differently in spite of an
equivalent body weight reduction. Additionally, the results also reinforce the idea that a combination of both strategies is better
than either individually for combating obesity.

1. Introduction

Chronic, low-grade inflammation is associated with insulin
resistance, type 2 diabetes, and several types of cancer [1, 2].
These detrimental conditions are also associated with obesity
[3]. As visceral and subcutaneous adipocytes increase in size,
monocytes and CD4+ and CD8+ T cells migrate to adipose
tissue (AT) [4] initiating the release of proinflammatory
mediators (e.g., IL-1𝛽, IL-6, RANTES, MCP-1, and IL-18)
inducing local insulin resistance [5]. Thus, the expanded
ATs and their populations of resident immune cells consti-
tute the main microenvironment in which proinflammatory
cytokines are produced and released in the organism [6].

Physical activity and caloric restriction (CR) are both
nonpharmacological strategies recommended to reduce obe-
sity [7]. Although the beneficial effects of exercise are well
described in skeletal muscle and the liver, the same is not
true for AT [7–9]. Additionally, there is little information
concerning the effects of both weight reduction strategies
on immune cell populations that reside in AT. In relation
to CR, though its importance in reducing body weight is
unquestionable, consumption of a healthy diet requires such
marked lifestyle changes that many individuals are unable to
comply with one of them.

Thus, it is important to investigate whether physical
exercise and CR are able to promote a healthy lifestyle while
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maintaining a high-fat (HF) diet. The aim of this study
was investigate the effect of physical exercise or CR on AT
immune cells in diet-induced obese mice.

2. Materials and Methods

2.1. Animals. Male C57BL/6 (𝑛 = 20, 5 per group)mice (aged
8–12 weeks; 23–26 g) were obtained from the Animal Care
Facility at the Federal University of São Paulo (UNIFESP).
All animals were housed in standard, individual cages and
had access to water and food. To examine the changes in
stromal vascular cell populations in adipose tissue under
conditions of diet-induced obesity, we divided the C57BL/6
mice into four groups and fed them either a standard chow
diet (6% fat, Nuvilab mod. CR-1) or a high-fat diet (D12451,
45% Kcal fat, Research Diets). At 16 weeks, the mice were
further subdivided into the following groups: (1) a control
group fed a normal, low-fat (LF) chow; (2) a control group
fed a high-fat (HF) diet; (3) a dietary restriction group fed a
30% high-fat diet (HFREST); and (4) an exercise group fed
a high-fat diet that participated in 60 minutes of swimming
(HFEX). Food consumption was controlled every day. Based
on the quantity of high-fat diet chow consumed and using
of the macronutrient composition as reference, we calculated
the energy intake. The 30% caloric restriction was designed
taking HF consumption as a reference.

All procedures were previously reviewed and approved by
the internal ethical committee of the institution.

2.2. Exercise Protocol. The HFEX animals were subject to
swimming sessions in a swimming system adapted for mice
with water heated to 30∘C. The 300 liter tank had 10 lanes
and was fitted with air pumps that maintained the mice in
constant motion. Swimming sessions began with 15 minutes
in the first week and gradually increased in length until the
mice were able to swim for 60minutes a day. At this point, the
HFEXmice were subjected to swimming sessions 5 times per
week for 6weeks. Both the exercise and the dietary restriction
groups were subject to their respective intervention for 6
weeks.

The mice were anesthetized with ketamine/xylazine for
blood collection via retroorbital venous plexus and then
killed by cervical dislocation. The blood was centrifuged at
1000 g for 10 minutes. The serum was removed and stored
at −80∘C for future analysis. We collected a 1 g sample of
adipose inguinal from each group and subjected the sample
to enzymatic degradation. All animals were weighed weekly
until the end of the experiments.

2.3. Isolation of the Stromal Vascular Fraction (Sfv) and Flow
Cytometry. After sacrificing the mouse, inguinal adipose tis-
sue (IAT) was extracted, weighed, and subjected to enzymatic
degradation as previously described [10]. After the isolation
of the IAT SFV cells, 200𝜇L of FCS washing buffer (1x PBS,
2% SFC) was added, and the solution was centrifuged for
5 minutes. After the supernatant was discarded, the pellet
was resuspended in FCS and centrifuged for 5 minutes at

600 g. The cells were stained with anti-CD8 (Caltag-FITC-
Medsystems, Buckingham, UK), anti-CD4 (blue-Pacific-
BioLegend), anti-F4/80 (PerCP-Bioscience), and anti-NK.1
(PE-Bioscience) antibodies. The stromal cells were acquired
via FACS in a Canto II flow cytometer (BD, Becton Dickin-
son, NJ, USA). The data analyses were completed using the
program FlowJo 8.7.4. (Tree Star Inc., Ashland, OR, USA).

2.4. Analysis of Cytokines in Serum. Serum samples were
stored at −80∘C. The panel used for the Milliplex Mouse
cytokine/chemokine immunoassay included the following
cytokines: MCP-1, RANTES, TNF-alpha (tumor necrosis
factor), IL-6, and IL1-𝛽. Testing was conducted in accordance
with the procedures previously described by the manufac-
turer (Milliplex Mouse cytokine/chemokine panel).

2.5. Glucose Tolerance Test. The glucose tolerance test (GTT)
was carried out in animals fasted for 12 hours. To avoid
stress, there was an interval of 7 days between tests. Glycemia
was measured using a glucometer (Accu-Chek Advantage)
measuring blood drops obtained from the tail vein. For
GTT 1 g glucose per kg of body weight (BW) was injected
intraperitoneally. Glucose levels were determined at baseline,
0, 15, 30, 60, and 120min after the injection of glucose.

2.6. Statistical Analysis. The data were presented as the
mean ± standard error in the descriptive text and graphics.
All experiments were compared using One Way ANOVA
followed by post-hoc Tukey test. Significant differences were
determined when the 𝑃 value was less than 0.05 (𝑃 < 0.05).
The graphics were developed in Prism 5.0.

3. Results

Animals subjected to the HF diet consumed more calories
compared with mice from the LF diet group (Figure 1(a)).
Higher caloric consumption was accompanied by an increase
inmouse total bodymass (Figure 1(b)). Swimming combined
with the HF diet was able to reduce mouse body weight
similar to that observed in animals administered caloric
restriction (Figure 1(b)). There was no difference in inguinal
adipose tissue (IAT) and brown adipose tissue (BAT) between
trained animals and those submitted to caloric restriction
(Figures 1(c) and 1(d)); however, trained animals presented
more BAT than animals from LF group (Figure 1(d)).

It is known that obesity is associated with systemic, low-
grade inflammation. Therefore, we investigated the effects of
a HF diet, exercise, and diet restriction in our study groups
by evaluating the serum levels of several proinflammatory
cytokines. We observed increased levels of IL-1𝛽 in the HF
diet group and a reduction of this cytokine in both interven-
tion groups (exercise and caloric restriction) (Figure 2(a)).
TNF-𝛼 serum levels were not affected by the changes in diet
and exercise investigated in this study (Figure 2(b)).

In addition to exerting both pro- and anti-inflammatory
functions, IL-6 also plays important roles in both obesity
and physical exercise. While the HF diet did not change IL-
6 levels, exercise training increased its levels (Figure 2(c)).
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Figure 1: (a) Weekly caloric intake of animals subjected to the control diet (LF), high-fat diet (HF), high-fat diet with exercise (HFEX 60),
and high-fat diet with 30% food restriction (HFREST). (b) Mouse body weights (g). (c) Relative weight of IAT (inguinal adipose tissue). (d)
Relative weight of BAT (brown adipose tissue). Mean ± SEM, 𝑛 = 5mice per group. ∗∗∗𝑃 < 0.001, ∗∗𝑃 < 0.01, ∗𝑃 < 0.05.

Reduction of body weight was unable to induce changes in
IL-6 levels as no differences were observed in animals from
the caloric restriction group (Figure 2(c)).

Animals subjected to swimming had significantly
increased RANTES serum levels (regulated upon activation,
normal T cells expressed and secreted). The increases in
body mass and IAT observed in animals submitted to the
HF diet did not lead to changes in RANTES levels, albeit
AT lymphocyte infiltration during obesity is expected.
Nevertheless, physical exercise increased RANTES serum
levels, while caloric restriction did not change its levels
(Figure 2(d)). Moreover, MCP-1 (monocyte chemoattractant
protein-1) was reduced by exercise and was not affected by
caloric restriction (Figure 2(e)).

Because immune cells that reside in obese AT actively
secrete proinflammatory cytokines and chemokines, we eval-
uated the effect of the HF diet and both interventions on AT
leukocyte populations.Weobserved a reduction inCD4+ and
CD8+ T lymphocytes in AT in animals submitted to both
interventions in comparison with animals consuming the HF
diet (Figures 3(a) and 3(b)). Because CD8+ cells were more

reduced thanCD4+ cells, an increasedCD4+/CD8+ ratiowas
observed (Figure 3(e)). The natural killer cell marker (NK1.1)
was affected only by caloric restriction (Figure 3(c)). Also, we
observed that both exercise and caloric restriction were able
to reverse the increased macrophage infiltration observed in
the HF diet group (Figure 3(d)).

Concerning glucose tolerance test, it was observed that
only caloric restriction was able to improve this parameter in
comparison to HF group (Figure 4).

4. Discussion

Immune cells reside in lean and obese adipose tissue
but exhibit different characteristics in each condition. As
adipocytes increase in size, these immune cells change in
terms of number and functionality. Moreover, such changes
in immune cells contribute actively to the establishment
of local and systemic low-grade inflammation [11]. Regular
exercise is an important nonpharmacological strategy for
treating obesity as it protects against the increases in body
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Figure 2: Cytokine concentrations (pg/mL) in mouse serum subjected to control diet (LF, 𝑛 = 12), high-fat diet (HF, 𝑛 = 12), high-fat diet
with exercise 60 (HFEX 60, 𝑛 = 8), and high-fat diet with 30% food restriction (HFREST, 𝑛 = 8). (a) IL-1𝛽, (b) TNF-𝛼, (c) IL-6, (d) RANTES,
and (e) MCP-1. Mean ± SEM. ∗∗∗𝑃 < 0.001, ∗∗𝑃 < 0.01, ∗𝑃 < 0.05.

mass and counterbalances several deleterious consequences
due to its anti-inflammatory effects [12]. Normally, exercise
intervention with dietary modifications is suggested to com-
bat obesity; the combination of both interventions works
better than exercise alone [13–15]. However, little is known
about the benefits of exercise when dietary modifications are
not prescribed.

Because our results demonstrated that chronic exercise
is able to counterbalance several immune changes induced
by HF (or promotes different changes), it appears that this
intervention is beneficial even when a high-fat diet is main-
tained. It was previously demonstrated that AT expansion
reduces the number of resident NK cells. NK cells produce
significant amounts of gamma interferon (IFN-𝛾), promoting
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Figure 3: Quantification of cells expressing CD4, CD8, NK1.1, and F4/80 (macrophage) in inguinal adipose tissue ofmice subjected to control
diet (LF), high-fat diet (HF), high-fat diet with exercise (HFEX 60), and high-fat diet with 30% food restriction (HFREST). (a) CD4 cells, (b)
CD8 cells, (c) NK1.1 cells, (d) F4/80 cells, and (e) ratio of CD4/CD8.Mean ± SEM, 𝑛 = 5mice per group. ∗∗∗𝑃 < 0.001, ∗∗𝑃 < 0.01, ∗𝑃 < 0.05.

an inflammatory state in AT. Studies have also shown that
reducing the presence of inflammatory cells in AT improves
glucose tolerance in IFN-𝛾-deficient mice [16]. IFN-𝛾 is also
able to inhibit the Hedgehog signaling pathway involved

in adipocyte differentiation [17]. The ability of exercise to
promote an increase in the number of NK cells in AT may
also reflect another type of cell infiltration, such as NKT, that
appears to display a protective role. The absence of changes
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in the number of NK cells corroborates with two previous
studies which reported that loss of NK cells has little or no
effect on metabolic parameters after a 45% HF diet for 26
weeks or 60% of the same diet for 12 weeks [18, 19].

In concordance with previous results [20, 21] we
observed an increased frequency of macrophages in obese
AT. Macrophages are responsive to TLR stimuli producing
marked amounts of proinflammatory cytokines (e.g., IL-12,
TNF, IL-1𝛽, and IL-6) increasing AT inflammatory response
[22]. Additionally, these immune mediators are involved in
insulin resistance and type 2 diabetes in obese organisms
[23]. Thus, our data regarding macrophages and adipose
tissue from the HF diet animals were in accordance with
previous studies that showed that an increased infiltration
of macrophages in AT was observed. Although we did not
evaluate the macrophage profile (e.g., M1 and M2) in AT, we
verified that the increase in macrophage number andMCP-1,
an important molecule in the recruitment of these cells [24],
promoted by HF, was reversed by exercise.

In this study, increased macrophage infiltration due to
HF was followed by an increased number of CD8+ T cells
in the AT. Conversely, macrophage reduction promoted by
exercise and caloric restriction was followed by a decreased
number of CD8+ T cells. Adaptive T cells are also related to
macrophage infiltration in AT [25]. CD8+ T cells increase
3 to 4 times in the AT of humans and animals subjected
to high-fat diets and produce large amounts of cytokines
and chemokines. Nishimura and et al. [25] reported that
CD8+ T cell neutralization reduced macrophage infiltration
and insulin resistance in mice fed with a high-fat diet. The
adoptive transfer of CD8+ T cells to mice deficient in this
cell population aggravates inflammation in the AT. Together,
these data suggest that CD8+ T cells are activated in the AT

of obesemice and that these lymphocytes inducemacrophage
activation and migration to AT.

CD4+ T cells also play a pivotal role in the progression
of obesity and are associated with inflammation via cytokine
secretion. In Rag-1 KO mice, reconstitution of CD4+ T
cells reduced the increment in body weight, adipocytes size,
glucose tolerance, and insulin signaling [26, 27]. In this sense,
it is tempting to speculate that the increase of CD4+ T
cells due to a HF diet could compensate for the increased
inflammation in AT. The reduction of these cells induced by
exercise and caloric restriction suggests that inflammation
improvement in AT induces a reduction in CD4+ T cells.

In the blood as well as in most tissues, the CD4+/CD8+
T-cell ratio is generally greater than 2 to 1. HF consumption
induced a reduction in this ratio in AT. It is important to note
that only caloric restriction was able to restore the CD4+ and
CD8+ numbers to the levels observed in LF group, and this
could be related to the different responses observed in the
glucose tolerance test.

Since immune cells that reside in adipose tissue are
an important source of proinflammatory cytokines and
chemokines in obesity, we decided to investigate whether an
HF diet and interventions affected cytokines. The HF diet
reduced MCP-1 and increased RANTES in serum compared
with the control. RANTES is a potent chemoattractant for
several cell types [28], including NK cells [29]; its increase
in the serum of control animals could be due to the higher
number of NK cells in these animals.

Interleukin-6 is a widely studied cytokine in exercise.
It has been demonstrated to be increased by up to 100
times in exhaustive acute exercise promoted by skeletal
muscle glycogen depletion [12]. Investigations on the effects
of chronic exercise on IL-6 revealed that physical training
reduces its levels. Our data, in opposition, demonstrated that
chronic swimming increased IL-6. Higher increases in IL-
6 levels, in response to exercise, have been associated with
the reduction of glycogen stores [12]. In our study, mice were
subjected to anHFdiet during initial swimming training, and
this diet wasmaintained throughout the study.This difference
in study design could explain the discrepancy among our data
and those from other studies that investigated the effect of
chronic exercise on IL-6 levels. Our results show that the
anti-inflammatory effects of exercise are present regardless
of whether the exercise promotes body mass reduction [12].
In our study, all the changes promoted by exercise were
accompanied by a reduction in body mass, AT, and caloric
intake. Interesting, it seems that these reductionswere not the
only factor in determining the changes in AT cell populations
or serum cytokines. Although exercise and caloric restriction
have both induced a reduction in bodymass andATmass, the
biological repercussions of both interventions were different.
For example, fewer NK and CD4+ cells were observed in
response to changes in diet as compared to exercise.

Additionally, the effects of dietary restriction on MCP-
1, RANTES, and IL-6 levels were different in comparison
to those observed in the trained group. These observations
suggest that exercise and caloric restriction, thought to be
able to attain the same goal, proceed by different mechanisms
[30]. Another example of this statement is reduction of food
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intake promoted by exercise. In accordance with previous
studies [31, 32], such effect could be related to the effect
of exercise on leptin sensitivity on central nervous system.
Trained animals also presented an enhancement of BAT in
comparison to LF group and it is tempting to speculate
that a change in thermogenesis could influence body weight
reduction in trained animals. Therefore, our results suggest
that the effect of chronic exercise was not restricted to caloric
expenditure due exercise practice.

A few limitations must also be discussed. Because the
changes we observed in the levels of circulating cytokines
were not strictly related to the local number of resident
immune cells, it is important to note that the absence of
detection experiments of adipose tissue cytokines constitute
a limitation of our study. Also, note that exercise intensity is
an important factor for adaptations to occur. Thus, other dif-
ferent intensities from that which we evaluated could induce
different immune changes from those observed herein, and
this must be considered as a limitation of our design.

5. Conclusions

Our data demonstrate that both exercise and caloric restric-
tion were able to counterbalance the deleterious effects
induced by anHF diet.The interventions induced a reduction
in body mass and body fat. However, these reductions could
not explain all the results because the effects of dietary
restriction and exercise were not the same. The exercise
appears to affect innate immunity (i.e., NK1.1), while dietary
restriction influenced adaptive immunity (i.e., CD4+/CD8+
ratio). Both interventions affected cytokine and chemokine
levels in different manners.
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Insulin resistance (IR) is considered to be one of the most important pathogenesis of glycolipid metabolism disorders. However,
the molecular mechanism responsible for IR is not fully understood. Recently, the chronic inflammation has been proposed to
be involved in the pathogenesis of IR. In this study, we aim to investigate the concentrations of plasma progranulin in Chinese
patients with obesity (OB) and type 2 diabetes mellitus (T2DM), and its relationship to IR. Plasma progranulin concentrations were
significantly higher in the T2DMpatients than in the normal glucose tolerant (NGT) subjects (𝑃 < 0.01).Within the T2DMand the
NGT patients, the concentrations of progranulin were significantly higher in obese subjects than that in the normal weight subjects
(225.22 ± 34.39 ng/mL versus 195.59 ± 50.47 ng/mL and 183.79 ± 61.63 ng/mL versus 148.69 ± 55.27 ng/mL, 𝑃 < 0.05). Plasma
progranulin concentrations correlated positively with weight, waist circumferences, BMI, HbA1c, TG, IL-6, FINS and HOMA-IR
(𝑃 < 0.05), while correlated negatively with HOMA-𝛽 (𝑃 < 0.05). Multiple linear regression analysis showed that BMI, HbA1c,
IL-6 and TG correlated independently with circulating progranulin concentrations (𝑃 < 0.05). These results suggested that Plasma
progranulin concentrations were higher in Chinese patients with type 2 diabetes and obesity and correlated closely with glycolipid
metabolism, chronic inflammation and IR.

1. Introduction

Progranulin, also known as granulin/epithelin precursor
(GEP), acrogranin, and PC cell-derived growth factor
(PCDGF), is a 593 amino acid growth factor [1, 2]. Progran-
ulin gene can be found in adipose tissue, epithelial tissue,
gastrointestinal tract, reproductive organs, and so forth [3].
The widespread expression of PGRN gene makes it act in
many physiological and pathophysiological processes, such as
the inflammatory response, the injury-induced tissue repair,
and the tumor formation progression [3, 4]. Previous studies
have demonstrated that increased gene expression of PGRN
stimulates cancer cell division, invasion, and against anoikis,
promoting tumor formation [2]. Loss-of-function mutations
of PGRN gene lead to the onset of some neurodegenerative
diseases such as frontotemporal dementia [5, 6]. Recent stud-
ies showed that PGRN could restrain rheumatoid arthritis by
binding directly to tumor necrosis factor receptors (TNFR)

and play an anti-inflammatory role in the processes [7]. It
has been reported that circulating PGRN levels are elevated in
patients with type 2 diabetes [8]. Moreover, increased plasma
PGRN levels are associated with impaired glucose tolerance
rather than impaired fasting glucose [9]. Although type 2
diabetes is often accompanied by obesity, the respective role
of elevation of circulating PGRN levels in obesity and type 2
diabetes remains to be established.

Insulin resistance (IR) is a key feature of type 2 diabetes
and obesity [10]; as yet the molecular mechanism responsible
for IR is not fully understood. Recently, the chronic inflam-
mation has been proposed to be involved in the pathogenesis
of IR [11, 12]. Compared to the healthy subjects, plasma levels
of the proinflammatory markers are increased (e.g., TNF-𝛼,
IL-6, and resistin), while the anti-inflammatory markers are
decreased (e.g., adiponectin, leptin) in the obese subjects with
type 2 diabetes [11, 12]. PGRN has been shown to promote IR
in obese mice and 3T3-L1 adipocytes through IL-6. However,
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the effect of PGRN on IR in obese patients with type 2
diabetes is still not known.Thus, we investigated the changes
in plasma PGRN concentrations in Chinese patients with
obesity and type 2 diabetes and analyzed the relationship of
PGRN with IR.

2. Methods

2.1. Subjects. Eighty patients with newly diagnosed type
2 diabetes and 88 subjects with normal glucose tolerance
(NGT) were recruited in this study, and age of the subjects
ranged from 40 to 75 years. 75 g oral glucose tolerance
test (OGTT) was performed in all 168 subjects. All of the
T2DM patients were newly diagnosed and had not received
any antidiabetes treatments including diet, exercise, and
medications. The diagnoses of T2DM were based on the
diagnostic criteria of World Health Organization (WHO)
in 1999, and then according to the WHO-Western Pacific
Region diagnostic criteria (2000) [13] defined obesity as BMI
⩾25 kg/m2. All subjects were divided into four subgroups:
NGT-normal weight (NGT-NW) subgroup, NGT-obesity
(NGT-OB) subgroup, T2DM-NW subgroup, and T2DM-OB
subgroup.

2.2. Exclusion Criteria

(1) Smoking and drinking history.
(2) Acute and chronic complications of diabetes.
(3) Sustained hypertension, coronary heart disease.
(4) Acute and chronic inflammatory diseases as deter-

mined by clinical symptom of infection, blood leuko-
cyte >7×109/L, or high-sensitivity C-reactive protein
(hs-CRP) >5.0mg/dL;

(5) Hepatic or renal disease and systemic corticosteroid
treatment.

(6) Women who were currently pregnant and breastfeed-
ing were also excluded from this study.

The study was approved by the Ethical Committee of
Chongqing Medical University. Signed informed consents
were obtained from all participants in this study.

2.3. Study Measurements

2.3.1. Clinical Evaluation of Subjects. Standardized protocols
were used to measure height, body weight, waist circum-
ferences, hip circumferences, and blood pressure (BP) in
all subjects. Height, waist, and hip circumferences were
measured tominimum recorded unit 0.1 cm, bodyweight was
measured to an accuracy of ±0.2 kg, and blood pressure was
measured twicewith a standardmercurymanometerwith the
subjects seated and was used for the second measurement.
Body mass index (BMI) and waist to hip ratio (WHR) were
calculated.

Overnight fasting blood samples were collected for the
determination of fasting plasma glucose (FPG), HbA1c,
fasting insulin (FINS), triglyceride (TG), total cholesterol

(TC), high-density lipoprotein cholesterol (HDL-c), low-
density lipoprotein cholesterol (LDL-c), and liver and kidney
functions. Blood samples also were collected after 2 hours of
a 75 g OGTT for determined the 2 h plasma glucose (2hPG).
All of the blood samples were separated within 1 h and then
frozen at −80∘C until used in this study, all within 3 month
period. Glucose was assayed by glucose oxidase method.
HbA1c was measured by isoelectric focusing. Fasting insulin
(FINS) was measured in serum by RIA using human insulin
as standard (Linco, St Charles,MO,USA). Lipid profiles, liver
and kidney functions were detected by biochemical autoan-
alyzer (Beckman CX-7 Biochemical Autoanalyser, Brea, CA,
USA).

2.3.2. Assessment of Plasma Progranulin and IL-6 Concen-
trations. Plasma PGRN and IL-6 concentrations were deter-
mined by enzyme-linked immunosorbent assays according
to the manufacturers’ instructions. (Human ELISA kit, CUS-
ABIO Science Co, Ltd, China). All samples were run in
duplicate and repeated if there was a >15% difference between
duplicates. No significant cross-reactivity or interference was
observed.

2.3.3. Related Calculation Formulas. Body mass index (BMI)
formula is weight in kilograms divided by height in meters
squared.

The Homeostasis Model Assessment for insulin resis-
tance (HOMA-IR) was computed as follows: Fasting insulin
(mU/L) × Fasting plasma glucose (mmol/L)/22.5.

The Homeostasis Model Assessment for 𝛽-cell function
(HOMA-𝛽) was calculated using the following formula: 20 ×
Fasting insulin (mU/L)/Fasting plasma glucose (mmol/L) −
3.5.

2.4. Statistical Analysis. SPSS software, version 19.0 (IBM,
Armonk, NY), was used for all statistical analyses. Data are
expressed as mean values ± standard deviation (SD). Before
statistical analysis, nonnormally distributed parameters were
logarithmically transformed to approximate a normal distri-
bution. Independent-samples t-tests were used to compare
continuous variables between the 2 groups. Analysis of
variance and Student-Newman-Keuls tests were performed
for multiple and pairwise comparisons, respectively. Inter-
relationships between variables were analyzed by Pearson
correlation analysis. Multiple linear regression analyses were
used to determine independent predictors of plasma PGRN.
𝑃 values <0.05 were considered to be statistically significant.

3. Results

3.1. The Clinical Characteristics. The anthropometric and
metabolic parameters in different subgroups were shown in
Table 1. Between NGT and T2DM groups, there were no
significant differences in age, weight, BMI, waist circumfer-
ences, andWHR. Compared toNGT group, the T2DMgroup
exhibited higher levels of SBP, FPG, 2hPG, FINS, HbA1c, TG,
LDL-c, IL-6, hs-CRP, and HOMA-IR (𝑃 < 0.05 or 𝑃 < 0.01).
The levels of HDL-c, HOMA-𝛽 were significantly higher in
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Table 1: Anthropometric and metabolic characteristics of the study groups.

NGT T2DM
NGT-NW NGT-OB T2DM-NW T2DM-OB

N (M/F) 46 (15/31) 42 (20/22) 37 (11/26) 43 (18/25)
Age (year) 58.54 ± 5.96 59.10 ± 7.43 61.65 ± 6.96 60.86 ± 7.22
Weight (kg) 55.83 ± 5.74 68.79 ± 8.04b 55.54 ± 6.27 69.30 ± 8.51f

BMI (kg/cm2) 22.36 ± 1.75 27.81 ± 3.10b 22.97 ± 1.47 27.78 ± 2.25f

WC (cm) 78.17 ± 5.72 91.69 ± 5.42b 80.38 ± 6.20 91.81 ± 5.43f

WHR 0.86 ± 0.04 0.92 ± 0.05b 0.87 ± 0.05 0.91 ± 0.04f

SBP (mmHg) 118.41 ± 9.45 122.79 ± 9.61 133.46 ± 15.65bd 127.43 ± 14.45bd

DBP (mmHg) 74.20 ± 6.99 74.67 ± 7.25 74.49 ± 10.09 75.52 ± 8.81ace

FPG (mmol/L) 5.25 ± 0.33 5.40 ± 0.43 7.28 ± 1.34bd 7.46 ± 1.13bd

2hPG (mmol/L) 6.28 ± 1.03 6.00 ± 1.14 13.58 ± 2.99bd 13.09 ± 3.30bd

FINS (mU/L) 5.61 ± 2.58 8.87 ± 4.76a 7.58 ± 3.88 12.27 ± 7.04bdf

HbA1c (%) 5.49 ± 0.32 5.57 ± 0.35 6.79 ± 0.78bd 6.79 ± 0.80bd

TC (mmol/L) 4.43 ± 0.91 4.82 ± 1.00a 4.59 ± 0.84 4.85 ± 0.92a

TG (mmol/L) 1.07 ± 0.51 1.48 ± 0.84a 1.50 ± 0.80a 2.04 ± 1.37bce

HDL-c (mmol/L) 1.43 ± 0.27 1.28 ± 0.32a 1.31 ± 0.35 1.14 ± 0.23bce

LDL-c (mmol/L) 2.47 ± 0.69 2.84 ± 0.78a 2.55 ± 0.64 2.82 ± 0.70a

PGRN (ng/mL) 148.69 ± 55.27 183.79 ± 61.63a 195.59 ± 50.47b 225.22 ± 34.39bde

IL-6 (pg/mL) 2.57 ± 1.78 3.73 ± 2.69 4.46 ± 3.37a 7.68 ± 3.14bde

hsCRP (mg/dL) 0.24 ± 0.13 0.35 ± 0.26a 0.32 ± 0.18a 0.43 ± 0.29bdf

HOMA-IR 1.32 ± 0.64 2.12 ± 1.14a 2.43 ± 1.22b 4.07 ± 2.49bdf

HOMA-𝛽 93.42 ± 39.60 90.90 ± 44.27 63.51 ± 32.09bd 43.96 ± 26.08bde

Data are presented as means ± SD. NGT: normal glucose tolerance; T2DM: type 2 diabetes mellitus; NW: normal weight; OB: obesity; BMI: body mass
index; WC: waist circumference; WHR: waist hip ratio; SBP: systolic blood pressure; DBP: diastolic blood pressure; FPG: fasting plasma glucose; 2hPG:
2h postchallenge plasma glucose; FINS: fasting serum insulin; HOMA-IR: Homeostasis Model Assessment for insulin resistance; HOMA-𝛽: Homeostasis
Model Assessment for beta-cell function; TC: total cholesterol; TG: triglyceride; HDL-c: high-density lipoprotein-cholesterol; LDL-c: low-density lipoprotein-
cholesterol; hs-CRP: high-sensitivity C-reaction protein. aP < 0.05 compared with NGT-NW, bP < 0.01 compared with NGT-NW; cP < 0.05 compared with
NGT-OB, dP < 0.01 compared with NGT-OB, eP < 0.05 compared with T2DM-NW, and fP < 0.01 compared with T2DM-NW.

NGT group than in T2DM group (𝑃 < 0.01). SBP was higher
in T2DM-NW and T2DM-OB subgroups than in NGT-NW
subgroup,whileDBPwas higher inT2DM-OB subgroup than
in T2DM-NW subgroup (𝑃 < 0.05). The levels of BMI, waist
circumferences, FINS, HOMA-IR, TC, TG, LDL-c, and hs-
CRP were significantly higher in NGT-OB subgroup than in
NGT-NW subgroup, while HDL-c were higher in NGT-NW
subgroup than in NGT-OB subgroup (𝑃 < 0.05 or 𝑃 < 0.01).
Compared to NGT-OB subgroup, the levels of SBP, DBP,
FPG, 2hPG, HbA1c, FINS, HOMA-IR, IL-6, hs-CRP, and TG
were significantly increased in T2DM-OB subgroup, while
theHOMA-𝛽 andHDL-c levels were decreased in T2DM-OB
subgroup (𝑃 < 0.05 or 𝑃 < 0.01). Compared to T2DM-NW
subgroup, the levels of BMI, waist circumferences, WHR,
DBP, FINS, HOMA-IR, IL-6, hs-CRP, and TG were higher in
T2DM-OB subgroup.The HDL-c and HOMA-𝛽 were higher
in T2DM-NW subgroup than that in T2DM-OB subgroup
(𝑃 < 0.05 or 𝑃 < 0.01).

3.2. The Changes in Plasma Progranulin Concentrations in
Obesity and Type 2 Diabetes. There were no significant dif-
ferences in plasma PGRN concentrations between men and
women ((190.11 ± 56.63) versus (185.70 ± 59.54) ng/mL,
𝑃 = 0.636). Compared to NGT group, T2DM group

displayed a significant increase in the PGRN concentrations
(165.44 ± 60.67 versus 211.52 ± 44.84 ng/mL, 𝑃 < 0.01,
Figure 1). Plasma PGRN concentrations in four subgroups are
the followings: T2DM-OB subgroup (225.22 ± 34.39 ng/mL),
T2DM-NW subgroup (195.59 ± 50.47 ng/mL), NGT-OB
subgroup (183.79 ± 61.63 ng/mL), and NGT-NW subgroup
(148.69 ± 55.27 ng/mL). T2DM-OB subgroup had significant
higher levels of PGRN than those in T2DM-NW subgroup
(𝑃 < 0.05) and in NGT-OB subgroup (𝑃 < 0.01).

Bivariate correlation analysis revealed that the plasma
PGRN concentrations correlated positively and significantly
with weight, waist circumferences, HOMA-IR (Figure 2(a))
and FINS (𝑟 = 0.175, 0.191, 0.228, 0.172, resp., 𝑃 < 0.05,
Table 2). The PGRN concentrations also correlated positively
and significantlywith BMI, SBP, FPG, 2hPG,HbA1C, TG, and
IL-6 significantly (𝑟 = 0.286, 0.256, 0.348, 0.292, 0.276, 0.221,
0.383, resp., 𝑃 < 0.01, Table 2), while correlating negatively
and significantly with HOMA-𝛽 (𝑟 = −0.225, 𝑃 < 0.05,
Figure 2(b)). Multivariable linear regression models revealed
that BMI, HbA1c, IL-6, and TG were independently related
with the plasma PGRN levels (𝛽 = 0.191, 0.473, 0.181, 0.151,
resp., 𝑃 < 0.05). The multiple regression equation was as
follows: 𝑌PGRN = −57.828 + 3.237𝑋BMI + 30.596𝑋HbA1c +
3.130𝑋IL-6 + 8.722𝑋TG.
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Table 2: Univariate associations between plasma PGRN levels and
metabolic parameters.

r P value
Weight (kg) 0.175 0.023
BMI (kg/m2) 0.286 <0.001
WC (cm) 0.191 0.013
WHR 0.042 0.589
SBP (mmHg) 0.256 0.001
DBP (mmHg) 0.138 0.074
FPG (mmol/L) 0.348 <0.001
2hPG (mmol/L) 0.292 <0.001
FINS (mU/L) 0.172 0.025
HbA1c (%) 0.276 <0.001
TC (mmol/L) 0.126 0.103
TG (mmol/L) 0.221 0.004
HDL-c (mmol/L) −0.110 0.156
LDL-c (mmol/L) 0.059 0.450
IL-6 (pg/mL) 0.383 <0.001
HOMA-IR 0.228 0.003
HOMA-𝛽 −0.225 0.003
WHR: waist hip ratio; SBP: systolic blood pressure; DBP: diastolic blood
pressure; HOMA-IR: Homeostasis Model Assessment for insulin resistance;
HOMA-𝛽: Homeostasis Model Assessment for beta-cell function; TC: total
cholesterol; TG: triglyceride; HDL-c: high-density lipoprotein-cholesterol;
LDL-c: low-density lipoprotein-cholesterol.
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Figure 1: Plasma PGRN levels in different groups. Data are pre-
sented as means ± SD. a𝑃 < 0.01 compared with NGT; b𝑃 < 0.05
compared with NGT-NW; c𝑃 < 0.01 compared with NGT-NW;
d𝑃 < 0.01 compared with NGT-OB; e𝑃 < 0.05 compared with
T2DM-NW.

4. Discussion

PGRN is a 68–88 kDa growth factor with seven and one-half
granulin (GRN)motifs connected by short linker domains. It
was originally discovered byAnakwe andGerton in 1990 [14].
PGRN catches our attention because it is a secreted protein
with inflammatory properties and was recently identified as
a novel adipokine. In addition, the changes of circulating
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Figure 2: Scatter plots showing the correlation of plasma PGRN
levels with HOMA-IR and HOMA-𝛽 in all subjects. (a) The plasma
PGRN levels positively correlated with HOMA-IR. (b) The plasma
PGRN levels negatively correlated with HOMA-𝛽.

PGRN brought about by obesity and type 2 diabetes, respec-
tively, in Chinese subjects are still unclear.

In our study, we found that plasma PGRN concentrations
were 1.3-fold (𝑃 < 0.01) higher in normal-weight type
2 diabetes patients, compared to those of healthy subjects.
The PGRN concentrations were lower than those in previ-
ous study which conducted by Youn et al. in the Korean
population, and this may be because our subjects have
lower BMI which may contribute to the increase of PGRN
concentrations in type 2 diabetes patients. In addition, the
most recent study reported that renal elimination is a major
route for circulation PGRN [15]. Therefore, we tested serum
creatinine for all subjects and only recruited the population
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with normal kidney function. Correlation analysis showed
that plasma PGRN levels were positively correlated to FPG
and 2hPG. Multivariable linear regression models revealed
that HbA1c was an independent predictor of plasma PGRN
levels. These results indicate that type 2 diabetes could
increase plasma PGRN concentrations independently, and
the circulating PGRN concentrations could increase with
deteriorating glucose metabolism.

Gene expression analysis in previous studies revealed
that both isolated adipocytes and cells of the adipose tissue
matrix express progranulin gene [8, 16]. Progranulin gene
expression is significantly higher in visceral fat compared
with subcutaneous fat [8]. Matsubara et al. [16] find that
ablation of PGRNgene protects againstHFD-induced obesity
in mice. Moreover, recombinant mouse PGRN (rmPGRN)
treatment shows a higher probability that mice will become
obese when fed a HFD [16]. That research demonstrates
a significant relationship between PGRN and obesity. In
the present study, we found that obese patients with nor-
mal glucose tolerance have 1.2-fold (𝑃 < 0.05) higher
plasma PGRN concentrations compared to healthy subjects.
Furthermore, obese type 2 diabetes patients have 1.5-fold
(𝑃 < 0.01) higher PGRN concentrations than healthy
subjects. There was an indication that obesity could elevate
the plasma PGRN concentrations independently, and both
obesity and abnormal glucose tolerance contribute to the
increase of plasma PGRN concentrations. In our study,
we also found a significant positive correlation between
PGRNandwaist circumferences. Furthermore, we found that
plasma PGRN concentrations positively correlated to LDL-
c and TG concentrations and negatively correlated to HDL-
c. Those findings suggested that PGRN is associated with
central obesity and lipid metabolism disorders in Chinese
subjects.

Both type 2 diabetes and obesity are associated with a
state of chronic low-grade inflammation which is character-
ized by increased pro-inflammatory factors and decreased
anti-inflammatory factors. Those pro-inflammatory factors
increase the accumulation of macrophages in adipose tissue,
while the increased macrocytes could stimulate the release
of pro-inflammatory factors from adipose tissue. Youn and
colleagues [8] found that PGRN promote macrophages
infiltration into white adipose tissues by ERK pathway in
vitro and induce inflammatory response in adipose tissue.
A recent study demonstrates that rmPGRN could stimu-
late the adipocytes to release more IL-6 and the increased
secretion of IL-6 by TNF-𝛼 was completely blocked by
ablation of PGRN gene in 3T3-L1 adipose cells [16]. Those
findings suggested that PGRN could promote inflamma-
tory response by increasing the secretion of proinflamma-
tory factors. In our study, we found that IL-6 levels were
higher in patients with both diabetes and obesity than
in those with diabetes and normal-weight and those with
obesity and normal glucose tolerance. Moreover, the IL-
6 levels were lowest in normal subjects. We also found
that PGRN correlated positively with IL-6, which was an
independent predictor of PGRN. Taking these together,
the results suggested that concentrations of plasma PGRN
and the extent of chronic inflammation are enhanced

along with the aggravation of glycolipid metabolic disor-
ders.

Insulin resistance is a key feature of obesity and type 2 dia-
betes and can directly result in hyperinsulinemia. Recently,
a report shows that PGRN could induce insulin resistance
through stimulating IL-6 expression in adipocytes [16].
Meanwhile, many studies find that IL-6 could increase the
expression of cytokine signaling-3 (SOCS3) via activation of
JAK-STAT signaling pathway in adipocytes to inhibit tyrosine
phosphorylation of insulin receptor substrate (IRS-1), leading
to impaired insulin signaling [17–20]. In our research, we
found that plasma PGRN levels correlated significantly and
positively with HOMA-IR and FINS, while negatively corre-
lating with HOMA-𝛽.Those results indicated that circulating
PGRN levels correlated significantly positively with insulin
resistance and negatively correlated with pancreatic 𝛽-cell
function. Combined with the aforementioned relationship
between PGRN and IL-6 in our study, we speculated that one
of the mechanisms responsible for PGRN-induced insulin
resistance may be associated with increased IL-6 levels.
However, other possible factorsmay play a role in this process
as well and need to be investigated further.

As yet, there are some limitations in our study that
require emphasis. First, the sample size is small, and the
nonsignificant associations between PGRN and some factors
become statistically significant if larger samples were studied.
Second, our study is a cross-sectional research, and therefore
causality of PGRN and IL-6 cannot be established.

In conclusion, we demonstrated for the first time
that plasma PGRN concentrations increased in Chinese
patients with type 2 diabetes and obesity. The concentra-
tions of plasma PGRN correlated closely with the glycolipid
metabolic disorder, chronic inflammation, and insulin resis-
tance, suggesting PGRN may contribute to the pathogenesis
of insulin resistance in humans.ThusPGRNcould be a poten-
tial therapeutic target for management of type 2 diabetes and
obesity.
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The objective of this work was to demonstrate the role of COX-2 enzyme at the vascular in experimental model of metabolic
syndrome. SHR male WKY rats were employed; they were distributed in 8 groups (𝑛 = 8 each): control (W); W + L: WKY
rats receiving 20mg/kg of lumiracoxib by intraesophageal administration; SHR; SHR + L: SHR + 20mg/kg of lumiracoxib by
intraesophageal administration; Fructose-Fed Rats (FFR):WKY rats receiving 10% (w/v) fructose solution in drinking water during
all 12 weeks; FFR + L: FFR + 20mg/kg of lumiracoxib by intraesophageal administration; Fructose-Fed Hypertensive Rats (FFHR):
SHR receiving 10% (w/v) fructose solution in drinking water during all 12 weeks; and FFHR + L: FFHR + 20mg/kg of lumiracoxib
by intraesophageal administration.Metabolic variables, blood pressure,morphometric variables, and oxidative stress variables were
evaluated; alsoMMP-2 andMMP-9 (collagenases), VCAM-1, and NF-𝜅B byWesternblot or IFI were evaluated. FFHR presented all
variables of metabolic syndrome; there was also an increase in oxidative stress variables; vascular remodeling and left ventricular
hypertrophy were evidenced along with a significant increase in the expression of the mentioned proinflammatory molecules and
increased activity and expression of collagenase. Lumiracoxib was able to reverse vascular remodeling changes and inflammation,
demonstrating the involvement of COX-2 in the pathophysiology of vascular remodeling in this experimental model.

1. Introduction

The traditional view of atherosclerosis as a lipid storage
disease falls apart against the large and growing evidence
that inflammation is at the center of all stages of the disease,
from the initial injury until the final stage of thrombotic
complications that compromise blood flow. Advances in the
understanding of vascular inflammation have resulted in a
radical change in the way vascular diseases are approached.
With increased awareness of the active role of the vessel and
its complex interactions with cytokines and immune cells,
this concept unites disorders previously thought be different.
Understanding atherosclerosis as a vascular inflammation
disease is the basis of a new approach for risk stratification
and treatment [1].

Matrix metalloproteinases (MMPs) play an important
role in maintaining homeostasis of extracellular structures.
MMPs are induced by cytokines and by cell-cell and cell-
matrix interactions. Examples of the increased presence of
MMPs in clinical pathology are the SCA, specifically in the
vulnerable region of the plaque [2]. Exposure to oxidized low
density lipoproteins (ox-LDL) or TNF-𝛼 induces the expres-
sion of MT3-MMP, an MMP expressed in the atherosclerotic
plaque of macrophages [3].

C-reactive protein (CRP) presents a rapid and dramatic
response to an inflammatory stimulus. Ultrasensitive C-
reactive protein (hsCRP) has a very important role in
the detection of vascular inflammation and cardiovascular
risk prediction. There is evidence that CRP is involved in
atherosclerosis, especially at its beginning. Proinflammatory
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cytokines production in monocytes and macrophages is
stimulated by PCR [4]. CAMs expression ismediated by CRP,
allowing the increase of leukocyte adhesion and migration
[5–7].

Spontaneously hypertensive rats (SHR) provide a model
of genetic hypertension that allows studying essential hyper-
tension. By administrating carbohydrate diets to rats it is pos-
sible to induce insulin resistance, hyperinsulinemia, dyslipi-
demia, and hypertension. Fructose-Fed-Rats (FFR) provides
a useful experimental model for the study of the interaction
factors shaping metabolic syndrome. This combined model
(FFHR) is representative of hypertensive individuals who
eat a modern Western diet rich in refined sugars. Some
authors postulate this dual model as the most appropriate for
extrapolating results to human models [8, 9].

This experimentalmodel has proved in previous works its
utility for the study of the interaction factors shaping insulin
resistance syndrome [10], including endothelial dysfunction,
the decrease, at the cardiovascular level, of the activity of
the endothelial isoform of nitric oxide synthase (eNOS), and
the increase in the proliferation of vascular smooth muscle
cells [11], and has also provided evidence involving RAS in its
pathophysiology [12].

The objective of this work was to demonstrate that
vascular inflammation and oxidative stress are involved in the
pathophysiologic mechanisms of structural and functional
vascular changes (remodeling) associated to the experimental
model of metabolic syndrome through administration of
lumiracoxib (L) as COX-2 specific anti-inflammatory.

2. Methods

2.1. Animals and Experimental Design. All procedures were
performed according to institutional guidelines for animal
experimentation; protocol was submitted and approved by
the Institutional Committee for Laboratory Animal Use and
Care (CICUAL) of the School of Medicine, UNCuyo. Thirty-
day-old male Wistar Kyoto (WKY) rats and SHR were fed a
standard commercial chow diet ad libitum and housed in a
room under conditions of controlled temperature (20∘C) and
humidity, with a 12-hour light/dark cycle during a 12-week
experimental period. Lumiracoxib (L) was administrated to
respective groups during the last six weeks. Study groups
were divided as follows.

(i) Control (W):WKY receiving food and drinkingwater
(DW) ad libitum;

(ii) SHR: receiving food and DW ad libitum;
(iii) Fructose-Fed Rats (FFR): WKY receiving 10% (w/v)

fructose (Parafarm, Buenos Aires, Argentina) solu-
tion in DW during all 12 weeks;

(iv) Fructose-FedHypertensive Rats (FFHR): SHR receiv-
ing 10% (w/v) fructose solution in DW during all 12
weeks;

(v) FFR + L:FFR receiving 20mg/kg L by intraesophageal
administration;

(vi) FFHR + L:FFHR receiving 20mg/kg L by intrae-
sophageal administration.

At the end of the experimental period, rats were anesthetized
with sodium pentobarbital (50mg/Kg ip), blood samples
were taken, and arteries and organs were aseptically excised
for measurements.

2.2. Systolic Blood Pressure Measurement. Systolic blood
pressure (SBP) was monitored indirectly in conscious pre-
warmed slightly restrained rats by the tail-cuff method and
recorded on a Grass Model 7 polygraph (Grass Instruments
Co., Quincy, MA, USA). The rats were trained in the appara-
tus several times before measurement.

2.3. Biochemical Determinations

2.3.1. HOMA Index and Intraperitoneal Glucose Tolerance
Test. Fasting plasma insulin was assayed by ACS:180SE auto-
mated chemiluminescence system (Bayer, Germany). Plasma
glucose levels were assayed using a commercial colorimet-
ric method (Wiener Lab., Argentina). Homeostasis model
assessment (HOMA) was used as an index to measure the
degree of insulin resistance; it was calculated using the fol-
lowing formula: (insulin (𝜇U/mL) × glucose (mmol/L)/22.5)
[13].

Three days before the end of the experimental period,
a glucose tolerance test (GTT) was performed. Rats fasted
overnight were slightly anesthetized with pentobarbital, and
glucose was administered (2 g/Kg ip). Blood samples were
taken by tail bleeding at 0, 30, 60, and 90 minutes after
injection to determine plasma glucose concentration. The
total area under the curve was calculated as mmol/L/90min.

Assessment of the Lipid Profile. At the end of the experimental
period blood sampleswere drawn from the animals, after fast-
ing for 12 hours. Total plasma cholesterol, HDL-cholesterol,
and triglycerides were assessed using photocolorimetric
enzymatic methods (Wiener Lab., Rosario, Argentina). Data
are expressed in mmol/L.

2.4. Oxidative Stress Determinations

2.4.1. Measurement of Plasma Thiobarbituric Acid-Reactive
Substances (TBARS). In order to demonstrate the effect of
increased oxidative stress at the vascular level, plasma lipid
peroxidation was assessed by TBARS concentration. This
method was based on the reaction between plasma malondi-
aldehyde, a product of lipid peroxidation, and thiobarbituric
acid, as has been previously described [13]. No correction for
sample protein content was necessary because of the nature
of sample [14].

2.5. Measurement of Vascular NAD(P)H-Oxidase Activity.
The lucigenin-derived chemiluminescence assay was used to
determine NAD(P)H-oxidase activity in a segment of tho-
racic aorta, as previously described [14]. To assess NAD(P)H-
oxidase activity, NADPH (500𝜇mol/L) was added, and
chemiluminescence was immediately measured in a liquid
scintillation counter (LKB Wallac Model 1219 Rack-Beta
Scintillation Counter, Finland) set in the out-of-coincidence
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mode. Time-adjusted and normalized-to-tissue-weight scin-
tillation counters were used for calculations. Measurements
were repeated in the absence andpresence of diphenyleneiod-
nium (DPI) (10-6mol/L), which inhibits flavin-containing
enzymes, including NAD(P)H oxidase [15, 16].

2.6. eNOSActivity inHomogenates of Cardiac andArterial Tis-
sue. The activity of Ca2+/calmodulin-dependent endothelial
nitric oxide synthase, (eNOS) was measured in mesenteric
arteries homogenates and in left ventricle cardiac tissue,
by conversion of L-[3H]arginine into L-[3H]citrulline. Val-
ues were corrected according to protein contents in the
homogenates (Bradford method) and to incubation time and
are expressed as dpm/mg protein/min.Thematerial obtained
from each animal was processed independently [17].

2.7. RelativeHeartWeight. In order to evaluate cardiac hyper-
trophy, we measured relative heart weight (RHW). Briefly,
heart was separated from the great vessels, dropped into a
buffered saline solution (PBS), blotted with tissue paper to
remove blood, and weighed. Total heart weight was corrected
according to the ratio between heart weight (milligrams) and
100 grams of the total body weight before killing.

2.8. Measurement of High-Sensitive C-Reactive Protein (hs-
CRP) Concentration. Plasma hs-CRP concentrations were
measured using a turbidimetric assay (Bayer Advia 1650, AG
Leverkusen). Data are expressed in mg/L.

2.9. Tissue Preservation. Tissue samples for histopathology
were processed as has been previously reported [15]. Samples
from all rats were used for these observations. Anesthetized
animals were briefly perfused with PBS (298 mOsmol/Kg
H
2
O, pH 7.40, 4∘C) to clear out the blood. Mesenteric arteries

were perfused in vivo with the same solution through the
mesenteric artery during 5min. For histological studies,
arteries were also perfused with 4% paraformaldehyde solu-
tion for 10min and fixed by paraffin. Five 𝜇m-thick tissue
slices were transversely cut across the mesenteric tissue on
a microstate (Microm HM, Germany) and processed for
histological studies. Similar procedure was applied for heart
tissue preservation, by aortic retrograde perfusion.

2.10. Quantitative Histomorphometry to Determine Cardiac
Hypertrophy. Histomorphological analyses were conducted
on slices from the outer (free) wall of the left ventricle (LV) of
the heart. Estimations of cardiomyocyte area weremade from
sections stained with Masson trichrome solution. Areas with
transverse sections of myofibers were selected. The contour
of the fibers was then drawn manually. Total myocardiocyte
area was expressed as square micrometer (𝜇m2).

2.11. Arterial Structure. Changes in the structure of arterial
walls were assessed by measuring the media layer in mesen-
teric arteries. Dissected mesenteric vascular beds were fixed
in 10% formaldehyde, dehydrated, embedded in paraffin, and
later cut in microtome.The slices were dyed and examined as

has been previously described [15]. Nontransverse sectioned
arteries were excluded from investigation. The lumen to
media ratio (i.e., internal diameter tomedial thickness) (L/M)
was then calculated. Fifty slices from each animal were
processed and analyzed to obtain an average value for each
rat. Average values were then used for final analysis.

2.12. SDS-PAGE and Immunoblot Analysis. Mesenteric tissue
was washed in PBS and proteins extracted in cold 20mM
Tris-HCl, pH 7.4, 150mM NaCl, 10% glycerol, 1% Triton
X-100, and a protease inhibitor mixture (P2714, Sigma).
After sonication for 15 s (3 times with 10 s intervals) and
extraction for 30min at 4∘C, sample extracts were clarified
by centrifugation at 14,000×g for 20min and used imme-
diately or stored at −20∘C. Proteins were separated on 10%
polyacrylamide slab gels and transferred to 0.22𝜇m nitro-
cellulose membranes (GE, Germany). Nonspecific reactivity
was blocked by incubation for 1 h at room temperature in
5% nonfat dry milk dissolved in washing buffer (PBS, pH
7.6, 0.2% Tween 20). Blots were incubated with anti-p65 and
anti-VCAM-1 antibodies (0.2 𝜇g/mL in blocking solution)
for 60min at room temperature. Horseradish peroxidase-
conjugated goat anti-rabbit-IgG and swine anti-goat-IgG dis-
solved in blocking buffer were used as secondary antibodies
(0.25 𝜇g/mL, 45min at room temperature). Excess first and
second antibodies were removed by washing 5 times for
5min in blocking solution. Detection was accomplished with
enhanced chemiluminescence system (ABC, Dako System)
and subsequent exposure to Kodak X-AR film (Eastman
Kodak) for 5–30 s.

2.13. Immunohistochemistry and Digital Confocal
Microscopy (IHC)

2.13.1. Determination of Transcription Factors (WB). Rabbit
anti-rat NF-𝜅B p65 subunit [Rel A], C-terminus antibody,
was obtained fromMillipore International Inc. (Amsterdam,
The Netherlands) (AB1604b), and goat anti-rat VCAM-1
(C-19) antibody was obtained from Santa Cruz Biotechnol-
ogy Inc. (Santa Cruz, CA, USA) (sc-1504). Tissue sections
were cut at 3 𝜇m thickness from paraffin-embedded blocks.
Deparaffinized sections were used to determine inflamma-
tory response. Tissue was permeabilized in 1% Triton X-100
for 15min, rinsed well with PBS, and blocked with sterile
filtered 10% normal rabbit serum for 20min. All antibody
solutions were microfuged for 20min before use. The anti-
bodieswere 1 : 1000 diluted. Primary incubations lasted 1 hour
at 21-22∘C, followed by extensive washes in PBS with Triton
X-100, six times for 5min each. Secondary antibodies, anti-
rabbit IgG TR and anti-goat IgG FITC (Sigma-Aldrich), were
diluted in PBS alone in compliance with the manufacturer’s
instructions.

Images were collected withNikon EZ-C1 3.00 software on
aNikonDiaphot TMDmicroscope equipped for fluorescence
with a xenon lamp and filter wheels (Sutter Instruments,
Novato, CA, USA), fluorescent filters (Chroma, Brattleboro,
VT, USA), cooled charge-coupled device camera (Cooke,
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Table 1: The above values correspond to metabolic and cardiovascular variables.

Variables W FFR SHR FFHR FFHR + L
SBP (mmHg) 118 ± 0.8 140 ± 1.8∗ 172 ± 2.0∗∧ 182 ± 1.1∗∧# 165 ± 0.9∗∧†

HOMA (𝜇U/mL insulin ×mmol/L glucose)/22.5 4.22 ± 1.1 11.9 ± 1.3∗ 8.1 ± 2.2∗ 15.1 ± 2.5∗ 13.2 ± 2.1∗

Fast glucemia (mmol/L) 4.0 ± 1.1 6.8 ± 1.3∗ 5.2 ± 1.3∗ 6.92 ± 2.1∗ 6.5 ± 2.1∗

Tryglycerides (mg/dL) 72.5 ± 1.9 109 ± 1.8∗ 115 ± 2.4∗ 149 ± 2.2∗∧# 140.9 ± 2.4∗

Relative heart weight (mg/100 g corporal weight) 229 ± 2.5 302 ± 2.1∗ 425 ± 4.4∗ 475 ± 2.6∗∧# 389 ± 2∗∧†

Vascular NAD(P)H-oxidase activity (cpm/mg) 14.5 ± 3.3 68 ± 1.4∗ 149 ± 2.6∗ 366 ± 12∗∧# 197 ± 2.3∗∧#†

TBARS (mmol/L) 39 ± 3.2 118 ± 5.4∗ 110 ± 3.9∗ 171 ± 2.6∗∧# 101 ± 2.7∗∧#†

Arterial eNOS activity (dpm⋅mgP/min) 82.0 ± 2 62 ± 1.5∗ 81.9 ± 2.6 50.6 ± 1.9∗∧# 71.4 ± 1.1∗∧#†

L/M relationship 13.1 ± 1.4 9.5 ± 1.2∗ 8.9 ± 2.1∗ 7.4 ± 1.2∗# 11.5 ± 1.1∗∧#†

PCRus 1.18 ± 0.1 3.2 ± 0.3∗ 4.5 ± 0.1∗ 6.7 ± 0.2∗∧# 1.1 ± 0.2∗∧#
∗

𝑃 < 0.001 versus WKY; ∧𝑃 < 0.001 versus SHR; #𝑃 < 0.01 versus FFR. †versus FFHR.

Tonawanda, NY, USA), and stepper motor (Intelligent Imag-
ing Innovations, Inc., Denver, CO, USA). Multifluor images
were merged, deconvolved, and renormalized using EZ-C1
3.00Thumbnail software.

2.13.2. Determination of Matrix Metalloproteinases. Anti-
MMP-2 was obtained from Chemicon International Inc.
(MAB3308), and anti-MMP-9 antibody was obtained from
Chemicon (MAB3309). Tissue sections were cut at 5 𝜇m
thickness from paraffin-embedded blocks. Deparaffinized
sections were used to determine inflammatory response.
Tissue was permeabilized in 1% Triton X-100 for 15min,
rinsed well with PBS, and blocked with sterile filtered 10%
normal rabbit serum for 20min. All antibody solutions
were microfuged for 20min before use. The antibodies were
diluted 1 : 500. Primary incubationswere done for 1 hour at 21-
22∘C, followed by extensive washes in PBS with Triton X-100,
generally six times for 5min each. Secondary antibodies, Cy5
and FITC IgG (Sigma-Aldrich), were diluted in PBS alone in
compliance with the manufacturer’s instructions.

Images were collected withNikon EZ-C1 3.00 software on
aNikonDiaphot TMDmicroscope equipped for fluorescence
with a xenon lamp and filter wheels (Sutter Instruments,
Novato, CA, USA), fluorescent filters (Chroma, Brattleboro,
VT, USA), cooled charge-coupled device camera (Cooke,
Tonawanda, NY, USA) and stepper motor (Intelligent Imag-
ing Innovations, Inc., Denver, CO, USA). Multi-fluor images
were merged, deconvolved, and renormalized using EZ-C1
3.00Thumbnail software.

Activity of Matrix Metalloproteinases 9 and 2 (Collagenases).
A sample of mesenteric tissue homogenates is obtained using
50 ug of total protein; subsequently a polyacrylamide gel
co-polymerized with gelatin was used. Composition is as
follows: 2880 uL bidistilled water (BD,milliQ), 800 uL gelatin
10mg/mL (Sigma, USP, etc.) (end conc: 1mg gelatin/mL of
gel), 2160 uL acrylamide/bis 30%, 2160 uL Tris-Cl 1.5M pH
8.8, 80 uL SDS 10% (Sigma), 80 uL of ammonium persulfate
10%, and 6 uL TEMED. A third of the sample buffer was
used based on the total sample volume with proteins.The run
was stopped when the phenol red reached the lower edge of
the gel and was starting to overflow it. Then, the gels were

washed to remove the SDS. The gels were washed in 30–
50mL of Triton X-100 2.5% for 20–30min with continuous
agitation. Incubation in 50mL (per gel) of this solution at
37∘C for 12 h approximately Afterwards the gels were stained
with Coomassie blue R-250 for 12 h. For higher contrast it was
used at a concentration of 0.5% (w/v) instead of 0.1%. Gels
were decolorated with solution of methanol, acetic acid, and
water. Metalloprotease activity was evaluated based on mean
optical density of light bands on a dark blue background.

2.14. Reagents. The drug Lumiracoxib in pure state was
provided by Novartis Basel.

Unless otherwise noted, reagents were purchased from
Sigma Chemical Co, MO, USA.

2.15. Statistical and Data Analysis. Data are expressed as
mean ± SEM. The statistical significance of data comparison
between all groups was assessed by one-way ANOVA fol-
lowed by Bonferroni posttest. A two-sided𝑃 value of less than
0.05 was considered significant.

3. Results

Levels of systolic blood pressure increased gradually through-
out the entire experimental period in animals of groups FFR,
SHR, and FFHR, reaching significant differences with respect
to the control group at the end of the protocol (Table 1).
Chronic treatment with L significantly decreased TA values
in groups FFR, FFHR, and SHR but not to the values of the
control group (Table 1).

Furthermore, FFR and FFHR groups are characterized
as a model of metabolic syndrome according to the increase
of the HOMA index, fasting blood glucose, triglycerides,
decreased HDL-cholesterol, and arterial hypertension. Ani-
mals in the experimental groups FFR and FFHR which
received L did not have significantly modified values of
fasting blood glucose, triglycerides, and HDL-cholesterol
(Table 1).

Oxidative stress variables were evaluated in the four
experimental models. NADPH oxidase activity increased
significantly in all experimental models but did so expo-
nentially in the FFHR model. On the other hand eNOS
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Figure 1: Continued.
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Figure 1: Cytoplasmatic and nuclear p-65 fraction of NF-𝜅B and VCAM-1 expression in mesenteric arteries byWB and IHC. up panel shows
the WB representative membrane and which analyzed anti-VCAM-1-FITC and anti-p65-TRITC, the results were obtained by optic density
of the bands revealed for each group. top panel shows microphotographs obtained by laser ICM 600x of mesenteric tissue.

activity decreased significantly in the experimental models
with fructose feeding (Table 1). Lipid peroxidation was
evaluated from TBARS, which showed significant increases
in all three experimental models, the FFHR model being
the most affected. After chronic treatment with L, aortic
NAD(P)H oxidase activity significantly decreased in groups
FFR, SHR, and FFHR. Endothelial eNOS activity normalized
in the experimental models FFHR and FFR after treatment
with L, and these results were statistically significant.

In addition, cardiac remodeling was evaluated based on
relative cardiac weight (RHW) (Table 1). Experimental mod-
els FFR, SHR, and FFHR showed cardiac remodeling, which
decreased, after chronic treatmentwith L, in the experimental
groups studied but only the FFHR group showed statistically
significance.

Vascular remodeling, as discussed previously, was evalu-
ated based on theM/L ratio. In experimentalmodels FFR, and

FFHR a significant reduction of the media/lumen ratio was
observed, demonstrating the presence of eutrophic remodel-
ing of themesenteric arteries studied. After chronic treatment
with L, we demonstrated an increase of this variable in the
three experimental models, which caused the remodeling
to decrease. It should be noted that this increase in the
remodeling index, although statistically significant, did not
reach normal values, which is an important fact when ana-
lyzing the involvement of COX-2 in the pathophysiological
mechanisms.

After demonstrating the presence of cardiovascular
remodeling in these experimental models, we studied the
presence of inflammatory markers.

At the systemic level, C-reactive protein (hsCRP) was
evaluated; it showed significant differences among FFR and
FFHR models, demonstrating the presence of inflammation
in these groups. After treatment with a COX-2 specific
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Figure 2: A representative polyacrylamide gel for Western blot and zymography for collagenases (MMP-2 and MMP-9). This image showed
activity and expression of collagenases contrasted for each experimental group.The picture below shows the bar graphwith statistical analysis.

antagonist, these variables significantly decreased in the three
experimental models, reaching normal values and demon-
strating the participation of this pathophysiological pathway
in the systemic inflammatory process.

At the vascular level, the expression of these proteins
was assessed by Western blot as shown in Figure 1. In
experimental models FFR, FFHR, and SHR the expression of
these markers increased. After chronic treatment with L, the
translocation of NF-𝜅B to the nucleus and the expression of
VCAM-1 at the cellular membrane level were both reduced in
the experimental models FFR and FFHR (Figure 1).

The expression of the aforementioned markers was stud-
ied by IFI; they were exposed in the vascular wall by laser
colocalization microscopy. The experimental models studied

showed different expression patterns of NF-𝜅B and VCAM-
1. This result was previously reported by our laboratory [18].
Model FFHR presents an important expression of NF-𝜅B in
the entire vascular wall (intima, media, and adventitia) as
well as endothelial expression of VCAM-1, while in other
models both markers were present only in the endothelium.
Treatmentwith L significantly reduced the expression of these
markers, as demonstrated by WB, although inflammation at
the adventitia level was higher in the FFHRmodel (Figure 1).

We also analyzed two markers of vascular remodeling,
MMP-2 and MMP-9.The expression was analyzed usingWB
and the activity by zymography. In models FFR and SHR the
activity and the expression of these MMPs increased moder-
ately, while the FFHR model presents maximum activity and
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Figure 3: Representative figure showing the expression of MMP-2 (blue: Cy5) andMMP-9 (red: TRICT) merge mode in mesenteric arteries.
You can see an increased level of tagging in adventitia for MMP-2 andMMP-9 on experimental models with vascular remodeling: SHR, FFR,
and FFHR. These changes are reversed after administration of L. Microphotographs obtained by laser ICM 600x of mesenteric tissue.
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expression of both collagenases (Figure 2). Chronic treatment
with L significantly reduced the activity and expression of the
MMPs, although in the FFHR model this decrease did not
reach the values of the control group and persisted primarily
at the adventitial level. Figure 2 shows a representative
image of the gels and the statistical analysis. Figure 3 shows
expression by IFI of representative photomicrographs of
these antibodies, with the aim of obtaining a vascular level
location of this expression. MMP-2 andMMP-9 are observed
predominately at the adventitia level.

This finding provides further evidence of the importance
of this vascular layer present in vascular remodeling of
metabolic syndrome.

4. Conclusions

Themost important finding of this study was the demonstra-
tion that ciclioxigenasa-2 participates in the cardiovascular
remodeling associated with metabolic syndrome and the
reversal of this syndrome after chronic treatment with a
specific antagonist, lumiracoxib (L).

We demonstrate that chronic treatment with L did not
modify the metabolic variables associated with metabolic
syndrome of models FFHR and FFR. It partially modified the
oxidative stress variables but reduced total lipid peroxidation
as demonstrated by TBARS, reducing vascular damage and
probably reducing the expression of redox-sensitive genes
such as NF-𝜅B, an important initiator of inflammation.

Both vascular and cardiac remodeling showed significant
differences after treatmentwith L,mainly in the FFHRmodel.
Thiswas also evidenced inmicroscopic sections ofmesenteric
arteries showing less inflammation and decreased expression
of extracellular matrix metalloproteinases.

The initiation of the atherosclerotic process is associated,
according to some authors, with the presence of endothe-
lial dysfunction (as demonstrated in this model) and local
inflammation in a first stage, after activating macrophages
that synthesize IL-6, which interacts with hepatocytes and
initiates the release of acute phase reactants such as CRP. NF-
𝜅B is a redox-sensitive transcription factor of great potency
for initiating and perpetuating the inflammatory response; its
most important transcriptional product at the vascular level
is VCAM-1, amarker both of inflammation and of endothelial
dysfunction according to several authors. The number of
these two molecules increased in the entire vascular wall
in the FFHR model and only in the intima layer in FFR
and SHR models, as if they were intermediate products of
WKY rats and FFHR. Epigeneticsmay explain the differential
expression in this model, as fructose is a hidden genes
demethylation in SHR that culminates, at the vascular level,
showing a completely swollen vessel. Chronic treatment with
L altered the expression of inflammatory molecules in the
models that received fructose, although at amicroscopic level
there remains a residue of inflammation in the adventitia.

The remodeling of the vessels can demonstrate that
collagenases, which perform the work “softening” the matrix,
are present in increased numbers [19]. Although the fact
that they have increased does not imply the presence of

remodeling, for that it should be demonstrated that their
activity has also increased and that is why zymography used.
Both MMP-2 and MMP-9 increased in the models studied.
Chronic treatment with L modified the expression and activ-
ity of MMP-2 and MMP-9, increasing at a microscopic level
the media/lumen ratio and thereby improving the vascular
microenvironment.

Other authors have also shown the involvement of COX-
2 in vascular pathophysiology; Dinarello et al. suggest that
a detrimental action of COX-2 has also been described
in hypertensive patients and represents one mechanism
whereby COX-2 may promote atherosclerosis; also they find
that vascular COX-2 downregulation represents a prominent
mechanism whereby statins may attenuate the develop-
ment of the atherosclerotic process in normocholesterolemic
hypertensive patients [20].

As a final conclusion, cyclooxygenase actively participates
in inflammation process and in the remodeling of the vessels,
being an important factor that in the future will allow us
to use these results to pharmacologically improve these
antagonists so that they can be used in clinical practice as
therapeutic targets or as adjuvants in more complete drug
therapies the way monoclonal antibodies are used now [21].
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Insulin resistance is an essential feature of themetabolic syndrome that has been linked to rheumatoid arthritis (RA).Understanding
how inflammation arising in one tissue affects the physiology and pathology of other organs remains an unanswered question
with therapeutic implications for chronic conditions including obesity, diabetes mellitus, atherosclerosis, and RA. Adipokines may
play a role in the development of atherogenesis in patients with RA. Biologic therapies, such as TNF-𝛼 antagonists, that block
proinflammatory cytokines have beneficial effects on the insulin resistance that is often observed in patients with RA.

1. What Is Metabolic Syndrome?

The term “metabolic syndrome” (MS) refers to a clustering
of specific cardiovascular (CV) disease risk factors including
central obesity, hypertension, high triglycerides, and low
HDL levels whose underlying pathophysiology is thought to
be related to insulin resistance [1]. Some clinical studies [2]
debate whether MS is a distinct pathophysiologic entity or
simply reflects an association of CV risk factors, while others
[3] argue that each individual component of the MS confers
an increased risk of CV-related death but this risk is more
pronounced when the MS itself is present. Nevertheless, it
is thought that the more components of the MS that are
evident, the higher is the CVmortality rate, andmany studies
have shown that patients diagnosed with the MS have more
prevalent CV disease or are at greater risk of developing CV
complications.

It is estimated that around a quarter of the world’s adult
population have MS [4] and they are twice as likely to die
from and three times as likely to have a heart attack or stroke
compared with people without the syndrome [3]. People
with MS have a fivefold greater risk of developing type 2
diabetes [5]. In addition, MS has also been associated with
several obesity-related disorders including fatty liver disease

with steatosis, fibrosis and cirrhosis [6], hepatocellular and
intrahepatic cholangiocarcinoma, chronic kidney disease [7],
polycystic ovary syndrome [8], sleep-disordered breathing,
including obstructive sleep apnea [9], and hyperuricemia and
gout [10].

There are five definitions for the MS [11–14] (Table 1).
However, the relative value of the different metabolic syn-
drome definitions in terms of prognosis andmanagement has
been established to be similar. For example, when data from
the Framingham population were examined using ATPIII,
IDF, and EGIR definitions of theMS, associations for incident
type 2 diabetes and for CV disease were found to be equiv-
alent [15]. Nevertheless, the National Cholesterol Education
Program (NCEP/ATPIII) and International Diabetes Feder-
ation (IDF) definitions are the most widely used. The WHO,
ATPIII, and IDF definitions include type 2 diabetes as
syndrome traits. Experts do not all agree that type 2 diabetes
should be part of the definition, as the importance of the
syndrome is that it identifies patients at increased risk for the
development of diabetes.

In summary, an MS indicates the presence of a series of
risk factors that are associated with the risk of CV complica-
tions.
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2. Metabolic Syndrome and
Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic, systemic, inflamma-
tory disorder of unknown etiology that if uncontrolled may
lead to destruction and deformity of joints due to erosion
of cartilage and bone. Epidemiologic data suggest that RA
is an independent risk factor for CV disease [26, 27]. The
development of accelerated atherosclerosis and increased risk
of CV disease in patients with RA may be influenced by the
occurrence ofMS [28]. An association between inflammatory
activity of RA and MS has also been suggested (Table 2).
Also high incidence of MS has been reported in patients
with RA. With respect to this, in a series of 283 patients and
226 controls, Da Cunha et al. [16] reported that 39% of RA
patients met criteria for MS while these criteria were only
fulfilled in 19% of controls (𝑃 = 0.001). These authors also
found increased prevalence of waist circumference, elevated
blood pressure, and increased fasting glucose in this series of
RA patients when compared with controls. In this study the
risk of havingMSwas significantly higher in RApatients than
controls (odds ratio (OR) = 1.87 (95% confidence interval
(CI) = 1.17–3.00), 𝑃 = 0.01); and disease activity score-28
(DAS28) was significantly higher in RA patients with MS
than in those without MS (3.59±1.27 versus 3.14±1.53; 𝑃 =
0.01). Disease duration, the presence of rheumatoid fac-
tor, and extra-articular manifestations were similar in RA
patients with and without MS in this study. Nevertheless, the
frequency of MS in RA varies according to the criteria used
for the assessment. In this regard, using the WHO criteria
in 154 patients with RA and 85 controls, Chung et al. [17]
observed the presence ofMS in 42%of RA patients with long-
standing disease, in 31% of RA patients with early arthritis,
and in 11% of the controls. In the same study, when NCEP
criteria were used, the prevalence of MS was 30% in RA
patients with long-standing disease, 22% in patients with RA
patients with early arthritis and 10% in controls, respectively.
In this paper, coronary-artery atherosclerosis was studied by
electron beam computed tomography, and RA patients with
MS were found to have a higher coronary-artery calcification
score (OR = 2.02 (95% CI 1.03–3.97), 𝑃 = 0.04).

The association of RA and MS was confirmed in patients
with short disease duration. With respect to this, Dao et al.
[18] assessed the presence of MS in 105 women with RA
and disease duration less than 3 years and 105 age-matched
healthy women. Different definitions for MS were tested in
this study (Joint Consensus, International Diabetes Federa-
tion,National Cholesterol Education Program2004 and 2001,
European Group for Study of Insulin Resistance, and World
Health Organization). The authors observed that the fre-
quency of MS in women with RA varied from 16.2% to 40.9%
according to the different definitions. However, it was higher
than inmatched controls (10.5% to 22.9%).Therefore,MS fre-
quency was significantly higher in this series of patients with
RA than in healthy controls.When individual components of
MS were assessed, hypertension, (𝑃 < 0.001), high-density
lipoprotein cholesterol levels (𝑃 < 0.001), and abdominal
obesity (𝑃 = 0.019) were found more commonly observed in
RA patients than in matched controls. After adjusting for age

and physical activity, higher erythrocyte sedimentation rate
(OR = 1.52 (95% CI 1.07 to 3.20), 𝑃 = 0.04), disease activity
score (OR = 1.74 (95% CI 1.29–2.79), 𝑃 = 0.01), health
assessment questionnaire score (OR = 1.58 (95% CI 1.20–
2.37), 𝑃 = 0.03), and less methotrexate use (OR = 0.74
(95% CI 0.55–0.96), 𝑃 = 0.02) remained significant inde-
pendent predictors of the presence of MS in women with
RA. Another interesting study by Crowson et al. [19] in 232
patients with RA with no overt CV disease and 1241 non-
RA subjects without CV disease showed that RA patients
were significantlymore likely to have increased waist circum-
ference and elevated blood pressure than non-RA subjects
without CV disease. The authors concluded that RA patients
were more commonly classified as having MS, and that MS
was associated with Health Assessment Questionnaire Dis-
ability Index, large-joint swelling, and uric acid levels, but not
with C-reactive protein or RA therapies.

Regarding therapy used in the management of RA, Toms
et al. [20] showed thatmethotrexate therapy, unlike other dis-
easemodifying antirheumatic drugs (DMARDs) or glucocor-
ticoids, was independently associated with a reduced risk to
suffer MS, suggesting a drug-specific mechanism, and mak-
ing methotrexate a good first-line DMARD in RA patients
at high risk of developing MS. In another studies the same
authors reported the presence of MS in 40.1% of 398 patients
with RA. However, its prevalence did not differ significantly
between the different glucocorticoid-exposure groups [29].

Mok et al. [21] assessed the prevalence of the MS in
patients with RA, ankylosing spondylitis (AS), and psoriatic
arthritis. For this purpose, 930 patients were studied (699
with RA, 122 with AS, and 109 with psoriatic arthritis; 70%
women, mean ± standard deviation age 51.1 ± 12.7 years).
In this study, the prevalence of MS was significantly higher
in psoriatic arthritis (38%) than RA (20%) or AS (11%; 𝑃 <
0.001). The ORs for the MS compared to age- and sex-
matched controls were 0.98 (95%CI 0.78–1.23),𝑃 = 0.88; 0.59
(95% CI 0.30–1.15), 𝑃 = 0.12; and 2.68 (95% CI 1.60–4.50),
𝑃 < 0.001, respectively, for RA, AS, and psoriatic arthritis.
Patients with psoriatic arthritis had a significantly higher pre-
valence of impaired fasting glucose (30%; 𝑃 < 0.001), low
HDL cholesterol (33%; 𝑃 < 0.001), high triglycerides level
(21%; 𝑃 = 0.008), central obesity (65%; 𝑃 < 0.001), and
high blood pressure (56%; 𝑃 = 0.045). They concluded that
patients with psoriatic arthritis, but not RA or AS patients,
have a significantly higher prevalence of MS compared to the
general population.

In another study by Zonana-Nacach et al. [22], 107 RA
patients and 85 systemic lupus erythematosus where com-
pared regarding APTIII definitions for MS. They reported
that the frequency of obesity and abnormal waist circum-
ference was similar in patients with RA and systemic lupus
erythematosus. It was also the case for the frequency ofMS in
both diseases was also similar (17%). In their series, MS was
significantly associatedwith older age, lower education levels,
lower income, and smoking. In RA patients, MS was sig-
nificantly associated with a shorter period of methotrexate
therapy, with pain, and with health assessment questionnaire
scores.



4 Mediators of Inflammation

Ta
bl
e
2:
M
et
ab
ol
ic
sy
nd

ro
m
ea

nd
rh
eu
m
at
oi
d
ar
th
rit
is.

Re
fe
re
nc
e

RA
/c
on

tro
ls

As
so
ci
at
io
n

M
S
de
fin

iti
on

us
ed

C
om

m
en
ts

D
aC

un
ha

et
al
.

[1
6]

28
3/
22
6

Ye
s

N
CE

P
M
S
as
so
ci
at
ed

w
ith

di
se
as
ea

ct
iv
ity
.I
nc
re
as
ed

pr
ev
al
en
ce

of
w
ai
st
ci
rc
um

fe
re
nc
e,
bl
oo

d
pr
es
su
re
,

an
d
fa
st
in
g
gl
uc
os
ei
n
th
is
RA

po
pu

lat
io
n
w
he
n
co
m
pa
re
d
to

co
nt
ro
ls.

Ch
un

g
et
al
.[
17
]

15
4/
85

Ye
s

N
CE

P,
W
H
O

88
w
ith

ea
rly

RA
an
d
66

w
ith

lo
ng

-s
ta
nd

in
g
RA

.
RA

pa
tie

nt
sw

ith
M
S
ha
d
an

in
cr
ea
se
d
ris

k
of

ha
vi
ng

hi
gh

er
co
ro
na
ry
-a
rt
er
y
ca
lc
ifi
ca
tio

n
sc
or
e;

th
is
as
so
ci
at
io
n
of

RA
an
d
M
S
ha
sb

ee
n
al
so

ob
se
rv
ed

w
he
n
ea
rly

RA
w
as

co
ns
id
er
ed
.

D
ao

et
al
.[
18
]

10
5/
10
5

Ye
s

N
CE

P,
W
H
O

Ea
rly

RA
al
re
ad
y
ha
d
hi
gh

er
pr
ev
al
en
ce

of
M
S
co
m
pa
re
d
w
ith

he
al
th
y
co
nt
ro
ls.

ID
F,
EG

IR
H
ig
he
rs
ys
te
m
ic
in
fla
m
m
at
or
y
m
ar
ke
rs
,d
ise

as
ea

ct
iv
ity

an
d
di
sa
bi
lit
y
sc
or
es
,a
nd

le
ss

m
et
ho

tre
xa
te
us
e

w
er
ei
nd

ep
en
de
nt

pr
ed
ic
to
rs
as
so
ci
at
ed

w
ith

th
ep

re
se
nc
eo

fM
S
in

w
om

en
w
ith

ea
rly

RA
.

Cr
ow

so
n
et
al
.[
19
]

23
2/
12
41

Ye
s

N
CE

P
O
nl
y
RA

pa
tie

nt
sw

ith
no

ov
er
tc
ar
di
ov
as
cu
la
rd

ise
as
ew

er
ec

on
sid

er
ed
.

RA
pa
tie

nt
sw

er
es

ig
ni
fic
an
tly

m
or
el
ik
ely

to
ha
ve

in
cr
ea
se
d
w
ai
st
ci
rc
um

fe
re
nc
ea

nd
ele

va
te
d

bl
oo

d
pr
es
su
re

th
an

no
n-
RA

su
bj
ec
ts

Si
gn

ifi
ca
nt
ly
m
or
eR

A
pa
tie

nt
sw

er
ec

la
ss
ifi
ed

as
ha
vi
ng

M
S.

To
m
se

ta
l.
[2
0]

40
0/
—

Ye
s

N
CE

P,
W
H
O

M
S
pr
ev
al
en
ce

ra
te
sv

ar
ie
d
fro

m
12
.1%

to
45
.3
%
in

RA
ac
co
rd
in
g
to

th
ed

efi
ni
tio

n
us
ed
.

ID
F,
EG

IR
M
et
ho

tre
xa
te
us
e,
bu

tn
ot

ot
he
rD

M
A
RD

so
rg

lu
co
co
rt
ic
oi
ds
,w

as
as
so
ci
at
ed

w
ith

sig
ni
fic
an
tly

re
du

ce
d
ch
an
ce

of
ha
vi
ng

M
S
in

RA
.

M
ok

et
al
.[
21
]

69
9
RA

N
o

As
ia
n
cr
ite
ria

fo
rc

en
tr
al
ob

es
ity

Th
ep

re
va
le
nc
eo

fM
S
w
as

sig
ni
fic
an
tly

hi
gh

er
in

Ps
A
(3
8%

)t
ha
n
RA

(2
0%

)o
rA

S
(1
1%

;𝑃
<
0.
00
1)
.

12
2
A
S

Pa
tie

nt
sw

ith
Ps
A
,b
ut

no
tt
ho

se
w
ith

RA
or

A
S,
ha
ve

as
ig
ni
fic
an
tly

hi
gh

er
pr
ev
al
en
ce

of
M
S

co
m
pa
re
d
to

th
eg

en
er
al
po

pu
lat
io
n.

10
9
Ps
A

In
RA

pa
tie

nt
s,
M
S
w
as

re
la
te
d
to

pa
in

an
d
fu
nc
tio

na
ls
ta
tu
s,
in
di
ca
tin

g
di
se
as
ea

ct
iv
ity
.

Zo
na
na
-N

ac
ac
h

et
al
.[
22
]

10
7
RA

/8
5

LE
S

Ye
s

N
CE

P
Th

ef
re
qu

en
cy

of
M
S
in

RA
an
d
SL

E
pa
tie

nt
sw

as
sim

ila
ra

nd
as
so
ci
at
ed

w
ith

sm
ok
in
g.

Ka
rim

ie
ta
l.
[2
3]

92
/9
6

N
o

N
CE

P,
W
H
O

Th
ed

ur
at
io
n
of

RA
w
as

as
so
ci
at
ed

w
ith

M
S.

Sa
he
ba
ri
et
al
.[
24
]

12
0/
43
1

N
o

N
CE

P,
ID

F
Th

ep
re
va
le
nc
eo

fM
S
w
as

sig
ni
fic
an
tly

hi
gh

er
in

th
ec

on
tro

lg
ro
up

.
Th

er
ew

as
no

as
so
ci
at
io
n
be
tw
ee
n
th
eD

A
S2
8
an
d
th
ep

re
se
nc
eo

fM
S
co
m
po

ne
nt
sb

y
ei
th
er

de
fin

iti
on

.
Ka

rv
ou

na
ris

et
al
.

[2
5]

20
0/
40

0
N
o

N
CE

P
Ri
sk

of
ha
vi
ng

m
od

er
at
e-
to
-h
ig
h
di
se
as
ea

ct
iv
ity

(D
A
S2
8
>
3.
2)

w
as

sig
ni
fic
an
tly

hi
gh

er
in

pa
tie

nt
sw

ith
M
S
co
m
pa
re
d
w
ith

th
os
ew

ith
no

M
S
co
m
po

ne
nt
s.

N
CE

P:
N
at
io
na
lC

ho
le
ste

ro
lE

du
ca
tio

n
Pr
og
ra
m
;I
D
F:
In
te
rn
at
io
na
lD

ia
be
te
sF

ed
er
at
io
n;

EG
IR
:G

ro
up

fo
rt
he

St
ud

y
of

In
su
lin

Re
sis

ta
nc
e;
W
H
O
:W

or
ld

H
ea
lth

O
rg
an
iz
at
io
n.

M
S:
m
et
ab
ol
ic
sy
nd

ro
m
e,
D
A
S2
8:
di
se
as
ea

ct
iv
ity

sc
or
e,
RA

:r
he
um

at
oi
d
ar
th
rit
is,

SL
E:

sy
ste

m
ic
lu
pu

se
ry
th
em

at
os
us
,D

M
A
RD

s:
di
se
as
em

od
ify

in
g
an
tir
he
um

at
ic
dr
ug
s.

Ps
A
:p
so
ria

tic
ar
th
rit
is,

A
S:
an
ky
lo
sin

g
sp
on

dy
lit
is.

Th
et
er
m

A
ss
oc
ia
tio

n
m
ea
ns

if
an

as
so
ci
at
io
n
be
tw
ee
n
RA

an
d
M
S
w
as

ob
se
rv
ed
.

To
m
s,
M
ok

an
d
Zo

na
na

di
d
no

ts
tu
dy

he
al
th
y
co
nt
ro
ls.



Mediators of Inflammation 5

With regard to the relationship between MS and subclin-
ical atherosclerosis in patients with RA, using carotid ultra-
sonography, Dessein et al. [30] investigated the associations
of MS features and MS definitions with common carotid
artery intima-media thickness and carotid plaques in 74 RA
patients.They concluded that MS was associated with carotid
artery intima-media thickness (𝑃 = 0.04) but not with the
presence of carotid plaques (𝑃 > 0.1).

There are three exceptions in the literature with regard
to the association between MS and RA. With respect to
this, using NCEP and WHO criteria, in a case-control study
that encompassed 92 RA patients and 96 healthy controls,
Karimi et al. [23] did not find differences between groups
regarding MS. The only differences observed were a higher
frequency of hypertension patients with RA than in the
controls and significantly longer duration of the disease in
RA patients with MS compared to those without MS. Also,
in a series of 200 outpatients with RA and 400 age and
sex-matched controls, Karvounaris et al. [25], found a high,
albeit comparable to the control population, prevalence ofMS
in middle-to-older aged patients with RA. However, in this
study, in a multivariate logistic regression analysis adjusting
for demographics and RA treatment modalities, the risk of
having moderate-to-high disease activity (DAS28 > 3.2) was
significantly higher in patients withMS than in those without
MS components (OR 9.24 (95% CI 1.49–57.2), 𝑃 = 0.02).

Finally, in a series of 120 patients with RA and 431 age-
and sex-matched controls study, Sahebari et al. disclosed that
the prevalence of IDF or ATPIII MS was significantly higher
in controls [24]. In this series the presence of RA was not
associated with an increased risk of MS.

A recent study on a random sample of 499 patients with
RA disclosed that Vitamin D deficiency was associated inde-
pendently with an increased risk of hyperlipidemia (OR 1.72
(95% CI 1.10–2.45)) and MS (OR 3.45 (95% CI 1.75–6.80))
in adjusted models [31]. In this regard, another recent study
suggested that 25-hydroxyvitamin D may play a protective
role against MS in patients with RA [32].

Taking together all these considerations, we can conclude
that MS is not uncommon in patients with RA.

3. Metabolic Syndrome and Obesity

Theunderlying cause of theMS is still a challenging question.
However, insulin resistance and central obesity are consid-
ered to play a key role in the development of MS. Central
(abdominal) obesity is independently associated with each of
the other MS components and is generally a prerequisite risk
factor for the diagnosis of this condition. Although genetics,
physical inactivity, ageing, or hormonal changes may also
have a causal effect, the chronic and subacute inflammatory
state that accompanies obesity has recently been suggested
as a potentially unifying pathogenic link [33]. More than a
passive storage depot, adipose tissue seems to be a dynamic
and metabolically active organ with the ability to elaborate
mediators with widespread effects on metabolism, immune
function, and vascular homeostasis.

Areas of active investigation focus on themolecular bases
of metabolic inflammation and potential pathogenic roles in
insulin resistance, diabetes, and CV disease. An increased
accumulation ofmacrophages occurring in obese adipose tis-
sue has emerged as a key process in metabolic inflammation.
Recent studies have also begun to unravel the heterogene-
ity of adipose tissue macrophages, and their physical and
functional interactions with adipocytes, endothelial cells, and
other immune cells within the adipose tissue microenviron-
ment [33].

In conclusion, as shown for insulin resistance, obesity has
also a relevant role in the development of MS.

4. Obesity and Rheumatoid Arthritis

Obesity is highly prevalent in patients with RA [34]. Changes
in body composition have been found in patients with RA,
with reduced fat-free mass and increased fat mass and, thus,
with little or no weight loss or with a maintained body mass
index.This condition has been named “rheumatoid cachexia”
and is believed to accelerate morbidity and mortality in RA
and has also been linked to MS [35, 36].

Abdominal adiposity has been shown to be increased
in RA. In a comparative study that included 131 patients
with RA and 121 controls, Giles et al. [37] disclosed similar
body mass index and waist circumference between both
groups.However, the adjusted abdominal visceral fat areawas
45 cm2 higher (representing a 51%difference) inmenwithRA
patients than in men from the control group (𝑃 = 0.005)
but not significantly different according to RA status in
women. In the same study, the adjustedmean abdominal sub-
cutaneous fat area was 119 cm2 higher in women with RA
(representing a 68% difference) than in women from the con-
trol group (𝑃 < 0.001) but not significantly different accord-
ing to RA status in men. These authors found that the pres-
ence of increased visceral fat area was associated with a signi-
ficantly higher adjusted probability of having an elevated
fasting glucose, hypertension, or the composite definition of
theMS for the RA group compared with controls. Within the
RAgroup, rheumatoid factor seropositivity andhigher cumu-
lative prednisone exposure were significantly associated with
a higher mean adjusted visceral fat area. Higher C-reactive
protein levels and lower sharp radiographic scores were sig-
nificantly associated with both visceral and subcutaneous fat
areas. Similar results were described in a report on 80 outpa-
tients with RA [35]. In that study, patients with fat mass index
above the 50th percentile and patients with rheumatoid
cachexia had the highest frequencies of hypertension andMS.
Treatment with glucocorticoids and mean dose given did not
differ between those who were cachectic and those not [35].

Thus, these studies confirmed the presence of an abnor-
mal body composition in RA and that these abnormalities
are related to factors associated with increased CV risk. Most
peoplewho are overweight are also overfat, but the two are not
the same. Overfat is often found in patients with RA. How-
ever, Giles et al. [37] showed that the development of MS in
patients with RA is due to the presence of a specific altered
pattern of fat content. In this regard, for a similar body mass
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index in patients and controls, the presence of increased
visceral fat was associated with a significantly higher adjusted
probability of fulfilling the composite definition of the MS
in the individuals with RA than in controls. This means the
development of MS is not only due to the presence of fat
content but the result of a specific pattern of fat deposition.

Obesity but not specificallyMS was classically considered
to be an important risk factor for the developing RA [38].
However, further studies indicated that obesity is not a strong
predisposing factor for RA.Methodological differences and a
strict standardization for possible confounders may explain
that the association of obesity with RA development had not
been confirmed in other studies [39–41].

However, obesity has emerged as a protective risk factor
for radiographic joint damage [42].

In summary, adiposity and obesity are often present in
patients with RA and are associated with increased risk ofMS
in patients with RA.

5. Insulin Resistance and
Rheumatoid Arthritis

Insulin resistance is an essential feature of MS that has been
linked to RA [43]. In a study that included 94 patients with
RA, Dessein and Joffe [44] observed that insulin resistance
was associated with markers for inflammation such as C-
reactive protein and erythrocyte sedimentation rate and
disease activity scores. On the other hand, beta-cell function
showed an inverse correlation with DAS28 and swollen and
painful joint. Chung et al. [45] studied insulin resistance in
104 patients with RA and compared the results with those
of 124 cases of systemic lupus erythematosus. They found
that patients with RA have a higher insulin resistance index
than systemic lupus erythematosus patients, and that insulin
resistance was directly correlated with levels of interleukin
6, tumor necrosis factor-(TNF-) 𝛼, C-reactive protein, and
erythrocyte sedimentation rate or coronary calcification [41].
Others studies have also confirmed the association between
insulin resistance and RA [46–49].

In conclusion, insulin resistance is frequently observed in
patients with RA.

6. Adipokines, Inflammation,
and Cardiovascular Risk in
Rheumatoid Arthritis

The adipose tissue is a multifunctional organ. Besides the
central role of lipid storage, it has a major endocrine function
secreting several hormones [50]. These various protein sig-
nals have been given the collective name “adipocytokines”
or “adipokines.” These molecules are mediators of immune
response and inflammation [51]. Adipokines exert potent
modulatory actions on target tissues and cells involved in
rheumatic disease, including cartilage, synovium, bone, and
various immune cells [52]. White adipose tissue-derived
cytokines mediate between obesity-related exogenous factors
(nutrition and lifestyle) and the molecular events that lead to

the development of MS, inflammation, and CV disease [53].
In this regard, a complex adipokine-mediated interaction
among white adipose tissue, CV disease, and RA has been
described [54].

In RA adipocytes and their surrounding macrophages
produce a range of adipokines that regulate systemic inflam-
mation [55]. In this regard, the adipokine resistin was initially
considered to be only implicated in insulin resistance and
type II diabetes mellitus. However, more recent studies have
shown that resistin plays an important function in inflamma-
tion. Although resistin can be detected at very low levels in
human adipose tissue, it is found in peripheral blood mono-
nuclear cells (PBMCs) [56], and resistin gene expression in
PBMC is upregulated by proinflammatory cytokines such
as TNF-𝛼 [57]. In some studies, high levels of resistin were
found in synovial fluid from patients with RA [58]. However,
in other studies plasma resistin levels in RA patients were
similar to those found in healthy controls. As pointed out by
Gomez et al., this discrepancy may be due to the increased
permeability of inflamed synovial membrane in patients with
RA [59].

In assessing a series of patients with RA in treatment with
the anti-TNF-𝛼 monoclonal antibody infliximab for severe
disease refractory to conventional DMARD therapy includ-
ing methotrexate, we found positive correlations between
markers of inflammation, in particular with C-reactive pro-
tein, and resistin levels [60]. Also, TNF-𝛼 blockade yielded a
rapid reduction in the levels of resistin in these patients [60].
These observations support a potential role of resistin in the
inflammatory cascade in RA.

Adiponectin, another important adipokine, is an espe-
cially promising candidate in explaining the link between
obesity, metabolism, and systemic inflammation [54, 61].
Low circulating adiponectin concentrations constitute anMS
feature and circulating adiponectin has antiinflammatory,
antiatherogenic, and antidiabetic properties [62, 63]. In
patients with RA undergoing anti-TNF-𝛼 therapy due to
severe disease high-grade inflammation was independently
and negatively correlated with circulating adiponectin con-
centrations [64]. Low adiponectin concentrations further
clustered and correlated with MS features such as dyslipi-
demia and high plasma glucose that have been reportedly to
contribute to the accelerated atherogenesis of patients with
RA [64]. These findings may suggest that low circulating
adiponectin levels may be implicated in the development of
CV disease associated to RA. However, the interaction of
high-grade inflammation with low circulating adiponectin
concentrations does not likely to be TNF-𝛼 mediated in RA
[64]. In this regard, no association between adiponectin and
carotid intima-media wall thickness, a surrogate marker of
CV events in RA [65], was observed in patients with RA [66].
In keepingwith these negative results, no association between
functional adiponectin—ADIPOQ rs266729 and ADIPOQ
rs1501299 polymorphisms—and CV disease was found in
patients with RA [67].

Leptin is another important adipokine.This peptide plays
an important role in the regulation of body weight by inhibit-
ing food intake and stimulating energy expenditure. Leptin
is also a proinflammatory adipocyte-derived factor that
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operates in the cytokine network by linking immune and
inflammatory processes to the neuroendocrine system [68,
69]. Leptin acts as a modulator of T-cell activity and plays
a key role in some autoimmune inflammatory diseases such
as type 1 diabetes [70]. This adipokine is produced by stimu-
lation of inflammatory cytokines such as TNF-𝛼 and inter-
leukin-1. Importantly, leptin exerts many potential athero-
genic effects and high leptin concentrations predict incident
CV disease in non-RA subjects [71]. Recent studies have
shown that high leptin levels may play an important role in
the development of CV disease associated to obesity includ-
ing atherosclerosis. Leptin exerts many atherogenic effects
such as induction of endothelial dysfunction, stimulation of
inflammatory reaction, oxidative stress, reduction of paraox-
onase activity, platelet aggregation, migration, hypertrophy,
and proliferation of vascular smooth muscle cells [71].

In patients with RA, circulating leptin levels have been
described as either higher or unmodified in comparison to
healthy controls [54, 69]. In patients with RA undergoing
anti-TNF-𝛼 therapy, a correlation between serum leptin levels
and VCAM-1 was observed [72]. This is of potential interest
as biomarkers of endothelial dysfunction-endothelial cell
activation have been found elevated in patients with RA and
anti-TNF-𝛼 therapy improved endothelial dysfunction [73,
74] and led to a reduction of the levels of some of these
endothelial cell activation biomarkers [75]. However, no
immediate change in serum leptin levels upon anti-TNF-𝛼-
infliximab infusion was observed [72]. These results were
in keeping with those obtained by other investigators who
found an absence of change plasma leptin concentrations
after several weeks’ treatment with TNF-𝛼 blockers [76, 77].

It is known thatMS features are independently associated
with atherosclerosis in RA [17, 30]. However, in contrast to
what was reported in non-RA subjects, only bodymass index
but not insulin resistance, blood pressure, or the lipid profile
was related to leptin concentrations in patients with severe
RA [72].

A potential association between the adipokine visfatin,
also called pre-B-cell colony-enhancing factor, and inflam-
mation has been proposed in the last years. Circulating levels
of visfatin are correlated with the amount of visceral fat
[78], even though visfatin is produced also by endotoxin-
stimulated neutrophils. Also, visfatin synthesis is regulated
by numerous factors, among other corticosteroids, TNF-𝛼,
interleukin-6, and growth hormone [79]. Otero et al. showed
higher circulating visfatin levels in patients with RA in
comparison to healthy subjects [54]. However, up to now it
cannot be excluded the direct effect of different proinflam-
matory factors in the production of visfatin in patients with
RA. Haider et al. [80] demonstrated in young healthy non-
obese subjects, that visfatin concentrations are increased
by hyperglycemia, and this effect was prevented by coinfu-
sion of insulin or somatostatin.These findings may have high
relevance in patients with RA who often present a MS
that included insulin resistance, which, in turn, is im-
proved following TNF-𝛼 blockade [81]. However, in a study
that included RA patients with severe disease undergo-
ing anti-TNF-𝛼-infliximab therapy visfatin levels were not

associated with inflammation or MS and infliximab infusion
did not yield significant changes in visfatin levels [82].

In summary, an abnormal adipokine profile is often found
in patient with RA.

7. Effect of Anti-TNF-𝛼 Therapy on
Insulin Resistance in Patients with
Rheumatoid Arthritis

A disturbed glucose metabolism is included within the con-
stellation of CV risk factors of the MS. In patients with RA
insulin resistance is closely related to the presence of a chronic
proinflammatory state [41]. In the general population TNF-
𝛼 production is increased under chronic hyperglycemia and
TNF-𝛼 has negative effect on insulin sensitivity [83]. TNF-𝛼
is also an important mediator of insulin resistance in obesity
and diabetes through its ability to decrease the tyrosine kinase
activity of the insulin receptor. This pivotal proinflammatory
cytokine also impedes insulin-glucose-mediated uptake in
the skeletal muscle [84].

In a cross-sectional study using acute phase responses as
surrogate markers of systemic inflammation, Dessein et al.
disclosed a consistent association with insulin resistance in
patients with RA [85]. In their series of patients with RA the
impaired insulin sensitivity was significantly associated with
both low HDL cholesterol and high triglycerides, which are
abnormalities that reflect the lipid component of atherogenic
dyslipidemia observed in this chronic inflammatory disease
[85]. In a further longitudinal study, the same investigators
found that the initiation of DMARDs in combination with
pulsed corticosteroids, which were employed only at the
onset and as bridge therapy to accelerate the DMARD res-
ponse, yielded an improvement of insulin sensitivity and a
reduction in atherogenic dyslipidemia [86]. Therefore, these
results reinforce the claim that high-grade systemic inflam-
mation in RA clearly clustered with insulin resistance and its
suppression was associated with an improvement of the MS
in which insulin resistance has an important role [86].

In line with the above, several studies have also assessed
the effect of the TNF-𝛼 antagonists on the mechanisms asso-
ciated with accelerated atherogenesis in RA, including specif-
ically the effect of these biologic agents on insulin resistance.
These studies have been conducted using the most common
commercially available TNF-𝛼 antagonists that neutralize
TNF-𝛼 in patients with severe RA refractory to conventional
DMARD therapy. The first studies were performed using
infliximab, a chimeric IgG1 𝛼 monoclonal antibody binding
TNF-𝛼. Some others were performed using etanercept, a
protein composed of two p75 TNF-𝛼 receptors fused to the
Fc portion of IgG1. Less frequently, the TNF-𝛼 antagonist
used to undertake the study was adalimumab, a fully human-
ized IgG1𝛼monoclonal antibody [87].

We observed an immediate reduction in the serum
insulin levels following infliximab infusion in most patients
undergoing this biologic therapy because severe RA refrac-
tory to DMARD therapy [81]. Moreover, statistically signif-
icant reduction in the insulin/glucose index was observed.
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Most patients experienced improvement of insulin resis-
tance manifested by a decrease in the Homeostasis Model
Assessment of Insulin Resistance (HOMA) index. Moreover,
a significant improvement of insulin sensitivity was also
observed in most patients [81].

Several studies were also conducted to determine long-
term effect of TNF-𝛼 antagonists on insulin resistance [87].
These studies assessed the effect of these biologic agents
on insulin resistance in patients undergoing TNF-𝛼 blocker
therapy after several weeks ormonths of periodical treatment
with these drugs. In most cases, insulin resistance was
assessed by the HOMA and the Quantitative Insulin Sensi-
tivity Check Index (QUICKI), as previously described [81].
In one of them, Kiortsis et al. showed reduction in HOMA
and increase of QUICKI in the subgroup of RA patients with
initially had the highest tertile of insulin resistance [88]. In a
prospective study of RA patients with active disease, Seriolo
et al. observed a significant decrease of the HOMA index
and increase of QUICKI in infliximab-treated RA patients
for 24 weeks [89]. Similar improvement of HOMA has been
shown by other authors [90]. Also, additional evidence using
hyperinsulinemic euglycemic clamps in nondiabetic RA
patients was observed [91]. A recent study has confirmed that
anti-TNF-𝛼 therapy improves insulin resistance, beta-cell
function, and reverted defects in the insulin signaling cascade
in active RA patients with high insulin resistance [92]. In
this study that included patients treated with different TNF-𝛼
blockers, mainly with infliximab, an improvement of insulin
sensitivity was also observed [92].

Interestingly, as previously described [81], the improve-
ment of insulin sensitivity correlated negatively with the
bcaseline BMI [91]. With respect to this, a recent report has
shown that the improvement of insulin resistance in patients
with RA undergoing anti-TNF-𝛼 therapy is impaired by the
presence of obesity [93]. In this regard, obesity at the onset
of treatment with TNF-𝛼 blockers leads to a reduction of
the beneficial effect of these drugs on MS associated to RA.
Therefore, weight-loss and exercise should be considered
in the management of RA patients undergoing anti-TNF-𝛼
blockers to improve the effect of these drugs on insulin sensi-
tivity [94].

Taking together all these considerations, anti-TNF-𝛼
therapy exerts beneficial metabolic effects by the reduction
of insulin resistance and improvement of insulin sensitivity.

8. Conclusion

In light of our paper, there seems to be ample evidence sup-
porting a relationship between MS and RA. Understanding
how inflammation arising in one tissue affects the physiology
and pathology of other organs remains an unanswered
questionwith therapeutic implications for chronic conditions
including obesity, diabetes mellitus, atherosclerosis, and RA.

Adipokines may influence the development of atheroge-
nesis in these patients. Biologic therapies that block proin-
flammatory cytokines seem to have beneficial effects on the
insulin resistance observed in patients with RA.
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and S. M. Haffner, “Does the metabolic-syndrome improve
identification of individuals at risk of type 2 diabetes and/or
cardiovascular disease?”Diabetes Care, vol. 27, no. 11, pp. 2676–
2681, 2004.

[6] M. Hamaguchi, T. Kojima, N. Takeda et al., “The metabolic
syndrome as a predictor of nonalcoholic fatty liver disease,”
Annals of Internal Medicine, vol. 143, no. 10, pp. 722–I70, 2005.

[7] J. Chen, P. Muntner, L. L. Hamm et al., “The metabolic
syndrome and chronic kidney disease in U.S. adults,” Annals of
Internal Medicine, vol. 140, no. 3, pp. 167–I39, 2004.

[8] R. Pasquali, A. Gambineri, B. Anconetani et al., “The natural
history of the metabolic syndrome in young women with
the polycystic ovary syndrome and the effect of long-term
oestrogen-progestagen treatment,” Clinical Endocrinology, vol.
50, no. 4, pp. 517–527, 1999.

[9] M. S.M. Ip, B. Lam,M.M. T. Ng,W. K. Lam, K.W. T. Tsang, and
K. S. L. Lam, “Obstructive sleep apnea is independently asso-
ciated with insulin resistance,” American Journal of Respiratory
and Critical Care Medicine, vol. 165, no. 5, pp. 670–676, 2002.

[10] H. K. Choi, E. S. Ford, C. Li, and G. Curhan, “Prevalence of the
metabolic syndrome in patients with gout: the Third National
Health and Nutrition Examination Survey,” Arthritis Care and
Research, vol. 57, no. 1, pp. 109–115, 2007.

[11] K. G. M. M. Alberti, P. Zimmet, and J. Shaw, “The metabolic
syndrome—a new worldwide definition,” The Lancet, vol. 366,
no. 9491, pp. 1059–1062, 2005.

[12] S. M. Grundy, J. I. Cleeman, S. R. Daniels et al., “Diagnosis and
management of the metabolic syndrome: an American Heart



Mediators of Inflammation 9

Association/NationalHeart, Lung, andBlood Institute scientific
statement,” Circulation, vol. 112, no. 17, pp. 2735–2752, 2005.

[13] S. Genuth, K. G. Alberti, and P. Bennett, “Follow-up report on
the diagnosis of diabetes mellitus,”Diabetes Care, vol. 26, no. 11,
pp. 3160–3167, 2003.

[14] J. I. Cleeman, “Executive summary of the third report of
the National Cholesterol Education Program (NCEP) expert
panel on detection, evaluation, and treatment of high blood
cholesterol in adults (adult treatment panel III),” Journal of the
American Medical Association, vol. 285, no. 19, pp. 2486–2497,
2001.

[15] J. B. Meigs, M. K. Rutter, L. M. Sullivan, C. S. Fox, R. B.
D’Agostino, and P.W. F.Wilson, “Impact of insulin resistance on
risk of type 2 diabetes and cardiovascular disease in people with
metabolic syndrome,” Diabetes Care, vol. 30, no. 5, pp. 1219–
1225, 2007.

[16] V. R. Da Cunha, C. V. Brenol, J. C. T. Brenol et al., “Metabolic
syndrome prevalence is increased in rheumatoid arthritis
patients and is associated with disease activity,” Scandinavian
Journal of Rheumatology, vol. 41, no. 3, pp. 186–191, 2012.

[17] C. P. Chung, A. Oeser, J. F. Solus et al., “Prevalence of the
metabolic syndrome is increased in rheumatoid arthritis and
is associated with coronary atherosclerosis,”Atherosclerosis, vol.
196, no. 2, pp. 756–763, 2008.

[18] H. H. Dao, Q. T. Do, and J. Sakamoto, “Increased frequency
of metabolic syndrome among Vietnamese women with early
rheumatoid arthritis: a cross-sectional study,”Arthritis Research
andTherapy, vol. 12, no. 6, article R218, 2010.

[19] C. S. Crowson, E. Myasoedova, J. M. Davis et al., “Increased
prevalence of metabolic syndrome associated with rheumatoid
arthritis in patients without clinical cardiovascular disease,”
Journal of Rheumatology, vol. 38, no. 1, pp. 29–35, 2011.

[20] T. E. Toms, V. F. Panoulas, H. John, K. M. Douglas, and
G. D. Kitas, “Methotrexate therapy associates with reduced
prevalence of the metabolic syndrome in rheumatoid arthritis
patients over the age of 60-more than just an anti-inflammatory
effect? A cross sectional study,” Arthritis Research & Therapy,
vol. 11, no. 4, p. R110, 2009.

[21] C. C. Mok, G. T. C. Ko, L. Y. Ho, K. L. Yu, P. T. Chan, and
C. H. To, “Prevalence of atherosclerotic risk factors and the
metabolic syndrome in patients with chronic inflammatory
arthritis,”Arthritis Care and Research, vol. 63, no. 2, pp. 195–202,
2011.

[22] A. Zonana-Nacach, E. Santana-Sahagún, F. J. Jiménez-Balderas,
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[26] C. Meune, E. Touzé, L. Trinquart, and Y. Allanore, “Trends in
cardiovascular mortality in patients with rheumatoid arthritis
over 50 years: a systematic review and meta-analysis of cohort
studies,” Rheumatology, vol. 48, no. 10, pp. 1309–1313, 2009.

[27] J. A. Aviña-Zubieta, H. K. Choi, M. Sadatsafavi, M. Etminan, J.
M. Esdaile, and D. Lacaille, “Risk of cardiovascular mortality in
patients with rheumatoid arthritis: a meta-analysis of observa-
tional studies,” Arthritis Care and Research, vol. 59, no. 12, pp.
1690–1697, 2008.

[28] L. Cavagna, N. Boffini, G. Cagnotto, F. Inverardi, V. Grosso, and
R. Caporali, “Atherosclerosis and rheumatoid arthritis: more
than a simple association,”Mediators of Inflammation, vol. 2012,
Article ID 147354, 8 pages, 2012.

[29] T. E. Toms, V. F. Panoulas, K. M. J. Douglas, H. R. Griffiths,
and G. D. Kitas, “Lack of association between glucocorticoid
use and presence of the metabolic syndrome in patients with
rheumatoid arthritis: a cross-sectional study,”Arthritis Research
andTherapy, vol. 10, no. 6, article R145, 2008.

[30] P.H.Dessein,M. Tobias, andM.G.Veller, “Metabolic syndrome
and subclinical atherosclerosis in rheumatoid arthritis,” Journal
of Rheumatology, vol. 33, no. 12, pp. 2425–2432, 2006.

[31] J. F. Baker,N.N.Mehta,D.G. Baker et al., “VitaminD,metabolic
dyslipidemia, andmetabolic syndrome in rheumatoid arthritis,”
American Journal of Medicine, vol. 125, no. 10, pp. 1035.e09–
1036.e15, 2012.

[32] L. Goshayeshi, H. Saber, M. Sahebari et al., “Association
between metabolic syndrome, BMI, and serum vitamin D
concentrations in rheumatoid arthritis,” Clinical Rheumatology,
vol. 31, no. 8, pp. 1197–1203, 2012.

[33] G. R. Romeo, J. Lee, and S. E. Shoelson, “Metabolic syndrome,
insulin resistance, and roles of inflammation- mechanisms and
therapeutic targets,” Arteriosclerosis, Thrombosis, and Vascular
Biology, vol. 32, no. 8, pp. 1771–1776, 2012.

[34] A. Stavropoulos-Kalinoglou, G. S. Metsios, Y. Koutedakis, and
G. D. Kitas, “Obesity in rheumatoid arthritis,” Rheumatology,
vol. 50, no. 3, Article ID keq266, pp. 450–462, 2011.
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Obesity-related in�ammation-induced insulin resistance and metabolic dysregulation were investigated in retrospective analysis
of placebo hematologic and metabolic laboratory data from trials associated with increasing chronic low-grade in�ammation
and body mass index. Studies included healthy subjects and those with progressive stages of metabolic dysregulation, including
type 2 diabetes mellitus with uncontrolled hemoglobin A1c. Intrasubject variances in erythroid and metabolic values increased
with metabolic dysregulation. Random effects were demonstrated in treatment-naïve diabetes for erythroid, glucose, and HbA1c
�uctuations. e anti-in�ammatory insulin sensitizer, HE3286, was tested for its ability to decrease obesity-related in�ammation-
induced insulin resistance and metabolic dysregulation in diabetes. HE3286 signi�cantly decreased erythroid and metabolic
variances and improved 1,5-anhydroglucitol (a surrogate of postprandial glucose) compared to the placebo group. HE3286 HbA1c
decrease correlated with weight loss and inversely with baseline monocyte chemoattractant protein-1 (MCP-1) in metformin-
treated diabetics. Normalization of HbA1c to the 84-day average hemoglobin revealed that HE3286 HbA1c decrease correlated
with high baseline MCP-1 and MCP-1 decrease in treatment-naïve diabetics. HE3286 decreased insulin resistance, increased the
frequency of decreased day 84 HbA1c in metformin-treated subjects, and decreased day 112 HbA1c in treatment-naïve diabetics.
HE3286 may be useful to restore metabolic homeostasis in type 2 diabetes.

1. Introduction and Purpose

HE3286 (17𝛼𝛼-ethynylandrost-5-ene-3𝛽𝛽,7𝛽𝛽,17𝛽𝛽-triol) is a
chemical derivative of the natural mammalian sterol an-
drost-5-ene-3𝛽𝛽,7𝛽𝛽,17𝛽𝛽-triol (𝛽𝛽AET). 𝛽𝛽AET exhibits anti-
in�ammatory activity in rodent models, is elevated in plasma
of obese subjects with normal glucose disposal, and may
play a compensatory role in preventing development of
metabolic syndrome (reviewed in [1]). 𝛽𝛽AET is pharmaceu-
tically unsuitable, due to poor oral bioavailability and its
propensity for oxidative inactivation by 17𝛽𝛽-hydroxysteroid
dehydrogenase [1]. HE3286 is stabilized against oxidation
at position 17 and consequently orally bioavailable, does
not bind to any known nuclear steroid hormone receptors,
and is pharmacologically unrelated to androgens, estrogens,
corticosteroids, or peroxisome proliferators [1]. HE3286 has

shown broad anti-in�ammatory activity in animal models
of rheumatoid arthritis, ulcerative colitis, multiple sclerosis,
lung in�ammation, autoimmune type 1 diabetes, and neu-
roin�ammation (reviewed in [1]). In these models, nuclear
factor kappa B (NF𝜅𝜅B) activation and proin�ammatory
cytokine production were consistently suppressed. Further-
more, HE3286 was not markedly immunosuppressive in
rodent models of ovalbumin immunization, Klebsiella pneu-
moniae orPseudomonas aeruginosa infection, Coxsackievirus
B3 myocarditis, delayed-type hypersensitivity, and mitogen-
induced proliferation, or in the human mixed lymphocyte
reaction assay (reviewed in [1]).

Obesity induces an insulin-resistant state in adipose
tissue [2], liver, and muscle and is a strong risk factor for
the development of type 2 diabetes mellitus [3]. In adipose
tissue, MCP-1 and tumor necrosis factor alpha (TNF𝛼𝛼) play
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dominant proin�ammatory roles [2]. Adiposity-induced
in�ammation-stimulated kinases phosphorylate insulin
receptor substrate-1 on serine residues and inhibit insulin
signaling [4]. Two recent publications report the activity
of HE3286 against in vitro in�ammatory responses and in
vivo rodent models of obesity-induced in�ammation and
insulin resistance [5, 6]. HE3286 suppressed endotoxin-
induced NF𝜅𝜅B activation, reporter gene expression,
nuclear localization, and p65 phosphorylation in mouse
macrophages and decreased phosphorylation of the
proin�ammatory extracellular signal-regulated (Erk1/2),
IkappaB (Ikk), Jun N-terminal (Jnk), and p38 mitogen-
activated protein (p38 Mapk) kinases. HE3286 also
attenuated TNF𝛼𝛼-stimulated in�ammation and TNF𝛼𝛼-
induced adipocyte-stimulated macrophage chemotaxis
[5, 6]. HE3286 treatment of diabetic db/db mice, insulin-
resistant diet-induced obese mice, and genetically obese
ob/ob mice suppressed progression to hyperglycemia and
markedly improved glucose clearance. is effect appeared
to be consequent to reduced insulin resistance, since HE3286
lowered blood insulin levels in both db/db and ob/ob
mice. In these studies HE3286 suppressed levels of the
chemokine monocyte chemoattractant protein-1 (MCP-1),
along with its cognate receptor, C-C motif chemokine
receptor-2, in white adipose tissue [6]. In Zucker diabetic
fatty rats, HE3286 downregulated in�ammatory cytokine
and chemokine expression in both liver and adipose
tissues and suppressed macrophage migration into adipose
tissue. HE3286 normalized fasting and fed glucose levels,
improved glucose tolerance, and enhanced skeletal muscle
and liver insulin sensitivity, as assessed by hyperinsulinemic,
euglycemic clamp studies. In addition, HE3286 reduced liver
cholesterol and triglyceride content, leading to a feedback
elevation of low-density lipoprotein (LDL) receptor and
decreased total serum cholesterol [5]. Recently, we have
reported that HE3286 binds to Erk1/2, Lrp1, and Sirt2
[7] and proposed that the HE3286-mediated decrease in
hyperactivation of Erk1/2 may be causal for its metabolic [8]
and anti-in�ammatory activities.

In a clinical study in obese, impaired glucose tolerance
(IGT) subjects, HE3286 signi�cantly increased the frequency
of insulin-resistant subjects with improved day 29 insulin-
stimulated glucose disposal, increased HDL cholesterol, and
decreased day 28 CRP compared to placebo-treated subjects
[9]. Based on baseline glucose clamp studies, insulin-resistant
subjects had elevated in�ammatory biomarkers, with lower
adiponectin and higher cytokine secretion in LPS-stimulated
PBMC.Aer 28 days ofHE3286 treatment, adiponectin levels
increased signi�cantly in insulin-resistant subjects, com-
pared to placebo. ese results support our hypothesis that
obesity-induced in�ammation is a signi�cant contributor
to metabolic dysregulation and that the anti-in�ammatory
activity of HE3286 can preferentially bene�t the insulin-
resistant in�amed subpopulation of obese IGT subjects.

Based on preclinical studies and these foregoing results
in IGT subjects, it was conjected that HE3286 might bene�t
obese in�amed insulin-resistant individuals with type 2 dia-
betes mellitus (T2DM). A widely accepted clinical endpoint
for T2DM is the change in HbA1c, a surrogate marker

for the extent of hyperglycemia an individual experiences
over time. Traditionally, erythroid hematology values are
considered stable in healthy individuals, and hemoglobin
and HbA1c turnover is reported to re�ect the normal red
cell half-life of 38–60 days [10]. In T2DM, the life span
of red cells can be altered signi�cantly by in�ammation,
particularly TNF𝛼𝛼-induced oxidative stress [11], obese low-
grade systemic in�ammatory response syndrome [12], the
presence of elevated levels of advanced glycation endproducts
on the surface of red cells [13, 14], hypoxia [15], and excessive
erythrocytosis [16]. ere are reports of large �uctuations in
HbA1c in type 1 diabetes [17], especially in subjects with
poor glycemic control [18, 19]. is information prompted
us to also assess the association of obesity-related chronic
low-grade in�ammation with hemoglobin concentration and
HbA1c variability in uncontrolled T2DM.We retrospectively
analyzed the hematologic and metabolic clinical laboratory
data for placebo groups from 10 clinical studies that were
conducted between 2001 and 2010. ese studies included
both healthy subjects and individuals in progressive stages
of metabolic disease that presented with increased chronic
low-grade in�ammation coincident with elevated BMI that
included dyslipidemic, IGT, and T2DM participants with
uncontrolled HbA1c.

With an understanding of the variability associated with
progressive adiposity, in�ammation, and metabolic disease,
we assessed the activity of HE3286 to decrease obesity-
induced in�ammation and insulin resistance in T2DM.

2. Subjects andMethods

2.1. Studies. is paper reports the activity of HE3286 in
T2DM patients with uncontrolled HbA1c. High metabolic
and hematologic laboratory value variances were observed
in these patients. For comparison, similar parameters were
retrospectively analyzed from placebo subjects enrolled in
10 clinical studies conducted by Harbor erapeutics, Inc.
(formerly Hollis-Eden Pharmaceuticals, Inc.) since 2001.
ese studies included healthy volunteers, dyslipidemic, IGT,
and T2DM participants. Only placebo subjects from these
studies were used for intercomparison. All studies excluded
patients with known liver disease and alcoholism. e pro-
tocols and all amendments were reviewed and approved by
the relevant institutional review boards, and all studies were
conducted in accordance with the Declaration of Helsinki
and the International Conference on Harmonization/WHO
Good Clinical Practice Standards. Experimental studies were
conducted with the understanding and informed consent of
human subjects.

Details of studies 2100-200, -201, -202, and -203 have
been published [20]. ese four double-blind, randomized,
placebo-controlled, healthy human safety studies were con-
ducted in e Netherlands (Kendle International, Utrecht)
and theUnited States (Parexel International, Baltimore,MD).
Two single-dose, dose-escalation studies assured safety and
evaluated the pharmacokinetics of androst-5-ene-3𝛽𝛽,17𝛽𝛽-
diol (HE2100) (studies 200 and 202). A multidose, dose
escalation study was performed to assess safety and phar-
macokinetics and potential early activity of HE2100 (study
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201). Early activity, de�ned by effects on peripheral blood
elements, was con�rmed by a follow-up study that included
elderly subjects and an initial study of bonemarrow hematol-
ogy (study 203).

Details of studies 2200-100, -101, -120, and -130 have
also been published [21]. Healthy adult and elderly subjects
were randomized to receive three consecutive daily subcu-
taneous injections of placebo, 50, or 100mg androst-5-ene-
3𝛽𝛽,7𝛽𝛽,17𝛽𝛽-triol (HE2200), followed by 2 months of peri-
odic observation (trial 2200-100), or to receive placebo, 25,
or 100mg HE2200 transmucosally (buccal administration)
once daily for �ve days followed by 2 months of periodic
observation (trial 2200-101). Study 2200-120 was a phase
II study in healthy hepatitis B-naïve, and elderly (65–85
years old) volunteers, who received hepatitis B vaccine,
were randomized to concomitantly receive either 100mg
of HE2200 or placebo equivalent. Subjects received three
subcutaneous injections of study drug or placebo prior to the
�rst and second doses of hepatitis B vaccine given 28 days
apart.e third dose of vaccinewas given at 6monthswithout
HE2200 or placebo treatment, and the study terminated 28
days later.

Study 2200-130 was a phase II study in dyslipi-
demic subjects, ages 18–70 years, with plasma triglyceride
concentrations 1.7–2mmol/L, total cholesterol levels of
5.7–8.3mmol/L, and HDL levels of ≤1.2mmol/L for males
and ≤1.4mmol/L for females. Aer informed consent was
obtained, subjects initiated a Step II AHA diet and discon-
tinued all lipid lowering agents for a six-week run-in period.
Each subject�s lipid pro�le at week four of the diet was used
to determine eligibility for the study. At six weeks, quali�ed
subjects were randomized to receive 25 or 100mg of HE2200
or placebo equivalent by buccal administration for 28 days.

HE3286-0102 was a multicenter, double-blind, dose-
ranging phase I study designed with 5 cohorts of obese,
impaired glucose tolerance (IGT), but otherwise healthy
participants [9]. Subjects were screened for fasting blood
glucose level of <7.0mmol/L and a 7.8–11.1mmol/L 2-hour
postprandial glucose following a 75-gram oral glucose load.
Oral placebo or HE3286 doses of 4 (2 BID), 5 (QD), 10 (5
BID), and 20 (10 BID) mg were administered daily for 28
days. One-step hyperinsulinemic, euglycemic clamps were
performed on the day before the �rst dose and day 29 in the
BID dose groups.

For comparisons, the number of placebo subjects was 70
healthy, 24 dyslipidemic, 13 IGT, 28 treatment-naïve, and 38
metformin-treated T2DM.

2.2. Placebo Data Analysis. Placebo data from 10 clinical
studies was analyzed to obtain coefficients of variation (CV)
for red blood cells (RBC), hematocrit (Hct), mean corpuscu-
lar volume (MCV), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration (MCHC),
hemoglobin (Hb), hemoglobin A1c (HbA1c), platelets, lym-
phocytes, monocytes, white blood cells, fasting glucose,
insulin, triglycerides, cholesterol, high-density lipoprotein
cholesterol (HDL), and low-density lipoprotein cholesterol
(LDL). CVs from each medical condition were compared
to those of healthy volunteers for signi�cant differences

in magnitude using Welch ANOVA, allowing for unequal
differences, and for signi�cant differences in dispersion,
using the 2-sided 𝐹𝐹 test. Only placebo values were used
to avoid any treatment effects from drug administrations.
Pearson correlations between individual subject CVs for
each parameter and CVs for HbA1c and for insulin were
determined to assess commonality in increased variances
between parameters. In addition, intravisit changes inHbA1c
were determined for each subject with HbA1c data.

2.3. HE3286-0401 Data Analysis. Data for all placebo- and
HE3286-treated T2DM subjects were analyzed for the same
parameters by cohort (metformin treated and treatment
naïve) and in subgroups (strati�ed by baseline monocyte
chemoattractant protein-1 (MCP-1) in metformin-treated
subjects, and by body mass index (BMI) in the MCP-1
selected treatment-naïve subjects). Baseline characteristics
were assessed for balance between groups.

Based on the �ndings of excessive variability in T2DM,
including random effects in intravisit Hb, HbA1c values were
normalized (nHbA1c) by the 84 day average Hb value for
each subject. is was done based on the fact that random
effects have a mean of zero, but an excessive dispersion. us
the average change in placebo subjects over 84 days would
be expected to be zero, and true changes in HbA1c due to
treatment could be compared.

Correlations were determined for independent variables
of baseline MCP-1, baseline tumor necrosis factor alpha
(TNF𝛼𝛼), BMI, Hb CV, and day 84 changes in homeostatic
model assessment of beta cell function (HOMA2 %B),
glucose, weight, Hb, TNF𝛼𝛼, and MCP-1 with dependent
variables Hb CV, HbA1c CV, and changes in HbA1c and
84 day average normalized HbA1c (ΔnHbA1c), in order
to understand clinical parameters affecting variability and
treatment effects.emagnitude ofHE3286 treatment effects
compared to placebo was tested in the subgroups of MCP-1
> 40 pg/mL in metformin-treated subjects, and of BMI > 31
in treatment-naïve subjects.

Heteroscedasticity (differences in variances between sub-
groups) was tested for changes in insulin, C-peptide, fast-
ing glucose, HOMA2 %B and HOMA2 insulin resistance
(HOMA2 IR), leptin, HbA1c, insulin, MCP-1, and triglyc-
erides. Subgroup distributions were tested for normality
(Shapiro-Wilks 𝑊𝑊 test) for HE3286 and placebo treatment.
Differences in dispersions between HE3286 and placebo
treatment were analyzed using the 2-sided 𝐹𝐹 test.

2.4. Test Article HE3286. HE3286, 17𝛼𝛼-ethynylandrost-5-
ene-3𝛽𝛽,7𝛽𝛽,17𝛽𝛽-triol active pharmaceutical ingredient was
manufactured by Norac, Azuza, CA, and formulated and
�lled in gelatin capsules by Eminent Services Corporation,
Frederick, MD. All manufacturing procedures were per-
formed according to current good manufacturing practices.

2.5. Study HE32866-0401. e phase II trial design was a
double-blind, randomized, placebo-controlled parallel group
study of the safety, tolerance, and activity of HE3286 when
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F 1: Study HE3286-0401 in type 2 diabetic subjects. HE3286-
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cohort. BMI: body mass index, w/d: withdrew, and LTFU: lost to
followup.

administered orally for 12 weeks to adult T2DM patients
(Figure 1(a)). is was an adaptive design to investigate the
characteristics of T2DM subjects that respond to HE3286. In
cohort 1 of the study, 95 eligible patients, who consented to
participate, were randomized 1 : 1 to receive study treatment
(HE3286 10mg/day or placebo) in addition to a stable dose
of metformin. Inclusion criteria for cohort 1 includedHbA1c
≥ 7.5% and fasting glucose ≤ 12.5mmol/L. In cohort 2, 69
subjects who consented to participate and who met a revised
eligibility criteria as determined by cohort 1 were random-
ized 1 : 1 to receive study treatment (HE3286 10mg/day or
placebo) as monotherapy. Aer the analysis of data from
the �rst stage of the study, the population for cohort 2
was phenotypically enriched by screening for the following:
HbA1c 7.0–10.5%, fasting glucose ≤ 12.5mmol/L, BMI ≥
28 kg/m2, insulin ≥ 27.8 pmol/L, C-peptide ≥ 0.67 nmol/L,
and serum MCP-1 ≥ 36 pmol/L. Subjects were screened and
enrolled through outpatient clinics.e sponsor selected sites
aer a site visit to determine site quali�cations and the inves-
tigator’s ability to conduct clinical investigations according

to the protocol and current Good Clinical Practice regula-
tions: clinical trial registration: HE3286-0401 NCT00694057
http://www.clinicaltrials.gov.

2.6. Analysis of Variance in Erythroid and Metabolic Param-
eters in Placebo Comparison Studies. Variance in erythroid
parameters was examined by three ways. First, the variances
for selected hematologic and metabolic laboratory values,
such as the mean coefficient of variation (CV) and the CV
range for each individual subject, were determined and com-
pared with those of healthy subjects. Second, the intravisit
changes in HbA1c were compared for individual subjects for
each conditionwith those of healthy subjects.ird, intravisit
and day 84 changes in HbA1c and other hematology and
laboratory parameters were tested for random effects.

2.7. Statistical Analyses. Random effects were tested using
Residual Maximum Likelihood (REML) using StatXact, and
outliers were examined using Mahalanobis distance (Cytel
Soware Corporation, Cambridge, MA) in conjunction with
SAS soware (SAS Institute, Cary, NC). Correlations were
tested using Spearman or Pearson correlations, and the
hypothesis that placebo participants with clinical conditions
have higher frequencies of abnormal hematology and lab-
oratory values than healthy subjects was tested using one-
tailed Fisher’s exact test. Heteroscedasticity (tests of different
variabilities between subpopulations) was tested for normal
distributions (Shapiro-Wilks 𝑊𝑊 test), and dispersion was
tested using the 2-sided 𝐹𝐹 test (Prism Graph Pad, San Diego,
CA). If therewere signi�cant differences in variances between
groups, they were further examined using a 𝑡𝑡-test assuming
unequal variances, nonparametric Mann-Whitney test, or
Fisher’s exact test. Due to the exploratory nature of this
hypothesis-testing study, 𝑃𝑃 values were not adjusted for
multiple comparisons.

2.8. Normalization of HbA1c to Remove Random Effects in
HE3286-0401. rough the course of this analysis it was dis-
covered that the in�ammatory status of the selected patient
population created large and rapid changes in the patient’s
red cell mass that affected the whole body hemoglobin
mass and consequently the �delity of the HbA1c metric.
In order to investigate HE3286 treatment effects on HbA1c
in T2DM patients, HbA1c changes were normalized to the
day 84 average Hb for each subject, by averaging Hb values
acquired at each clinic visit. is is statistically justi�ed based
on the fact that random effects have a mean of zero but
are characterized with high variances. Normalized HbA1c
(nHbA1c) was applied to correct for the in�ammation-
induced variances found in this T2DM study population with
uncontrolled in�ammation.

2.9. Details of Normalization of HbA1c Using 84-Day Aver-
age Hemoglobin in HE3286-0401. HbA1c is reported in
units of % hemoglobin (%Hb). Hb is the concentration of
hemoglobin (reported in units of g/dL).blood volume (male)
= 0.6041 + 0.3669 ∗ (height in meters)3 + 0.03219 ∗ (weight
in kg). blood volume (female) = 0.1833 + 0.3561 ∗ (height in
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meters)3 + 0.03308 ∗ (weight in kg). (Blood volume unit = L).
total Hb mass=Hb∗10∗ blood volume(Hbmass units = g).
total HbA1c =HbA1c∗total Hb mass (total HbA1c units =
g). 84 day average total Hb mass = mean of baseline to day
84 total Hb mass measurements.

Normalized HbA1c (nHbA1c) = 100 ∗ (total HbA1c/84
day average total Hb mass)(nHbA1c units = %Hb).

ΔnHbA1c represents change in nHbA1c.
day 84 ΔnHbA1c = day 84 nHbA1c−baseline nHbA1c.

3. Results

3.1. Retrospective Exploration of Increased Variance with
Metabolic Disease Progression. e hypothesis that chronic
low-grade in�ammation leads to increased variance in lab-
oratory values was explored by a retrospective review of
hematology and metabolic clinical parameters from placebo
subjects enrolled in 10 clinical studies conducted by Harbor
erapeutics, Inc., since 2001. Only placebo subject data
from these studies were used for intercomparisons to exclude
study drug effects.

3.2. Variances of Hematology and Laboratory Values between
Medical Conditions in Placebo Subjects. Changes in variance
(CV means and ranges) for hematologic and metabolic
parameters sorted by medical condition are displayed in
Figure 2. Dyslipidemic patients showed increased variances
in hematocrit, HbA1c, and fasting glucose compared to
healthy subjects. Although their lipid parameters were abnor-
mal, their lipid variances were not signi�cantly higher than
those of healthy subjects. IGT subjects had signi�cantly
higher variances for RBC, hematocrit, mean corpuscular
hemoglobin, mean corpuscular hemoglobin concentration,
hemoglobin, and HbA1c. Although they had higher post-
prandial glucose, their fasting glucose variances were not sig-
ni�cantly greater than those of healthy subjects. Metformin-
treated T2DM patients had signi�cantly higher variances
for RBC, hematocrit, hemoglobin, HbA1c, platelets, fast-
ing glucose, cholesterol, and LDL. Treatment-naïve T2DM
patients had signi�cantly elevated variances for RBC, hema-
tocrit, mean cell volume, mean corpuscular hemoglobin,
hemoglobin, HbA1c, platelets, fasting glucose, cholesterol,
HDL and LDL.

3.3. Intravisit HbA1c Changes in Placebo Subjects. Individual
subject intravisit HbA1c changes are presented by medical
condition in Figure 3. Healthy subjects HbA1c values were
only collected in study 2100-202. Over 28 days, the 8 subjects
showed an intravisit median change of 0 and a range from
−0.2 to 0.2% Hb, consistent with literature reports. HbA1c
was measured in dyslipidemic patients on days 1 and 28,
yielding a single intravisit value for 21 patients with a median
of 0 and an increased range of −0.5 to 0.5% Hb. Subjects
with dysregulated glucose showed a median change of 0
with increased ranges: IGT over 56 days (−0.3 to 0.4%
Hb), metformin T2DM over 112 days (−2.2 to 2.0% Hb),
and treatment-naïve T2DM over 112 days (−3.4 to 2.8%
Hb). Figure 3(f) shows the intravisit changes in HbA1c

T 1: Correlations with individual treatment-naïve T2DM
HbA1c and insulin coefficients of variation.

HbA1c CVa 𝑛𝑛 Pearson correlation 𝑃𝑃 value
Hemoglobin CV 28 0.44 0.018
MCP-1 CV 20 0.44 0.0495
Glucose CV 28 0.58 0.0009
C-reactive protein CV 27 0.39 0.045
HDL CV 27 0.68 <0.0001
LDL CV 22 0.52 0.013
Triglyceride CV 28 0.62 0.0004
Lymphocyte CV 26 0.44 0.0261
Monocyte CV 27 0.56 0.0026
Platelet CV 28 0.42 0.025
Red blood cell CV 28 0.53 0.0036
Hematocrit CV 28 0.48 0.0094
MCV CV 28 0.38 0.048
Insulin CV 𝑛𝑛 Pearson correlation 𝑃𝑃 value
Glucose CV 28 0.46 0.013
White blood cell CV 28 0.46 0.013
Neutrophil CV 28 0.54 0.0028

a
HbA1c: hemoglobin A1c; CV: coefficient of variation; MCP-1: monocyte
chemoattractant protein 1; HDL: high-density lipoprotein; LDL: low-density
lipoprotein; MCV: mean corpuscular volume.

for each medical condition on the same scale. Intravisit
HbA1c changes for individual T2DM patients showed 10-
fold increases over healthy subjects. ese results indicate
that the intravisit variances for individual T2DM patients are
increased and distinct from the normal variances in healthy
subjects.

3.4. Correlations with HbA1c and Insulin Variance in
Treatment-Naïve Placebo Subjects. Treatment-naïve T2DM
patients had the greatest variance in HbA1c. In this group,
Pearson correlations were used to investigate the HbA1c and
insulin variance relationships with other clinical parameter
variances (Table 1). Individual patient HbA1c CV, were
correlated with CVs for hemoglobin, MCP-1, glucose, CRP,
HDL, LDL, triglycerides, lymphocytes, monocytes, platelets,
RBC, hematocrit, and MCV, and insulin CVs were similarly
correlated with CVs for glucose,WBC, and neutrophils, indi-
cating dysregulation ofmultiple hematopoietic andmetabolic
functions within the same individual. Furthermore, REML
analyses demonstrated signi�cant random changes in day 84
glucose (𝑃𝑃 < 0𝑃0001), hemoglobin (𝑃𝑃 < 0𝑃0001), HbA1c (𝑃𝑃 𝑃
0𝑃02), and HOMA2 %B (𝑃𝑃 𝑃 0𝑃00𝑃), indicating laboratory
results unre�ective of the clinical situation.

3.5. Conclusions from the Retrospective Analysis of Placebo
Subjects with Medical Conditions. ere appears to be
a progressive increase in metabolic and hematologic
laboratory parameter variances with increased BMI and
metabolic disease progression that results in random HbA1c
changes. Based on this, intervention with the HE3286 anti-
in�ammatory agent might confer bene�t to this pathology.
However, with random HbA1c effects in the placebo
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F 2: Coefficients of variation for individual subject hematology and chemistry values in placebo comparisons. DL: dyslipidemic placebo
group, IGT: impaired glucose tolerant placebo group, Naïve: treatment-naïve uncontrolled T2DM placebo group, MET: uncontrolled T2DM
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increase inmean coefficient of variation compared to healthy participants. ∗Statistically signi�cant dispersion (2-sided𝐹𝐹 test) in the coefficient
of variation compared to healthy participants.

participants, it is difficult to demonstrate signi�cant changes
with comparisons to active agents unless a correction is
applied to the data. Accordingly, treatment effects were
investigated by normalizing HbA1c to the day 84 average
total body hemoglobin mass for each patient.

3.6. HE3286-0401. In this study, HE3286 was well toler-
ated. Seventy-six percent of cohort 1 (metformin treated)
and 77% of cohort 2 (treatment naïve) completed the
study (Figure 1(b)). Only 1 serious adverse event occurred,

a transient asymptomatic elevation from baseline of blood
amylase, which resolved on study. is event was consid-
ered by the investigator to be possibly related to study
medication. ere were no clinically signi�cant abnormal-
ities related to any body system, including hypoglycemia
and electrocardiograms, attributable to HE3286 adminis-
tration. ere were no detectable differences or trends
in adverse events between placebo- and HE3286-treated
subjects. No patient died while on study. Baseline demo-
graphics and characteristics of each group are presented in
Table 2.



Mediators of In�ammation 7

T 2: HE3286-0401 baseline demographics and characteristics of each group.

Cohort 1 All Subjects MCP-1a > 40 pmol/L MCP-1 ≤ 40 pmol/L
HE3286 Placebo HE3286 Placebo HE3286 Placebo

𝑛𝑛 34 38 22 25 12 13
Age 48 (41–57)b 50 (43–59) 49 (40–57) 12(44–61) 48 (41–57) 48 (43–56)
Gender F (%) 19 (56%) 18 (47%) 12 (56%) 12 (48%) 7 (58%) 6 (46%)
Ethnicity

White/White Hispanic 25 (74%) 27 (71%) 18 (82%) 18 (72%) 7 (58%) 9 (69%)
Black 5 (15%) 7 (18%) 2 (9%) 3 (12%) 3 (25%) 4 (31%)
Asian 3 (9%) 3 (8%) 1 (5%) 3 (12%) 1 (8%) 0 (0%)
Other 1 (3%) 1 (3%) 1 (5%) 1 (4%) 1 (8%) 0 (0%)

MCP-1 (pmol/L) 50 (35–87) 52 (34–70) 61 (50–75) 61 (52–81) 32 (27–36) 18 (20–36)
TNF𝛼𝛼 (pmol/L) 0 (0–0.1) 0 (0–0.3) 0 (0–0.1) 0 (0–0.4) 0 (0–0) 0 (0–0.4)
BMI (kg/m2) 29 (25–32) 30 (26–36) 29 (26–32) 29 (25–37) 27 (25–31) 33 (29–36)
HbA1c (%Hb) 8.5 (7.8–9.3) 8.3 (8.0–9.2) 9.0 (7.9–9.6) 8.3 (8.0–9.3) 8.0 (7.8–8.6) 8.5 (8.0–9.2)
Hb (mmol/L) 8.5 (8.1–9.3) 8.5 (8.1–9.3) 8.6 (8.1–9.3) 8.3 (8.1–9.3) 8.0 (7.5–8.7) 9.1 (8.1–9.3)
Hct (proportion) 0.41 (0.37–0.43) 0.41 (0.39–0.44) 0.41 (0.39–0.44) 0.40 (0.39–0.43) 0.39 (0.36–0.42) 0.44 (0.39–0.46)
RBC (1012/L) 4.6 (4.3–4.9) 4.7 (4.4–4.9) 4.6 (4.4–5.0) 4.7 (4.4–5.0) 4.6 (4.3–4.9) 4.7 (4.4–5.1)
Insulin (pmol/L) 56 (28–90) 63 (35–118) 69 (29–97) 56 (28–104) 56 (42–76) 90 (35–188)
C-peptide (nmol/L) 0.77 (0.60–1.0) 0.90 (0.53–1.2) 0.80 (0.50–1.1) 0.70 (0.53–1.1) 0.73 (0.67–0.87) 1.0 (0.53–1.4)
Fasting glucose (mmol/L) 8.9 (7.7–11) 9.2 (7.5–10.1) 9.5 (8.3–11) 8.4 (7.5–10) 8.1 (7.5–8.7) 9.2 (7.2–10)
1,5-Anhydroglucitol (𝜇𝜇mol/L)c 35 (12–60) 52 (20–85)
CRP (pmol/L) 30 (14–61) 25 (12–73) 29 (12–49) 13 (11–73) 35 (18–94) 26 (15–57)
HOMA2%B 47 (36–62) 59 (33–82) 41 (33–57) 58 (30–80) 58 (47–67) 70 (37–88)
HOMA2 IR 2.0 (1.5–2.7) 2.2 (1.4–3.2) 2.3 (1.3–2.9) 2.0 (1.4–2.9) 1.9 (1.6–2.3) 2.8 (1.3–3.6)
Triglycerides (mmol/L) 1.8 (1.3–2.9) 2.0 (1.3–2.5) 1.7 (1.2–3.1) 2.1 (1.3–2.7) 2.0 (1.4–2.6) 2.0 (1.3–2.1)

Cohort 2 All subjects BMI > 31 kg/m2 BMI ≤ 31 kg/m2

HE3286 Placebo HE3286 Placebo HE3286 Placebo
𝑛𝑛 25 28 12 15 13 13
Age 54 (48–60) 53 (46–58) 53 (42–56) 53 (46–55) 55 (49–63) 58 (46–62)
Gender F (%) 10 (40%) 14 (50%) 4 (33%) 9 (60%) 6 (46%) 5 (38%)
Ethnicity

White/White Hispanic 20 (80%) 27 (96%) 10 (83%) 15 (100%) 10 (77%) 12 (92%)
Black 3 (12%) 0 (0%) 2 (17%) 0 (0%) 1 (8%) 0 (0%)
Asian 2 (8%) 1 (4%) 0 (0%) 0 (0%) 2 (15%) 1 (8%)
Other 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

BMI (kg/m2) 31 (29–33) 31 (29–37) 33 (32–36) 36 (32–37) 29 (28–30) 29 (28–30)
MCP-1 (pmol/L)d 108 (51–189) 94 (64–117) 97 (49–182) 94 (62–129) 110 (68–195) 95 (67–123)
HbA1c (%Hb) 8.1 (7.5–8.7) 8.5 (7.7–10.2) 7.6 (8.0–8.4) 8.4 (7.5–9.8) 8.4 (7.5–8.8) 9.4 (8.1–10.6)
Hb (mmol/L) 9.4 (8.7–9.9) 8.8 (8.1–9.9) 9.5 (8.7–9.9) 8.9 (8.1–9.9) 8.9 (8.7–9.9) 8.8 (8.1–9.9)
Hct (proportion) 0.45 (0.41–0.46) 0.42 (0.39–0.46) 0.45 (0.43–0.46) 0.44 (0.39–0.46) 0.42 (0.40–0.47) 0.42 (0.38–0.46)
RBC (1012/L) 4.7 (4.5–5.1) 4.7 (4.5–5.1) 4.9 (4.6–5.1) 4.8 (4.5–5.0) 4.7 (4.3–5.0) 4.5 (4.3–5.1)
Insulin (pmol/L) 104 (69–146) 111 (76–153) 118 (76–139) 118 (76–146) 97 (69–153) 104 (69–174)
C-peptide (nmol/L) 1.1 (0.8–1.3) 1.1 (0.9–1.4) 1.2 (0.8–1.3) 1.2 (1.0–1.3) 1.0 (0.8–1.2) 1.0 (0.9–1.5)
Fasting glucose (mmol/L) 8.3 (7.2–9.9) 9.2 (7.3–11) 8.0 (6.7–8.8) 8.2 (6.8–10) 8.5 (7.2–11) 9.3 (8.1–13)
1,5-Anhydroglucitol (𝜇𝜇mol/L)e 54 (31–83) 102 (35–154)
CRP (pmol/L) 27 (19–49) 32 (16–48) 27 (22–67) 33 (22–53) 28 (13–48) 30 (12–45)
HOMA2%B 74 (43–108) 61 (45–89) 87 (47–123) 80 (43–120) 71 (35–85) 56 (46–73)
HOMA2 IR 2.7 (2.2–3.4) 2.8 (2.5–3.8) 2.9 (2.1–3.4) 3.2 (2.5–3.9) 2.6 (2.2–3.3) 2.7 (2.5–4.3)
Triglycerides (mmol/L) 1.6 (1.1–2.7) 2.1 (1.5–3.5) 1.4 (1.1–1.8) 2.0 (1.6–2.8) 1.4 (2.3–3.2) 3.5 (1.4–6.7)

a
MCP-1: monocyte chemoattractant protein 1; TNF𝛼𝛼: tumor necrosis factor alpha; BMI: body mass index; HbA1c: hemoglobin A1c; Hb: hemoglobin; Hct:
hematocrit; RBC: red blood cells; CRP: C-reactive protein; HOMA2 %B: homeostatic model assessment of % pancreatic beta cell function, HOMA2 IR:
homeostatic model assessment of insulin resistance. bNumbers aremedians (IQR) or numbers (%). c1,5-Anhydroglucitol only 19 retention samples (9 HE3286,
10 placebo, predominantly with MCP > 40 pmol/mL). dMCP-1 only 38 samples (18 HE3286, 20 placebo); e1,5-Anhydroglucitol only 23 retention samples (9
HE3286, 14 placebo, predominantly from BMI > 31 kg/m2 subjects).
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F 3: Intrasubject HbA1c changes in placebo comparisons. Bar and whisker plots of the change in HbA1c between visits for individual
subjects: (a) healthy subjects from study 2100-202, (b) dyslipidemic subjects from study 2200-130, (c) impaired glucose tolerance subjects
from study 3286-0102, (d) treatment-naïve type 2 diabetes patients from HE3286-0401 cohort 2, (e) type 2 diabetic patients on a stable dose
of metformin from HE3286-0401 cohort 1, (f) intravisit changes for all subjects from each condition plotted on the same scale. IGT: impaired
glucose tolerant, Metformin T2DM: uncontrolled type 2 diabetes mellitus participants on a stable dose of metformin.

3.7. Correlates of HbA1c and Hemoglobin Changes and
Variances in HE3286 and Placebo Subjects

3.7.1. Cohort 1. Correlations ofΔHbA1c, HbA1cCV, andHb
CV with other parameters are shown in Table 3. e HE3286
cohort 1 group HbA1c change was negatively correlated with
baseline MCP-1 (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃) and change in HOMA2 %B
(𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃) and positively correlated with glucose change (𝑃𝑃 𝑃
𝑃𝑃𝑃𝑃9), weight change (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃), and change in Hb (𝑃𝑃 𝑃
𝑃𝑃𝑃3). HbA1c change was positively correlated with fasting
glucose change in both HE3286 and placebo. e placebo

HbA1c change was negatively correlated with baseline TNF𝛼𝛼
(𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃) and positively with change in TNF𝛼𝛼 (𝑃𝑃 𝑃
𝑃𝑃𝑃2). In addition, in the placebo group, intrapatient HbA1c
coe�cients of variation (CV) were signi�cantly correlated
with baseline TNF𝛼𝛼 (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃2). ese relationships led
to the hypothesis that HE3286 decreased HbA1c in the
more in�amed (higher MCP-1) patients, in conjunction with
increased pancreatic beta cell function and weight loss, but in
placebos, in�ammation (TNF𝛼𝛼) was primarily contributing
to HbA1c changes.e �nding that Hb change was positively
correlated with HbA1c change suggested the possibility that
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T 3: HE3286-0401 signi�cant correlates of HbA1c and Hb changes.

Group Dependent Independent Test HE3286 Placebo
n r 95% CI P n r 95% CI P

Cohort 1

ΔHbA1ca MCP-1 Spearman 34 −0.42 −0.67 to −0.08 0.01 >0.10
ΔHOMA2 %B Spearman 34 −0.43 −0.68 to 0.10 0.01 >0.10
ΔGlucose Spearman 34 0.45 0.11 to 0.69 0.009 >0.10
ΔWeight Spearman 34 0.45 0.13 to 0.69 0.007 >0.10
ΔHb Pearson 34 0.36 0.03 to 0.62 0.03 >0.10

ΔHbA1c TNF𝛼𝛼 Spearman >0.10 34 −0.48 −0.71 to −0.16 0.004
ΔGlucose Spearman >0.10 38 0.65 0.41 to 0.81 <0.0001
ΔTNF𝛼𝛼 Spearman >0.10 32 0.40 0.05 to 0.66 0.02

HbA1c CV TNF𝛼𝛼 Pearson >0.10 34 0.50 0.19 to 0.72 0.002

Cohort 2

ΔHbA1c BMI Spearman 25 −0.41 −0.70 to −0.008 0.04 >0.10
ΔHOMA2 %B Pearson 25 −0.50 −0.75 to −0.13 0.02 >0.10
ΔGlucose Pearson 25 0.61 0.29 to 0.81 0.001 >0.10

HbA1c CV Hb CV Pearson >0.10 28 0.44 0.08 to 0.70 0.02
ΔMCP-1 Pearson >0.10 20b 0.44 0.002 to 0.74 0.0495
ΔWeight Pearson >0.10 28 −0.43 −0.69 to −0.07 0.02

Hb CV MCP-1 Spearman >0.10 20 0.38 0.03 to 0.70 0.04
Cohort 2
BMI > 31

ΔnHbA1c MCP-1 Spearman Exact 10b −0.68 —c 0.03 >0.10
ΔMCP-1 Spearman Exact 9b 0.77 — 0.002 >0.10

a
Δ: change in; CV: coefficient of variation; HbA1c: hemoglobin A1c; Hb: hemoglobin; MCP-1: monocyte chemoattractant protein-1; HOMA2%B: homeostatic
model assessment of pancreatic beta cell function; TNF𝛼𝛼: tumor necrosis factor alpha; BMI: body mass index; nHbA1c: HbA1c normalized to day 84
hemoglobin mass (see Section 2 for details). bMCP-1 data unavailable on a portion of participants. cSpearman Exact test has no con�dence interval.

in�ammation-induced effects produce randomHb levels that
contribute to increased variance in HbA1c changes.

High intrapatient CVswere observed for bothHbA1c (up
to 16%) and Hb (up to 12%) in both HE3286 and placebo
groups (data not shown). Residual maximum likelihood
(REML) analyses indicated a signi�cant random CV compo-
nent in the intrapatient Hb values, for both the HE3286 and
placebo groups (𝑃𝑃 < 𝑃𝑃𝑃𝑃𝑃𝑃 for each, data not shown).

3.7.2. Cohort 2. Cohort 2 participants were selected using
more stringent criteria for MCP-1, BMI, insulin, and C-
peptide. TNF𝛼𝛼 was not measured in this group. Conse-
quently, signi�cant correlations observed in cohort 1 for
HbA1c change with baseline MCP-1 and changes in weight
and in TNF𝛼𝛼 were not observed in the overall cohort 2
group. Table 3 also shows correlations between ΔHbA1c,
HbA1c CV, and Hb CV and other parameters in cohort 2. In
this overweight to obese population, ΔHbA1c was correlated
negatively with baseline BMI (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃) and with HOMA2
%B change (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃) and positively with day 84 change
in fasting plasma glucose (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃) for HE3286, but not
placebo. Further, we found that the cohort 2 participants
(selected for higher in�ammation) had higher variances in
erythroid hematology values than cohort 1 (see Figure 2), and
cohort 2 placebo day 84 changes in HbA1c had a signi�cant
random component (REML 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃, data not shown). In
placebo patients, HbA1c CV was positively correlated with
baseline Hb CV (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃) and the ΔMCP-1 in�ammation
marker (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃𝑃) and negatively correlated with weight

change (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃). Hb CV, in turn, was positively correlated
with baseline MCP-1 (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃). ese relationships led us
to the hypothesis that HE3286 decreased HbA1c in patients
with higher obesity (BMI), in conjunction with improved
pancreatic beta cell function and decreased fasting glucose,
that, for placebo patients, HbA1c change and Hb CV were
related to in�ammation status (MCP-1), and that weight
loss in placebos might be related to in�ammation effects on
malnutrition.

Together, the results from studies inHE3286-0401 T2DM
patients suggested that low-grade chronic in�ammation
develops during metabolic disease progression in the obese
diabetic and contributes to dysregulation of metabolic and
hematologic homeostasis. If this is correct, then intervention
with an anti-in�ammatory compound such as HE3286might
lead to restoration of homeostasis, normalization of glucose
levels, and a decline in weight. Further, the in�ammatory
effects on erythropoiesis may be quelled and the utility of
ΔHbA1c as a biomarker of glucose control restored.

3.8. HE3286-0401 Treatment Effects

3.8.1. Cohort 1. According to our observations in phase I
in�amed obese prediabetics, HE3286 should show bene�t
in in�amed T2DM individuals. e correlation of baseline
MCP-1 in the HE3286 HbA1c response was explored, and
signi�cant treatment effects were observed in the more
in�amed subjects (baseline serum MCP-1 upper 2 tertiles
(>40 pmol/L)). Table 4 displays the HE3286 day 84 treatment
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effects on clinical parameters in this subgroup. Signi�cant
decreases were observed for HOMA2 IR (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃), C-
peptide (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃), Hb (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃), Hct (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃), and RBC
(𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃) changes in the HE3286 treatment group when
compared to the placebo (metformin alone) group.

e effect of HE3286 on ΔnHbA1c in the overall pop-
ulation was not signi�cant. erefore, the day 84 treatment
effect on ΔnHbA1c was investigated in the more in�amed
MCP-1 subgroup (Table 4). e median magnitude of the
ΔnHbA1c was −0.44% Hb (HE3286, −0.34; placebo, +0.1).
e HE3286 data was normally distributed, but placebo was
signi�cantly abnormal (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃𝑃,𝑊𝑊 test, data not shown).
is situation necessitated the use of nonparametric methods
of data analysis. e HE3286 treatment effect was found
to signi�cantly decrease nHbA1c from zero (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃).
e frequency of HE3286 patients with decreased nHbA1c
was signi�cantly greater than placebo (17/22 versus 9/25,
𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃𝑃). ere were no signi�cant differences between
HE3286 and placebo groups at follow-up day 112.

e HE3286 and placebo patients distributions with
MCP-1 > 40 pmol/L are shown for ΔnHbA1c in Figure 4(a)
and for ΔHOMA2 IR in Figure 4(b). e majority of HE3286
patients showeddecreased nHbA1c andHOMA2 IR,whereas
the majority of placebos showed increases. ese results are
consistent with inhibition of NF𝜅𝜅B hyperactivation and con-
sequent restoration of normal insulin signaling, consistent
with the preclinical HE3286 observations.

3.8.2. Cohort 2. e correlation between baseline BMI and
change in HbA1c in the HE3286 group was explored by
stratifying participants on the median BMI (31 kg/m𝑃). e
ΔnHbA1c in the HE3286, but not placebo participants (with
BMI > 31 kg/m𝑃), correlated signi�cantly with their baseline
MCP-1 (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃) (Table 3). is strengthens the hypothesis
that HE3286 bene�ted the obese in�amed subset of T2�M
patients. e ΔnHbA1c also correlated signi�cantly with
ΔMCP-1 (𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃) in HE3286 (Table 3), but not in placebo
participants. us the decrease in in�ammation (MCP-1)
was associated with the decrease in HbA1c with HE3286
treatment.

e effect of HE3286 on nHbA1c in the overall popu-
lation was not signi�cant. e obese patients with a BMI
(>31 kg/m𝑃), demonstrated a signi�cant treatment effect (𝑡𝑡-
test) to decrease nHbA1c by 0.6% Hb compared to placebo,
but only aer exclusion of 2 outliers (Mahalanobis distance).
e day 84 distribution of the ΔnHbA1c for BMI > 31
is shown in Figure 4(c) (outliers circled). e variances
were much higher in the treatment-naïve patients’ param-
eters compared to uncontrolled metformin-treated patients
(Figure 3(f)). We speculated that these two outliers were still
subject to in�ammation-induced random effects, aer only
84 days of treatment and that additional treatment may be
necessary to observe effects in these individuals. Because of
the lag in ΔHbA1c following glucose excursions, we tested
the treatment effects on follow-up day 112. A signi�cant day
112 treatment effect (with no outliers) was found in the high
BMI stratum, both by nonparametric and parametric tests
(Table 4). HE3286 participants had a signi�cantmean change

from baseline (−1.0% Hb, 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃𝑃), whereas placebo
did not. e mean change compared to placebo was also
signi�cant (−0.7% Hb, 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃). e HE3286 participants
also had a signi�cant median change from baseline (−1.2%
Hb, 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃𝑃), whereas placebo did not. e magnitude of
the response in the HE3286 treatment groups was signi�cant
(−1.0% Hb, 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃) compared to placebo, as was the
frequency of subjects with a 0.5% HbA1c decrease (9/12
versus 4/13, 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃). e day 112 ΔnHbA1c distributions
for BMI > 31 kg/m𝑃 are shown in Figure 4(d).

3.9. Postprandial Treatment Effect. A signi�cant treatment
effect that lowered fasting glucose was not found and was
attributed to high metabolic parameter variations. Con-
sequently, the possibility that HE3286 decreased HbA1c
through action on postprandial glucose was investigated.
Serum 1,5-anhydroglucitol (1,5-AH) is a dietary human
metabolite that is reabsorbed by a kidney glucose transporter
[22]. e 1,5-AH level declines when blood glucose levels are
elevated above 10mmol/L and likewise increases when the
blood glucose level declines.

1,5-AH was measured in a subset of 42 participants
(19 from stages 1 and 23 from stage 2) that had available
day 84 retention samples. Analysis of 18 patients treated
with HE3286 demonstrated that their 1,5-AH concentration
increased signi�cantly (+10.4𝜇𝜇mol/L, 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃); 24 treated
with placebo demonstrated no signi�cant concentration
increase (+0.6 𝜇𝜇mol/L, 𝑃𝑃 > 𝑃𝑃𝑃). e distribution of 1,5-
AH responses is shown in Figure 4(e). e majority of
HE3286 patients signi�cantly increased 1,5-AH, compared to
placebos (15/18 versus 11/24, 𝑃𝑃 𝑃 𝑃𝑃𝑃𝑃, Fisher’s exact test).
is outcome indicates that HE3286 had a treatment effect
to decrease postprandial glucose excursions compared to
placebo, which further supports that it’s pharmacologic prop-
erty is to decrease insulin resistance (see [9] and Figure 4(b))
and lower HbA1c.

3.10. HE3286-0401 Heteroscedasticity in HE3286 and Placebo
Groups. Heteroscedasticity (differences in variances between
groups) was investigated by analyzing data distributions for
normality (Shapiro-Wilks 𝑊𝑊 test) and analyzing dispersion
(2-sided 𝐹𝐹 test). In cohort 1 placebo, but not HE3286, day
84 distributions (𝑊𝑊 test) were signi�cantly abnormal for
changes in insulin, C-peptide, fasting glucose, HOMA2 %B,
HOMA2 IR, and leptin in all subjects, and for changes
in HbA1c, fasting glucose, and HOMA2 %B for MCP-1
> 40 pmol/L participants. Variances for cohort 1 placebo
subjects (𝐹𝐹 test) were also signi�cantly higher than those of
HE3286 subjects for insulin, C-peptide, and HOMA2 IR for
all subjects.

Cohort 2 placebo, but not HE3286 distributions were
abnormal (𝑊𝑊 test) for the group as a whole for changes
in all the following parameters: day 84 nHbA1c, fasting
glucose, MCP-1, and triglycerides and day 112 nHbA1c,
fructosamine, and HOMA2 %B. In the BMI > 31 subgroup,
abnormal distributions were found for changes in all the
following parameters: day 84 HOMA2 %B and day 112
insulin, C-peptide, HOMA2 %B, and HOMA2 IR. Variances
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F 4: HE3286-0401 distributions of changes by participant. (a) Day 84 cohort 1 baseline MCP-1 > 40 pmol/L individual subject changes
in normalized HbA1c by treatment. (b) Day 84 cohort 1 baseline MCP-1 > 40 pmol/L individual subject changes in homeostatic model
assessment of insulin resistance by treatment. (c) Day 84 cohort 2 baseline BMI > 31 kg/m2 individual subject changes in normalized HbA1c
by treatment. e circles indicate two outliers detected using Mahalanobis distance. (d) Day 112 cohort 2 baseline BMI > 31 kg/m2 individual
subject changes in normalizedHbA1c by treatment. (e) Pooled 1,5 anhydroglucitol changes from day 84 cohort 1 and 2 analyses by treatment.
Analyses were performed on a subset of patients with available retention samples, predominantly those in cohort 1 with baseline MCP-1 >
40 pmol/L and in cohort 2 with baseline BMI > 31 kg/m2.

for cohort 2 placebo subjects as a whole were signi�cantly
higher (𝐹𝐹 test) for changes in all of the following parameters:
day 84 insulin, HOMA2 %B, and triglycerides, and day
112 insulin and HOMA2 %B. Variances in placebo were
also higher for the BMI > 31 kg/m2 subgroup for changes
in day 84 MCP-1 and triglycerides and day 112 insulin
(Table 5).

ese differences in distribution and dispersion between
groups were not readily evident until day 84 of treatment
(data not shown). Together, these �ndings further support
an HE3286 treatment effect that decreases random metabolic

effects and restores homeostasis to uncontrolled T2DM
patients.

4. Discussion

4.1. Study HE3286-0401. is initial clinical trial of HE3286
in diabetes was designed to take all eligible patients with
uncomplicated T2DM even though HE3286 was only quali-
�ed in animalmodels of obese diabetes and subsequently only
demonstrated activity in obese individuals that present with
in�ammation-induced insulin resistance.e strategic intent
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T 4: HE3286-0401 treatment effects in obese in�amed subgroups.

Group Effect Value Change P Testg
HE3286 Placebo

Cohort 1
MCP > 40a

ΔHOMA2 IRc Day 84 mean −0.1 +0.4 0.02
ΔC-peptide −0.03 +0.1 0.04

ΔHb −0.25 +0.06 0.02 t-test
ΔHct −0.06 +0.09 0.02
ΔRBC −0.05 +0.09 0.02

ΔnHbA1c Day 84 median −0.34 0.03 Wilcoxon
Day 84 median 0.1 —
Day 84 numbers 17⇓e 5⇑f 9⇓ 16⇑ 0.0008 Fisher’s Exact
Day 84 mean −0.46 −0.21 —

Day 84 mean−2 outliersd −0.82 −0.21 0.04 t-test

Cohort 2
BMI > 31b

ΔnHbA1c Day 112 mean −1.0 0.0007
−0.3 — t-test

−1.0 −0.3 0.03
Day 112 median −1.2 0.002 Wilcoxon

−0.16 —
−1.2 −0.16 0.02 Mann Whitney

a
Participants with baseline monocyte chemoattractant protein greater than the lowest tertile (40 pmol/L). bParticipants with baseline body mass index greater

than the median (31 kg/m2). cΔ: change in; HOMA2 IR: homeostatic assessment model insulin resistance; Hb: hemoglobin; Hct: hematocrit, RBC: red blood
cells; nHbA1c: normalized HbA1c (see Section 2 for details); dTwo outliers removed (outliers circled in Figure 4(c), Mahalanobis distance); eDecrease from
zero change; fIncrease from zero change; gParametric means and t-test used for data with normally distributed data, Nonparametric medians, Wilcoxon, Mann
Whitney, and Fisher’s Exact test used for abnormally distributed data.

of the study was to identify the responding T2DMpopulation
by surveying a broad swath of the constellation of syndromes
that are de�ned by the T2DM condition.

Based on �ndings in cohort 1, which indicated low BMI
individuals were HE3286 nonresponders, and the inclusion
criteria in the second cohort of the trial were modi�ed,
concentrating the population to elevated weight (BMI) and
in�ammatory status (MCP-1). Additional criteria included
a requirement for detectable insulin and C-peptide levels.
is eliminated the patient population that had progressed
to lose signi�cant 𝛽𝛽-cell function and who were no longer
able to produce insulin, a population clearly not indicated for
treatment with an insulin sensitizer. Notably, these criteria
were also imposed on clinical trials with the thiazolidine-
diones (J. Olefsky, personal communication). In addition
treatment-naïve patients were recruited in cohort 2 to remove
the potential for metformin to blunt the HE3286 treatment
effect and consequently amplify the single agent treatment
outcome.

We designed this study to test the hypothesis, based on
preclinical data and on molecular studies of HE3286 binding
partners, that HE3286 would decrease the hyperactivation
of NFkB with consequent restoration of insulin signaling
[5, 6], dependent on its interaction with extracellular sig-
nal regulated kinase (ERK) 1 and 2 [7] in addition to
other binding partners. ERK1 is an important mediator
of in�ammation-induced insulin resistance [23–25], insulin
receptor substrate (IRS)-1 serine (inhibitory) phosphoryla-
tion, and the inhibitory effect of TNF𝛼𝛼 on insulin signaling

[26]. HE3286 does not inhibit insulin-mediated ERK acti-
vation, but inhibits LPS- and TNF𝛼𝛼-stimulated ERK hyper-
activation, and IRS-1 serine phosphorylation mediated by
IKK and JNK [5, 6]. Coincident HE3286-mediated changes
in ERK, IKK, JNK, and p38 MAPK signal transduction
may explain the preferential responses observed in high
adiposity in�amed T2DMpatients. Signal transduction path-
ways in omental fat are altered in obese, compared to lean
individuals. In humans, activation of JNK and p38 MAPK
was increased in omental fat (compared to paired subcu-
taneous fat) from obese, but not lean individuals, and this
hyperphosphorylation correlated with clinical parameters
of hyperglycemia and insulin resistance [27]. It will be
important to further clarify the role of ERK in the activity of
HE3286.

4.2. HE3286Correlates. Data analysis presented here demon-
strated that the cohort 1 day 84 changes in the primary end
point HbA1c had a signi�cant relationship with expected
changes in beta-cell function, fasting glucose, and weight,
and also with baseline in�ammation status (MCP-1). Sur-
prisingly a relationship with hemoglobin was also detected,
a biomarker that is presumed stable over several weeks. Of
these covariates associated with HbA1c change, only fasting
glucose was signi�cant in placebo patients.

In the enriched cohort 2 population, the HbA1c HE3286
treatment response was no longer dependent on MCP-
1 but rather BMI with a statistically signi�cant negative



Mediators of In�ammation 13

T 5: HE3286-0401 Heteroscedasticitya Between HE3286 and Placebo Changes from Baseline Values in Laboratory Parameters.

Group Day Parameter HE3286 HE3286 > Placebo Placebo Placebo >HE3286
W test P F test P W test P F test P

Cohort 1

84 ΔInsulind >0.1 >0.1 <0.0001 0.007
ΔC-peptide >0.1 >0.1 <0.0001 0.0495
ΔFasting glucose >0.1 >0.1 0.02 >0.1
ΔHOMA2%B >0.1 >0.1 <0.0001 >0.1
ΔHOMA2 IR >0.1 >0.1 0.002 0.049
Δleptin >0.1 >0.1 0.005 >0.1

Cohort 1
MCP-1 > 40b

84 ΔHbA1c >0.1 >0.1 0.006 >0.1
ΔFasting glucose >0.1 >0.1 0.02 >0.1
ΔHOMA2%B >0.1 >0.1 <0.0001 >0.1

Cohort 2

84 ΔnHbA1c >0.1 >0.1 0.04 >0.1
ΔInsulin >0.1 >0.1 >0.1 0.004
ΔFasting glucose >0.1 >0.1 0.03 >0.1
ΔHOMA2%B >0.1 >0.1 >0.1 0.006
ΔMCP-1 >0.1 >0.1 0.005 >0.1
ΔTriglycerides >0.1 >0.1 <0.0001 0.007

112 ΔnHbA1c >0.1 >0.1 0.0007 >0.1
ΔInsulin >0.1 >0.1 >0.1 0.008
ΔFructosamine >0.1 >0.1 0.002 >0.1
ΔHOMA2%B >0.1 >0.1 <0.0001 0.01

Cohort 2
BMI > 31c

84 ΔHOMA2%B >0.1 >0.1 0.007 >0.1
ΔMCP-1 >0.1 >0.1 >0.1 0.009
ΔTriglycerides >0.1 >0.1 >0.1 0.001

112 ΔInsulin >0.1 >0.1 <0.0001 0.001
ΔC-peptide >0.1 >0.1 <0.0001 >0.1
ΔHOMA2%B >0.1 >0.1 <0.0001 >0.1
ΔHOMA2 IR >0.1 >0.1 <0.0001 >0.1

>0.1 >0.1 >0.1 >0.1
a
Heteroscedasticity describes differences in variances between groups. bParticipants with baseline monocyte chemoattractant protein greater than the lowest

tertile (40 pmol/L, see results). cParticipants with baseline body mass index greater than the median (31 kg/m2, see results). dAbbreviations: Δ: change in;
HOMA2 %B: homeostatic model assessment of pancreatic beta cell function; HOMA2 IR: homeostatic model assessment of insulin resistance; HbA1c:
hemoglobin A1c; nHbA1c: HbA1c normalized to 84 day average hemoglobin mass; MCP-1: monocyte chemoattractant protein-1.

correlation; the higher the BMI the larger the effect onHbA1c
decline. Higher BMI subjects presented with higher MCP-
1. e cohort 2 outcome remained correlated with expected
changes in 𝛽𝛽-cell function and with fasting glucose.

us the general population enrolled in cohort 1 was a
very different ensemble of participants than those enrolled
in cohort 2. While the relationships of change in HbA1c
with changes in 𝛽𝛽-cell function and fasting glucose remained,
the relationship to weight loss was not seen in the cohort 2
participants selected with higher BMI inclusion criteria.

4.3. Placebo Correlates. Cohort 1 placebo group HbA1c
change was dependent only on baseline in�ammation status
(TNF𝛼𝛼 and day 84 TNF𝛼𝛼 change). In cohort 2, there were
no placebo correlates to HbA1c change. Importantly, fasting
glucose change was not correlated with HbA1c change in
this group, indicating that glucose levels were uncoupled

from the HbA1c surrogate marker. Rather, placebo HbA1c
variance (CV) was correlated strictly with in�ammation in
both cohorts. is was evidenced by correlation to baseline
TNF𝛼𝛼 in cohort 1 and dependent on both changes in MCP-
1 and surprisingly hemoglobin CV in cohort 2. Hb CV
was in turn dependent on baseline MCP-1 (TNF𝛼𝛼 was not
measured).

In cohort 1 this later dependency on Hb CV was not
detected perhaps due to the heterogeneity of themore general
patient population (including nonobese and nonin�amed
diabetics). In cohort 2, placebo HbA1c CV was negatively
correlated with weight change, indicating that higher weight
led to increased variance. Cohort 2 placebo weight loss was
unexpectedly unrelated to HbA1c and glucose control. Since
placebo HbA1c CV was correlated with TNF𝛼𝛼 change in
cohort 1, the weight loss associated with higher HbA1c CV
in the cohort 2 placebo group is presumed to be related
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to in�ammation effects on satiety or metabolism leading to
changes in caloric intake and energy balance.

4.4. HE3286 Treatment Effects. e signi�cant correlation of
changes inHbA1c and hemoglobinwas an unexpected obser-
vation as hemoglobin is considered an invariant biomass
from which HbA1c is formed as a re�ection of total
hyperglycemia and therefore its status as an FDA approved
biomarker. Inspection of individual patient HbA1c changes
revealed a high degree of intravisit variance, contrary to
its presumed highly controlled and stable total body mass.
Further exploration of the hematopoietic elements gathered
with the safety data demonstrated these variant effects were
not only on the hemoglobin mass but also on other compo-
nents such as RBC, hematocrit, mean red cell volume, mean
corpuscular hemoglobin and platelets, as well as a variety of
metabolic parameters including glucose and cholesterol.

Unexpected variance in metabolic and hematologic
parameters related to the effects of chronic low-grade in�am-
mation in uncontrolled obese diabetes produced a signi�-
cant barrier to these analyses and data interpretation. e
variances that caused differing distributions and dispersions
between treatment and placebo groups’ coupled with the
HE3286 treatment effect presented signi�cant statistical chal-
lenges. Statistically random effects in the treatment-naïve
placebo group were demonstrated for day 84 changes in
glucose and in the key surrogate parameters hemoglobin,
HbA1c and HOMA2 %B. e increasing variances in indi-
vidual HbA1c change with metabolic disease progression
demonstrated median changes of zero for dyslipidemic, IGT,
and T2DM patients. Statistically, random effects are assumed
to be the realization of a normal distribution with a mean
of zero and a variance that can be estimated. In order to
investigate HE3286 treatment effects, we were prompted to
remove this random component by normalizing HbA1c to
the day 84 average total hemoglobin mass (mean 84-day
change of zero) for each patient.

In the broadly de�ned population of metformin-treated
T2DM patients (cohort 1), the HE3286 responsive patient
population was found in the upper two tertiles of the
in�ammation marker MCP-1 (≥40 pmol/L). In the in�amed
treatment-naïve patients’ population studied in cohort 2, the
responding population was found above the median BMI
(obese subjects, >31 kg/m2). e magnitude of the treatment
response was indeed greater in the treatment-naïve (cohort
2) than metformin-treated patients.

In both cohort 1 and 2, HE3286 treatment was associated
with a total Hb mass normalization evidenced by day 84
data distributions and decreased variances in numerous
metabolic and erythroid values. For several of these dys-
regulated parameters, HE3286 did not show a signi�cant
correction until day 84. We interpret these results to indicate
that HE3286, via its anti-in�ammatory activity, decreased
in�ammation-driven metabolic dysregulation.

HE3286 showed a signi�cant effect to improve insulin
resistance in IGT subjects [9] and to decrease HOMA2
IR in cohort 1 T2DM patients, but not in cohort 2. It is
possible that since cohort 2 was naïve, previously untreated
T2DM patients and showed higher variances, additional

improvements would be observed with longer treatment time
frames or drug combination therapy.

4.5. Metabolic Disease, Variance, and Random Effects. e
relationship between in�ammation and increased variances
in erythroid and metabolic laboratory parameters was inves-
tigated in clinical settings of increasing chronic low-grade
in�ammation, adiposity, and metabolic dysregulation. Com-
pared to a healthy group, signi�cantly increased variances
were observed for hematocrit, and HbA1c for dyslipidemic,
IGT, and T2DM patients. RBC and hemoglobin values
were also signi�cantly variable, and the fasting glucose
was variable in both dyslipidemic and T2DM patients. In
treatment-naive T2DM, high variances and random effects
were observed in a large number of metabolic and hema-
tologic parameters that the medical community relies on
for medical diagnoses. ese changes were correlated with
increased in�ammatory mediators. is data supports our
hypothesis that, in obese subjects, adipose tissue in�amma-
tion contributes to both metabolic and hematologic dysregu-
lation within the same individuals.

is is the �rst clinical report of extreme �uctuations
in the marker HbA1c in patients with uncontrolled type 2
diabetes mellitus, but there are published data for type 1
diabetes mellitus (T1DM). Fluctuations in %HbA1c of more
than 1% occurred in 50% of the patients year to year, and
over 9 years the minimum-maximum range was >3% and
>5% HbA1c in 55% and 11% of patients, respectively, [17].
In T1DM subjects followed for 4 years, there was high CV for
intraindividual HbA1c measurements (15.5 ± 8.1%), which
was lower for patients with good glycemic control. Intrasub-
ject variations of fasting glucose and HbA1c (HbA1c 6–8%,
with <10% variation in HbA1c over the last two months)
were determined in healthy subjects and T1DM patients
with good glycemic control [18]. Glucose intrasubject CV,
were 5.4% (range 4.6–6.0) for healthy and 30.5% (26.7–35.5)
for T1DM. HbA1c CV, were 1.2% (1.1–1.4) for healthy
and 1.7% (1.5–1.9) for T1DM with good glycemic control.
Longitudinal changes in T1DM glycemic control gave a
signi�cant positive association between baseline HbA1c and
CV for intraindividual HbA1c (𝑃𝑃 < 𝑃𝑃𝑃𝑃) [19].

HbA1c is a useful marker for detection of patients with
elevated fasting and postprandial glucose. e ADA recom-
mends that anyonewithHbA1c> 7 be treatedwith additional
agents to return them to a glucose-controlled state. In this
speci�c patient population of type 2 diabetes with HbA1c
that is uncontrolled according to theADA recommendations,
the authors have found that the basic hypothesis of stable
hemoglobin and red cell lifespan allowing extrapolation from
HbA1c change and glucose control is �awed, that intravisit
�uctuations can be large, and that a change in HbA1c
values between two visits is unlikely to re�ect a meaningful
therapeutic effect on glucose control in this uncontrolled
population. us, in clinical efficacy studies in patients with
poorly controlled HbA1c, the authors recommend that addi-
tional tests of glucose control be used for determination of
efficacy of new antidiabetic therapies. Numerous publications
argue for the improved management by using continuous
glucose monitoring, and for the Ptime-averaged effects of
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using 1,5-anhydroglucitol [28] to better understand variation
in glucose control.

4.6. HE3286-0401 Conclusions. e hypotheses tested in this
study appear to be borne out in the high adiposity T2DM
patient. HE3286 preferentially improved clinical parameters
in obese in�amed insulin-resistant T2DM patients. Since
in�ammatory changes were driving HbA1c changes in the
placebo group for both cohorts 1 and 2, the changes
observed with HE3286 treatment appear to be due to its anti-
in�ammatory activity (i.e., to break the cycle of in�ammatory
kinase-mediated inhibition of insulin receptor signaling).
Furthermore, T2DM subjects that lack chronic, low-grade
in�ammation lack the speci�c lesion in the insulin receptor
signaling pathway that HE3286 was developed to interdict.
eir glucose intolerance arises for other reasons, and there-
fore they are unaffected by HE3286.

Obese type 2 diabetic incidence is increasing at an alarm-
ing rate. Regaining glucose control and metabolic regulation
and preventing or delaying macrovascular and microvascu-
lar complications could help to contain rising health care
costs for end-stage diabetes complications. Understanding
which patients are to bene�t from a new therapy is now
a regulatory consideration. e FDA has published the
Critical Path Initiative, with personalized medicine, or the
patient-speci�c information to individualize therapy and
disease management as a major theme, and published on the
importance of clinical validation of personalized medicine
selection criteria in diabetes [29]. Based on estimates of
obese, in�amed diabetics in the future at approximately
50% (J. Olefsky, personal communication), HE3286 offers
a potentially important personalized medicine for these
subjects.

HE3286 is active at low (hormonal level) doses and is an
anti-in�ammatory insulin sensitizer with a toxicology pro�le
conducive for chronic daily use [1]. In the responsive subpop-
ulations HE3286 signi�cantly decreased HbA1c compared to
placebo, by day 84 in metformin-treated subjects with high
MCP-1, and by day 112 in treatment-naïve subjects with high
BMI.e data presented here in uncontrolled T2DMpatients
make a compelling argument for further testing of HE3286
in the high adiposity, in�amed T2DM patient subset, using
oral glucose tolerance testing, 1,5-AH, or continuous glucose
monitoring to assess treatment effects. e correlation or
lack thereof with the surrogate marker HbA1c should be
con�rmed in these uncontrolled patients.
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Diabetes mellitus (DM) is a complex disease characterized by chronic hyperglycemia, a known risk factor for accelerated
atherosclerosis and vascular disease. e aim of this study was to show that the connection between DM and other risk factors,
such as dyslipidemia, in�ammatory phenomena, or the development of certain vascular injuries, leads to a high frequency of
thrombotic events in diabetic patients compared to the nondiabetic population. e study included one hundred eighty patients
divided in the following groups: diabetic without ischemic cardiopathy-related disorders (DM), diabetic with clinical or off-
clinical (electrocardiogram, cardiac ultrasound) ischemic cardiopathy-related disorders (DM+ IC), and nondiabetic with ischemic
cardiopathy-related disorders (IC). We investigated the following parameters: von Willebrand Factor, HDL-cholesterol, LDL-
cholesterol, interleukin-1-beta, protein C, and plasminogen activator inhibitor type 1. e results achieved in our study have
revealed the highest thrombotic risk among the groups of diabetic patients, which is in direct correlation with the high values
of interleukin-1-beta and the modi�cations of lipid parameters, acknowledging the data in the literature, according to which
hyperglycemia alters endothelial functions directly and indirectly by synthesis of growth factors and cytokines and generates
metabolic disorders which would explain the high risk for thrombotic events.

1. Introduction

Diabetes mellitus, a disorder with a thrombophilic potential,
became an endemic pathology worldwide, alarming not only
because of its high incidence, but also because of its serious
complications that lead to very costly medical assistance
and even death. Numerous clinical observations [1] empha-
sized the frequent association of high blood pressure, DM,
hyperlipidemia, and thrombotic complications, association
that is likely to have a common pathogenesis-in�ammatory
endotheliopathy.

Hyperglycemia may cause vessel damage through the
following pathways: advanced glycation end product (AGE)
formation, activation of protein kinase C (PKC), and sorbitol

accumulation by way of the polyol pathway [2]. ese path-
ways could be linked by an increased production of super-
oxide anions [3]. e hyperglycemia induced by increased
oxidative stress and receptor for advanced glycation end
products (RAGE) activation increases the activation of
transcription factor-jB (NF-jB) in endothelial and vascular
smooth muscle cells. is transcription factor regulates the
expression of the genes encoding a number of mediators
of atherogenesis such as leukocyte-cell adhesion molecules
and chemoattractant proteins that recruit lymphocytes and
monocytes into the vascular wall. Activation of the NF-
jB pathway may also cause a switch of the endothelial
functions toward a prothrombotic condition that, together
with an altered plateletmetabolism and intraplatelet signaling
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T 1: e repartition of the patients by age and gender.

Age
Number of patients

between 61–70
years old

Number of patients
between 71–82

years old
Female 49 49
Male 36 46

pathways and with the in�ammatory sindrome, contributes
to the pathogenesis of atherothrombotic complications in
diabetes mellitus.

e physiopathology of the changes in the lipid meta-
bolism of DM is multifactorial and incompletely deci-
phered. Quantitative anomalies of lipoproteins (LP) consist
of increasing levels of triglycerides as the VLDL and IDL
and decreased levels of HDLc due to the decrease of the
subfraction HDL2. e decrease of HDLc is due to the rise
in its catabolization. Qualitative anomalies of LP include
changes in the size of LP (bigVLDLparticles, small and dense
LDLc particles), increase of the contents of triglycerides in
LDLc and HDLc, the glycation of apolipoproteins and lipids,
and the increase of LDLc susceptibility to oxidation. ese
anomalies of LP alter their normalmetabolism, increase their
atherogenic capacity, and contribute to the promotion of
accelerated atherogenesis in diabetic patients [4]. Small and
dense LDLc fractions are the most atherogenous, increasing
the risk of coronary disease up to three times.

e aim of this study was to show that the connection
between DM and other risk factors, such as dyslipidemia,
in�ammatory phenomena, or the development of certain
vascular injuries, leads to a high frequency of thrombotic
events in diabetic patients compared to the nondiabetic
population.

2. Materials andMethods

2.1. Patients. e study comprises 180 patients, 98 females
and 82 males (Table 1), with ages between 61 and 82. e
patients were followed between June 1, 2009 and December
1, 2009.

e patients were distributed in 6 groups (Table 2).

Group 1: diabetic women with clinical or off-clinical
disorders (electrocardiogram, cardiac ultrasound)
related to ischemic cardiopathy (41 patients) (DM +
IC).
Group 2: diabetic women without ischemic cardio-
pathy-related disorders (37 patients) (DM).
Group 3: nondiabetic women with ischemic cardio-
pathy-related disorders (20 patients) (IC).
Group 4: diabetic men with clinical or off-clinical
ischemic cardiopathy-related disorders (29 patients)
(DM + IC).
Group 5: diabetic men without ischemic cardiopathy-
related disorders (33 patients) (DM).
Group 6: nondiabetic men with ischemic cardio-
pathy-related disorders (20 patients) (IC).

e selection criteria of the diabetic patients were the
presence of type 2 diabetesmellitus treated by diet and/or oral
antidiabetic drugs and the duration of the disease between 2
and 10 years.

e patients with cardiovascular disorders have been
included in the study based on the following criteria: the
presence of signs and symptoms of any cardiovascular disease
such as effort stable pectoral angina, aggravated pectoral
angina, and chronic myocardial infarction; the values of
systolic blood pressure >145mmHg and of diastolic blood
pressure >95mmHg; the presence of arrhythmia of any kind:
atrial and ventricular extra-systolic arrhythmias, supraven-
tricular arrhythmias-atrial �brillation, or atrial �utter of
ischemic cause. In the study we also included the patients
with the following cardiovascular disorders in personal
pathological antecedents: coronary disease under any man-
ifestation form, rheumatismal or non-rheumatismal valvu-
lopathy, ischemic or hypertensive dilated cardiomyopathy,
ischemic stroke.

2.2. Analyzed Parameters. von Willebrand Factor (vWF),
protein C (PC), plasminogen activator inhibitor type 1
(PAI-1), and interleukin-1-beta (IL-1𝛽𝛽) were determined
using plasma; venous blood, collected in 0,105M sodium
citrate vacutainer (sodium citrate/blood ratio = 1/9), was
centrifuged 15 minutes at 2500 rpm followed immediately
by plasma separation and its freezing. Plasma obtained by
centrifugation was frozen (no longer than 4 weeks) at −20
degree Celsius until the tests were performed.

(i) von Willebrand Factor measurement was performed
by an immunoturbidimetry assay(vWF :Ag) on an
automatic analyzer, using reagents from the Biomnis
Laboratory, France. Reference values = 50–160%.

(ii) Protein C was determined by an enzymatic immu-
noassay test (EIA) using reagents from the Biomnis
Laboratory, France. Reference values: 65–140%.

(iii) PAI-1was determined using a chromogenic substrate
method with reagents from the Biomnis Laboratory,
France. Reference values: <10 kU/L.

(iv) IL-1𝛽𝛽: the test was performed using ELISA method.
Reference values: <3.9 ng/mL.

(v) HDL Cholesterol (HDLc): the venous blood col-
lected in a vacutainer without anticoagulant, was
centrifuged to obtain the serum, and the test was
performed using an enzymatic colorimetric method
on a TECAN microplate reader by commercially
available kits (Audit Diagnostics, Ireland). Reference
values: 65–100mg/dL.

(vi) LDL Cholesterol (LDLc): was determined accord-
ing to the Friedewald formula. Reference values:
0–130mg/dL.

2.3. Statistical Data Interpretation. Data were expressed as
mean (𝑥𝑥𝑥 𝑥 standard deviation (SD).

e Pearson correlation (𝑟𝑟𝑥 indicates the degree of linear
dependence between the variables (and it ranges from −1
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T 2: e groups of patients taken in the study.

Diabetic patients with clinical
or off-clinical disorders related

to ischemic cardiopathy
(number of patients)

F/M

Diabetic patients without
clinical or off-clinical

disorders related to ischemic
cardiopathy

(number of patients)
F/M

Nondiabetic patients with
ischemic cardiopathy-related

disorders
(number of patients)

F/M

Total number of patients
(F/M)

70
41/29

70
37/33

40
20/20

Age between 61 and 70 years
(F/M)

42
24/18

28
15/13

15
10/5

Age between 71 and 82 years
(F/M)

28
17/11

42
22/20

25
10/15

F: female, M: male.

T 3: e mean values of monitored parameters in the studied groups.

Group Gender vWF (%) IL-1𝛽𝛽 (ng/mL) HDLc (mg/dL) LDLc (mg/dL) C Prot (%) PAI-1 (kU/L)
𝑥𝑥 𝑥 SD 𝑥𝑥 𝑥 SD 𝑥𝑥 𝑥 SD 𝑥𝑥 𝑥 SD 𝑥𝑥 𝑥 SD 𝑥𝑥 𝑥 SD

DM + IC F versus M 232.1 𝑥 30.87 16.11 𝑥 7.51 55.11 𝑥 7.99 137.2 𝑥 24.32 56.3 𝑥 17.09 15.06 𝑥 3.81
𝑃𝑃 𝑃 0.05 224.8 𝑥 64.00 14.37 𝑥 6.38 56.44 𝑥 8.94 144.7 𝑥 37.06 46.8 𝑥 7.90 15.2 𝑥 2.74

DM − IC F versus M 202.0 𝑥 52.95 14.47 𝑥 6.74 57.41 𝑥 12.41 142.1 𝑥 36.81 65.4 𝑥 15.02 13.3 𝑥 3.59
𝑃𝑃 𝑃 0.05 184.4 𝑥 59.56 13.84 𝑥 7.06 58.78 𝑥 7.87 140.6 𝑥 37.14 60.1 𝑥 3.07 12.3 𝑥 3.13

Non DM + IC F versus M 185.7 𝑥 67.79 5.68 𝑥 2.78 53.45 𝑥 13.36 169.9 𝑥 11.94 74.0 𝑥 25.27 10.8 𝑥 4.26
𝑃𝑃 𝑃 0.05 165.6 𝑥 75.09 6.74 𝑥 3.91 52.46 𝑥 7.22 170.4 𝑥 24.49 73.1 𝑥 17.02 10.0 𝑥 2.62

DM + IC: patients with diabetes mellitus and ischemic cardiopathy.
DM – IC: patients with diabetes mellitus without ischemic cardiopathy.
Non DM + IC: patients without diabetes mellitus and with ischemic cardiopathy.
F: female, M: male.

T 4: e correlation matrix between the monitored parameters in patients from DM + IC group (according to the coefficient of Pearson
correlation-𝑟𝑟).

Parameter vWF (%) IL-1𝛽𝛽 (ng/mL) HDLc (mg/dL) LDLc (mg/dL) C Prot (%) PAI-1 (kU/L)
𝑟𝑟 𝑟𝑟 𝑟𝑟 𝑟𝑟 𝑟𝑟 𝑟𝑟

vWF (%) 1 0.38 −0.33 0.11 −0.11 −0.38

Males

IL-1𝛽𝛽 (ng/mL) −0.54 1 0.17 −0.42 0.37 −0.12
HDLc (ng/mL) 0.23 −0.7 1 −0.11 −0.03 0.27
LDLc (ng/mL) 0.32 −0.35 0.33 1 −0.88 −0.19
C Protein (%) −0.7 −0.48 −0.56 −0.42 1 0.08
PAI-1 (kU/L) 0.14 0.66 −0.53 −0.4 −0.12 1

Females

to +1). As it approaches zero there is less of a relationship
(closer to uncorrelated). e closer the coefficient is to either
−1 or 1, the stronger the correlation between the variables.

Unpaired Student’s 𝑡𝑡-test was performed to determine
whether there were signi�cant (𝑃𝑃 𝑃 0.05) differences bet-
ween groups.e threshold of statistical signi�cance which is
unanimously accepted is 95%, namely, 𝑃𝑃 𝑃 0.05. e smaller
the 𝑃𝑃 value is than this value, the stronger the statistical
signi�cance (𝑃𝑃 𝑃 0.05) statistically insigni�cant.

3. Results and Discussions

emean values ofmonitored parameters (Tables 3 , 4, 5, and
6) have not shown signi�cant differences between genders
(𝑃𝑃 𝑃 0.05) in any of the investigated groups.

3.1. Groups DM + IC. Within these groups of patients, the
following parameters showed themostmodi�ed values: vWF,
PAI-1, PC, and IL-1𝛽𝛽. Regarding the distribution by gender,
in females the values of the analyzed parameters have been
slightly modi�ed compared to those registered in males,
without revealing a signi�cant statistical difference between
men and women.

e following signi�cant correlations have been identi-
�ed among the analyzed parameters.

(i) Females:
(a) indirect correlations between:

(1) vWF and PC (𝑟𝑟 𝑃 − 0.70),
(2) HDLc and IL-1𝛽𝛽 (𝑟𝑟 𝑃 − 0.70),
(3) HDLc and PAI-1 (𝑟𝑟 𝑃 −0.53).
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T 5: e correlation matrix between the monitored parameters in patients from DM − IC group (according to the coefficient of Pearson
correlation-𝑟𝑟).

Parameter vWF (%) IL-1𝛽𝛽 (ng/mL) HDLc (mg/dL) LDLc (mg/dL) C Prot (%) PAI-1 (kU/L)
𝑟𝑟 𝑟𝑟 𝑟𝑟 𝑟𝑟 𝑟𝑟 𝑟𝑟

vWF (%) 1 −0.37 −0.12 0.12 0.2 0.16

Males

IL-1𝛽𝛽 (ng/mL) −0.33 1 0.55 0.24 −0.28 0.38
HDLc (ng/mL) 0.19 0.11 1 −0.38 −0.25 −0.13
LDLc (ng/mL) −0.2 −0.39 0.28 1 0.3 0.21
C Protein (%) −0.7 0.2 0.29 −0.05 1 −0.33
PAI-1 (kU/L) −0.45 0.13 −0.23 0.22 0.14 1

Females

T 6: e correlation matrix between the monitored parameters in patients from non DM + IC group (according to the coefficient of
Pearson correlation-𝑟𝑟).

Parameter vWF (%) IL-1𝛽𝛽 (ng/mL) HDLc (mg/dL) LDLc (mg/dL) C Prot (%) PAI-1 (kU/L)
𝑟𝑟 𝑟𝑟 𝑟𝑟 𝑟𝑟 𝑟𝑟 𝑟𝑟

vWF (%) 1 0.22 0.62 −0.05 0.13 0.71

Males

IL-1𝛽𝛽 (ng/mL) 0.6 1 0.38 0.49 0.53 0.02
HDLc (ng/mL) −0.48 −0.47 1 0.02 0.53 0.5
LDLc (ng/mL) 0.3 0.29 −0.21 1 0.1 −0.06
C Protein (%) −0.4 −0.4 −0.15 0.42 1 0.2
PAI-1 (kU/L) 0.88 0.7 −0.52 0.47 −0.24 1

Females

(b) direct correlations between:

(1) IL-1𝛽𝛽 and PAI-1 (𝑟𝑟 𝑟 𝑟𝑟𝑟𝑟).

(ii) Males:

(a) indirect correlations between:

(1) LDLc and PC (𝑟𝑟 𝑟 −𝑟𝑟𝑟𝑟).

(b) direct correlations between:

(1) IL-1𝛽𝛽 and vWF (𝑟𝑟 𝑟 𝑟𝑟𝑟𝑟).

According to the values we recorded, the plasma levels
of vWF are considerably higher especially in the group of
diabetic patients (DM + IC, DM − IC). e higher plasma
levels are probably an expression of diabetes mellitus-related
endotheliopathy.

Regarding the von Willebrand Factor, currently no data
exists supporting the assumption that the high plasma levels
of the von Willebrand Factor represent a high risk factor for
cardiovascular disease. However, it has been proved that in
patients with angina pectoris this factor is predictive of later
cardiovascular events, and it is also present in high levels in
acute coronary syndromes [5]. Other researchers found high
plasmatic levels of the vWF in different pathological states
involving endothelial damage such as endothelial denudation
and subendothelial structure exposure (acute and chronic
renal failure, hypertension, diabetic nephropathy, and vas-
culitis) [6]. Persistent high values of this factor were also
found in patients with uncomplicated diabetes mellitus or
with diabetic nephropathy [7, 8].

In our study, the presence of direct correlation between
IL-1𝛽𝛽 and PAI-1 (𝑟𝑟 𝑟 𝑟𝑟𝑟𝑟) supports the idea according to
which the prothrombotic characteristics of the endothelium
are also expressed under the action of some in�ammation
mediators (IL-l, tumor factor necrosis-TNF, etc.); recent
evidence show that there is a close connection between
the in�ammatory processes and thrombosis, even when
the endothelium suffers no actual morphological injuries
[9]. Insulin stimulates PAI-1 synthesis in the hepatic cells
and in smaller proportion in the endothelial cells, whereas
endotoxins and IL-1, which have a proin�ammatory effect,
stimulate PAI-1 production in the endothelial cells but
has no effect on it in the hepatic cells. e expression of
proin�ammatory cytokines and other mediators, including
adhesion molecules, suggests that the in�ammatory process
may contribute to the vascular disease in diabetes mellitus.
According to recent evidence, TNF-𝛼𝛼 plasma concentration
is connected to the insulin resistance phenomenon, and it
may be decreased by diet and weight loss, whereas IL-6 and C
reactive protein (CRP) are known as having constantly high
levels in type 2 DM [10]. All these compounds may induce a
phenotype alteration of endothelial cells and/or monocytes
able to trigger tissue factor production increase, which is
the main procoagulant agent identi�ed in the atheromatous
plaque, to the further alteration of the coagulation and
�brinolysis mechanisms.

e indirect correlation between HDLc and PAI-1 (𝑟𝑟 𝑟
−𝑟𝑟5𝑟) supports the idea that in obese dyslipidemic patients
with hyperinsulinemia the increase of the PAI-1 level leads to
higher thrombogenic risk. It is well known that endothelial
cells regulate �brinolysis, as they synthesi�e and release both



Mediators of In�ammation 5

plasminogen activators (tisular plasminogen activator and
substances such as urokinase) and PAI-1.

Any quantitative or qualitative de�ciency of highly anti-
coagulantmoleculesmay be suspected in case of subjects with
high prothrombotic risk [11]. is was probably the reason
why protein C and protein S have been studied in DM. Yet,
most of the results that made public so far are contradictory
[12–14]. Some studies conducted on these factors revealed
lower levels, whereas others detected normal values.

e results of our study shows that the diabetic patients
were de�cient in these factors. e lowest values were
recorded in the group of diabetic patients with associated
ischemic cardiopathy (DM + IC) followed by the group of
diabetic patients with no cardiovascular diseases (DM − IC).
is difference may be accounted for by the glycosylation
phenomenon undergone by these proteins. e values of
protein C have been indirectly correlated with vWF (𝑟𝑟 𝑟
−0.70), highlighting the increased thrombotic risk in this
category of patients. In addition to its anticoagulant role,
the active PC also increases �brinolytic activity, both by
stimulating the tisular plasminogen activator release from the
endothelial cells and by neutralizing the PAI-1 activity. e
sum of these effects of PC turns the PC system into one of the
most important thrombosis protection mechanisms.

3.2. Groups DM − IC. In these groups of patients, we have
obtained results that are similar to those underlined in the
lot of the diabetic patients with cardiovascular pathology:
increased values for the vWF, IL-1𝛽𝛽, and PAI-1 and low
values for PC.

e following most important correlations are noticed
between the analyzed parameters.

(i) Females:

(a) indirect correlation between:
(1) PC and vWF (𝑟𝑟 𝑟 −0.70).

(ii) Males:

(a) indirect correlation between:
(1) PC and PAI-1 (𝑟𝑟 𝑟 −0.𝑟0).

In accordance with our study results, as far as the diabetic
population is concerned, the cardiovascular disorder risk is
higher for diabetic women than for diabetic men; unlike the
general population, where males are more frequently affected
by the cardiovascular disorders, the male gender being
even construed as a risk factor. e dyslipidemic syndrome
occurs as a risk factor for the macrovascular disease in the
case of diabetic women, especially those belonging to the
second age category, an aspect that may be connected to
the disappearance of hormonal protection, the occurrence of
obesity, and to the duration of the disease.

e mechanism linking elevated levels of von Willebrand
Factor FVIII to insulin resistance and type 2 diabetes may
be related to the presence of endothelial dysfunction and/or
in�ammation, both involved in the development of insulin
resistance [15, 16]. Endothelial cell incubation with high

concentrations of glucose led to the increase of the vWF
contents.erefore, the high level of vWF in diabetics re�ects
the effects of hyperglycemia on the endothelium and the fact
that there may be a platelet-vWF interaction, which would
explain the atherosclerosis acceleration in these patients.

Taking into account the fact that von Willebrand Factor
represents a marker of the endothelial injury and that the
functioning of the system of the protein C depends also
on the morphological and functional integrity of the vascu-
lar endothelium, the indirect correlation that we obtained
between these two parameters (𝑟𝑟 𝑟 −0.70) is by no means
surprising.

Even unexposed to injury factors, the morphofunc-
tionally intact endothelium synthesizes and releases the
von Willebrand factor and PAI-1, but, nevertheless, the
antithrombotic mechanisms prevail at the endothelial level.
However, when endothelium is injured, as, for instance,
under the action of certain endotoxins, by means superoxide
radicals released from leucocytes, or when they are stimu-
lated by proin�ammatory cytokines (IL-1, T�F), there is an
accelerated release of thromboplastin and of von Willebrand
Factor. Moreover, the endothelium reduces the �brinolytic
activity by the marked increase in the synthesis and release
of PAI-1.

e indirect correlation between PC and PAI-1 (𝑟𝑟 𝑟
−0.𝑟0) evidenced by our study shows an increased risk for
thrombotic events to this category of patients.

As for the group of diabetic patients without ischemic
cardiopathy (DM − IC), one may assume the existence of
a vascular involvement with subclinical symptoms, which is
also supported by the fact that endotheliopathy undoubtedly
precedes not only the occurrence of cardiovascular condi-
tions but also the very onset of diabetes mellitus. is is due
to the fact that the synthesis and release of glycoproteins
originating in the endothelium are stimulated by metabolic
anomalies [13].

3.3. Groups Non DM + IC. In these groups of patients, we
have recorded the most signi�cant alterations of the HDLc
and LDLc values. ey are an important cardiovascular risk
factor in both sexes.

e following most important correlations are noticed
between the analyzed parameters.

(i) Females:

(a) indirect correlations between:

(1) PAI-1 and HDLc (𝑟𝑟 𝑟 −0.𝑟𝑟).

(b) direct correlations between:

(1) vWF and PAI-1 (𝑟𝑟 𝑟 0.𝑟𝑟).

(ii) Males:

(a) no indirect correlations have been registered;
(b) direct correlations between:

(1) vWF and PAI-1 (𝑟𝑟 𝑟 0.7𝑟).
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e results obtained in this group of patients highlight a
direct correlation between vWF and PAI-1, a similar aspect
met in the groups of diabetic patients.

It has been proven that dyslipidemia is an independent
cardiovascular risk factor, and only one in four patients
requiring hypolipidemic therapy reaches the recommended
target values, in today’s worldwide medical practice [17].
Consequently, it is by screening, early diagnosis and intensive
dyslipidemia therapy in DMpatients that the risk of coronary
events may be reduced, that atherosclerotic injury progress
may be diminished or prevented, and that already existing
atherosclerotic injuries may possibly be recovered.

In many types of vascular-endothelial injuries, a drop in
the �brinolytic capacity of the endothelium was recorded,
either by plasminogen activator synthesis decrease or by an
increase in the amount of PAI-1 released aer the injury, an
idea con�rmed in our study by the direct correlation between
vWF and PAI-1, both in females and males.

Small and dense LDLc particles seem to be the marker of
a series of anomalies includingHDLc concentration decrease,
apoB concentration increase, insulin sensitivity decrease, and
procoagulant changes (PAI-1 increase).

e observations on the atherogenic lipoprotein pheno-
type and its association with different other proatherogenic
alterations have raised the hypothesis of speci�c genetic
interdependences between them. e oxidized LDLc has the
following effects: it inhibits the NO and the prostacyclin and
disturbs the basic vascular tonus; it stimulates the endothelial
cells to release a number of active biological factors (the
chemotactic protein for monocytes (MCP-1), the molecules
of endothelium-leucocytes adhesion (ELAM), and growth
factors; it modi�es the aggregability of thrombocytes; it may
activate the T leukocytes in the atherosclerosis lesion; it
may stimulate the proliferation of smooth muscular cells
by inducing the expression and the genetic codi�cation of
the growth factor derived from the thrombocyte (PDGF)
[18]. Arguments for considering the LDLc oxidized as an
essential factor in producing the early atheromatous lesions
are the presence in high quantity of the oxidized LDLc at
the atherosclerotic lesion site and the capacity of the vascular
wall cells (monocytes, macrophagous, endothelial cells, and
smooth vascular muscular cells) to produce reactive oxygen
species (O2

•−, H2O2) and to induce LDLc oxidation.
Researchers proved, in 1990, that the genetic locus

responsible for the occurrence of small and dense LDLc
is associated with high levels of TG, apoB, with VLDL
and IDL masses, and with HDLc and apoA1 decrease.
Moreover, genetic linkage studies showed that the LDLc
particle sizes as well as the HDLc and LDLc values present
positive correlations with an allele of the hepatic lipase
gene. e genetic mutations occurring in the locus of the
CTEP (cholesteryl ester transfer protein) on chromosome
16 may in�uence the LDLc sizes and TG values, due to
the role it plays in the reverse cholesterol transport. Per-
oxisome proliferator-activated receptors (PPAR𝛼𝛼) play an
important role in lipid metabolism. In the liver, PPAR𝛼𝛼
activation regulates the gene expression of apoAI, AII, and
CIII and of speci�c endoenzymes involved in 𝛽𝛽-oxidation of
fatty acids, whereas PPAR𝛼𝛼 activation in the macrophages

induces, through complex mechanisms, the expression of
the receptors that HDLc interact with during the reverse
cholesterol transport process. Recent data supports PPAR𝛼𝛼
involvement in in�ammatory response modulation in the
arterial endothelium [19].

However, in nondiabetic patients with ischemic cardiopa-
thy (IC), as the endothelial dysfunction is less severe or even
absent, the evolution of these parameters was positive aer
the delivery of the anticoagulant therapy.

To conclude, dyslipidemia [20] is a frequent condition of
diabetes and may contribute to the increase of the cardiovas-
cular risk in these patients.

4. Conclusions

e results of our study concerning the researches on lipid
metabolism, the proin�ammatory activity of plasma, and
coagulation parameters have shown that type 2 diabetes
mellitus registers a signi�cant frequency in cumulating the
main factors of vascular and atherosclerotic risk, the umoral
dyslipidemic syndrome (which is characterized by the LDLc
increase and HDLc decrease), and the increase in in�am-
matory markers (IL-1 beta), age, and duration of diabetes,
encouraging the increased risk for thrombotic events with
lethal potential (increase of vWF, PAI-1, decrease of PC).

ree mechanisms may link the in�ammation to the
emergence of the diabetes mellitus:

(1) the discovery in diabetic patients of the expression of
a new Tanis gene, the protein product of which links
seric amiloid A;

(2) the correlation between the in�ammatory process
and the level of insulinemia according to a trial on
rodents, where the administration of the salicylate led
to obesity prevention and insulin resistance [21];

(3) the most interesting mechanism, based on the obser-
vation that the adiponectin (a protein speci�c to the
adipose tissue which has strong anti-in�ammatory
properties) [16] is found in small concentrations in
obese persons, its concentration increasing as body
weight decreases.

Studies in the literature have shown that increased level
of in�ammatory markers is an independent predictive factor
of cardiovascular disease and also that their high plasma
levels are correlated with the risk of developing of these
clinicallymanifest diseases.e signi�cantly increased values
of interleukin-1-beta evidenced by our study in the groups of
diabetic patients require the inclusion of its determination,
as well as of other in�ammatory markers, in the battery of
tests aimed at the prophylaxis of thrombotic events. Beside
the inappropriate glycemic control, the insulinresistance, the
consecutive hyperinsulinism, an increased �ow of fat acids,
and proin�ammatory cytokines released from the visceral
adipose tissue, with direct access to the liver, could induce
the procoagulant modi�cations identi�ed in this study.
Hemostasis abnormalities revealed by our study include the
increased values of von Willebrand Factor and PAI-1 and
decreased levels of proteinC. Taking into account the fact that
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a signi�cant modi�cation of the plasmatic levels of protein C,
von Willebrand Factor and PAI-1 could be identi�ed at dia-
betic patients without clinically manifest cardiovascular dis-
eases, these modi�cations with prothrombotic potential have
been considered to precede the thrombotic complications,
having a predictive role for such complications. Considering
the signi�cant reduction in the plasmatic levels of the natural
coagulation inhibitors at diabetic patients, the synthesis of
these protease inhibitors is construed to be affected by the
metabolic abnormalities that characterize diabetes, while the
enzymatic glycosylation could reduce their anticoagulant
effect. In practice, although the assessment of the haemostatic
factors does not stand for a routine conduct yet, it would be
important for the clinician to know what factors should be
explored and to what extent the correction or treatment of
the other associated diseases can improve the haemostasis
disorders. e procoagulant modi�cations signaled in this
study sum with the de�cit of the �brinolytic activity and
with the hyperactivity of platelets, while the risk of diabetic
patients’ thrombotic complications must also be evaluated in
this context too. Concerning the atherothrombotic process,
there is a constant connection between the atherogenic
lipoproteins (especially oxidized LDLc and LP(a)) and the
vascular endothelium. is relation focuses especially on
the depressed �brinolysis phenomenon, hence, the balance
deviation between coagulation and �brinolysis in favor of
the former, and the occurrence of thrombotic accidents.
e large number of patients with type 2 diabetes mel-
litus and macrovascular disease requires the investigation
of carbohydrate metabolism in nondiabetic patients with
macrovascular disease in different locations, even if they had
initially normal blood sugar levels, as macrovascular disease
may occur even before the alterations of glucose values. All
these data support the hypothesis that nondiabetic glucose
levels are a continuous risk factor for cardiovascular disease.

Based on the above mentioned arguments, it may be
suggested that the abnormalities of the glycemic balance
“per se” may generate prothrombotic modi�cations of the
haemostatic balance. Type 2 diabetes mellitus and its chronic
complications, especially the macrovascular disease, take an
important place in the medical care system, reducing the
life quality of patients suffering from this medical disorder.
Only the reduced glycemia values are not enough in order to
reduce the rate of complications.e targets of the preventive
therapeutic interventions must refer to all the components of
the risk factors, including the measures needed to increase
the quality of a healthy life. Precocious prevention of the
diabetic macrovascular disease must be individualized for
each patient, and it must be achieved in parallel to the
precocious diagnosis of diabetes mellitus.
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Type 2 diabetes is associated with obesity, insulin resistance, and inflammation in adipose tissue. 12/15-Lipoxygenase (12/15-LO)
generates proinflammatory lipid mediators, which induce inflammation in adipose tissue. Therefore we investigated the role of
12/15-LO activity in mouse white adipose tissue in promoting obesity-induced local and systemic inflammatory consequences.
We generated a mouse model for fat-specific deletion of 12/15-LO, aP2-Cre; 12/15-LOloxP/loxP, which we call ad-12/15-LO mice,
and placed wild-type controls and ad-12/15-LO mice on a high-fat diet for 16 weeks and examined obesity-induced inflammation
and insulin resistance. High-fat diet-fed ad-12/15-LO exhibited improved fasting glucose levels and glucose metabolism, and
epididymal adipose tissue from these mice exhibited reduced inflammation and macrophage infiltration compared to wild-type
mice. Furthermore, fat-specific deletion of 12/15-LO led to decreased peripheral pancreatic islet inflammation with enlarged
pancreatic islets when mice were fed the high-fat diet compared to wild-type mice. These results suggest an interesting crosstalk
between 12/15-LO expression in adipose tissue and inflammation in pancreatic islets. Therefore, deletion of 12/15-LO in adipose
tissue can offer local and systemic protection from obesity-induced consequences, and blocking 12/15-LO activity in adipose tissue
may be a novel therapeutic target in the treatment of type 2 diabetes.

1. Introduction

Obesity is a rising worldwide epidemic affecting approx-
imately one-third of adults [1]. Obesity is characterized
by a persistent exposure to excess nutrients that leads to
visceral adiposity and hyperlipidemia, promoting chronic
inflammation, insulin resistance, and endoplasmic reticulum
stress [2, 3]. This promotes the development of adipocyte
dysfunction and systemic decline, including damage to
the pancreas, liver, and vascular tissue. Therefore obesity
predisposes individuals to the development of type 2 diabetes
and cardiovascular disease.

Increasing evidence from our lab suggests that the 12/
15-lipoxygenase (12/15-LO) enzyme plays a critical role
in promoting adipocyte dysfunction. 12/15-LO oxygenates
polyunsaturated fatty acids to generate many proinflamma-
tory lipid mediators (reviewed in [4]). 12/15-LO is largely

involved in metabolizing arachidonic acid to form 12-
hydroperoxyeicosatetraenoic acid (12-HPETE) and linoleic
acid to form 13-hydroperoxyoctadecadienoic acid (13-
HPODE), which are further oxidized to 12-hydroxyeicos-
atetraenoic acid (12(S)-HETE) and 13-hydroxyoctadecadi-
enoic acid (13-HODE), respectively. Our laboratory has
demonstrated that 12/15-LO is activated in white adipocytes
from mice fed a high-fat diet and from insulin-resistant
Zucker obese rats in vivo and is also highly expressed in
visceral fat of obese human patients [5–7]. Furthermore,
addition of 12/15-LO products to 3T3-L1 adipocytes in vitro
induces inflammation, insulin resistance, and endoplasmic
reticulum stress [5, 6, 8]. Finally, global deletion of 12/15-
LO in C57BL/6 mice reduces inflammation and endoplasmic
reticulum stress in adipose tissue and preserves insulin
sensitivity and pancreatic β-cell function when fed a high-fat
diet [8–10].
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Given that inflammation of adipose tissue is thought to
be a preceding step to peripheral metabolic dysfunction [11]
and 12/15-LO activity increases inflammation in adipose
tissue, we sought to determine whether specific deletion
of 12/15-LO in mouse white adipose tissue could protect
mice from the local and systemic consequences of a high-fat
diet. To this end, we crossed 12/15-LOloxP/loxP mice to mice
harboring the Cre transgene driven by the adipocyte-specific
aP2 promoter (aP2-Cre) to generate adipose tissue-specific
deletion of 12/15-LO. The adipocyte lipid-binding protein
(aP2) is thought to function by facilitating intracellular
trafficking of lipids [12]. In addition to adipocytes, aP2 is
expressed in macrophages and dendritic cells; however, it is
expressed in adipocytes approximately 10,000-fold greater
[12]. Furthermore, the use of aP2-Cre mice reveals no
recombination of loxP targets in macrophages [13]. Wild
type and ad-12/15-LO mice were fed a 60% high-fat diet for
16 weeks, and adipose tissue and systemic organ health were
assessed. Our results suggest that a high-fat diet activates
12/15-LO in adipose tissue to promote local and systemic
inflammation and that deletion of 12/15-LO in adipose
tissue can offer systemic protection from the inflammatory
consequences of a high-fat diet.

2. Materials and Methods

2.1. Animals and Treatments. 12/15-LOloxP/+ and aP2-Cre;
12/15-LOloxP/+ mice were generated by Ozgene (Bentley
DC, WA, Australia) on a C57BL/6J background. Male
C57BL/6J mice were purchased from Jackson Laboratory
(Bar Harbor, ME, USA). Mice were housed in a pathogen-
free facility at Eastern Virginia Medical School (EVMS),
and all experiments were performed in accordance with an
animal study protocol approved by the EVMS Institutional
Animal Care and Use Committee. Mice were bred to
generate homozygous 12/15-LOloxP/loxP and aP2-Cre; 12/15-
LOloxP/loxP mice. Male mice were placed on a normal chow
or high-fat diet (D12331- consisting of 58% of calories from
fat, 16.4% of calories from protein, and 25.5% of calories
from carbohydrate, primarily sucrose; Research Diets, New
Brunswick, NJ, USA) beginning at 8 weeks of age to 16 weeks
(n = 3 mice per chow diet group and 5-6 mice per high-fat
diet group). Blood glucose was measured using OneTouch
Ultra2 Glucose Monitors (LifeScan, Milpitas, CA, USA) from
tail vein blood samples. Body weight was measured by
placing the mice on a scale using the same scale for each set of
measurements. At the end of the 16-week diet regimen, mice
were euthanized by CO2 asphyxiation.

2.2. Glucose Tolerance Test (GTT) and Insulin Tolerance Test
(ITT). GTT and ITT were performed as described in [9].
For GTT, mice were fasted overnight and then injected
intraperitoneally (IP) with glucose (2 g/kg) in the morning.
Blood glucose measurements were performed on tail vein
blood samples taken at baseline and at 10, 30, 60, 90, and 120
minutes after injection. The ITT was performed in random-
fed mice by IP injection of insulin (0.75 U/kg) in 0.9%
NaCl in the afternoon. Blood glucose measurements were

performed on tail vein blood samples taken at baseline and
at 15, 30, 45, and 60 minutes after injection.

2.3. Serum Measurements. Random-fed mice after the 16-
week feeding regimen were euthanized, and blood samples
were obtained by cardiac puncture and centrifuged to isolate
serum. Insulin and high-molecular-weight adiponectin were
measured in serum by ELISA (Mercodia, Uppsala, Sweden
and ALPCO Diagnostics, Salem, NH, USA, resp.).

2.4. Adipocyte and Islet Morphometric and Immunohistochem-
ical Analysis. Epididymal adipose and pancreata tissues were
isolated and fixed with 10% formalin or Z-fix (Anatech
LTD., Battle Creek, MI, USA), respectively, for 4–6 hours
at room temperature and embedded in paraffin. 7 μm thick
paraffin-embedded tissue sections were then deparaffinized
and rehydrated in graduated alcohol in distilled water for
processing.

For morphometric analysis of epididymal adipose tissue,
sections were counterstained with hematoxylin and eosin
and six representative images per section were collected.
Adipocyte area was quantified using ImageJ (NIH website:
http://rsb.info.nih.gov/ij/download.html). For immunohis-
tochemical analysis of epididymal fat tissue, sections were
subjected to antigen retrieval and stained for Mac2 (Cedar-
lane, Burlington, NC, USA). Detection was performed with
the avidin-biotin-peroxidase method and developed with a
diaminobenzidine substrate kit (Vector Laboratories, Inc.,
Burlingame, CA, USA).

For morphometric and immunohistochemical analysis of
pancreata tissue, sections were stained for insulin (Abcam,
Cambridge, MA, USA) and then with Cy-3-conjugated
goat anti-guinea pig (Jackson Immunoresearch Laboratories,
West Grove, PA, USA) antibodies. Images of all insulin-
stained islets from each section (four sections per mouse)
were acquired and measured for islet area, percentage of islet
area to pancreas area, and percentage of insulin-secreting β-
cell area per islet area. Islet area and insulin staining were
quantified using AxioVision Rel. 4.7 (Carl Zeiss, Oberko-
chen, Germany).

Two-dimensional images were acquired using a Zeiss
Plan-Apochromat 10X, 0.45 numerical aperture dry objec-
tive lens or a 20X, 0.8 numerical aperture dry objective lens
on a Zeiss Axio Observer.Z1 microscope with AxioVision Rel.
4.7 software, and a Zeiss AxioCamMRm (fluorescence) or
AxioCamHRc (color) camera (Carl Zeiss). All final images
were prepared with Adobe Photoshop CS3 Extended, version
10.0.1.

2.5. Isolation of White Epididymal Adipocytes and Stro-
mal Vascular Cells (SVCs). Isolation of white epididymal
adipocytes was based on a protocol previously described
[14]. Epididymal fat pads were removed from euthanized
mice and minced into fine pieces in Krebs Ringer Hepes-BSA
(KRHB) buffer (3 mmol/L glucose, 20 nmol/L adenosine,
and 10 mg/mL bovine serum) with 1 mg/mL collagenase.
Collagenase digestion was performed at 37◦C for 1 hour
in a shaking water bath. Once digestion of adipose tissue
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Table 1: Primer sequences used in SYBR-based real-time RT-PCR amplification of mouse cDNA.

Mouse genes Forward primer (5′–3′) Reverse primer (5′–3′)

12/15-LO ctctcaaggcctgttcagga gtccattgtccccagaacct

Actin aggtcatcactattggcaacga cacttcatgatggaattgaatgtagtt

Adiponectin gttgcaagctctcctgttcc atccaacctgcacaagttcc

CD11c ctgagagcccagacgaagaca tgagctgcccacgataagag

Collagen 6 alpha 1 gatgagggtgaagtgggaga cagcacgaagaggatgtcaa

F4/80 ctttggctatgggcttccagtc gcaaggaggacagagtttatcgtg

IL-6 gaggataccactcccaacagacc aagtgcatcatcgttgttcataca

MCP-1 cttctgggcctgctgttca ccagcctactcattgggatca

Twist-1 cgcacgcagtcgctgaacg gacgcggacatggaccagg

was complete, the cell suspension was filtered through a
0.4 mm Nitex nylon mesh (Sefar America Inc., Kansas City,
MO, USA) and washed several times in KRHB buffer, and
the adipocytes were allowed to float and processed for RNA
or protein extraction. SVCs were then pelleted from the
infranatant and processed for RNA extraction.

2.6. Islet Isolation. Mouse pancreatic islets were isolated
following euthanization as described previously [9, 15].
Briefly, the pancreas was perfused through the common
bile duct with 5 mL of 1.4 mg/mL collagenase P and then
removed and incubated at 37◦C for 8–11 minutes in 1 mL
Hank’s buffered salt solution. Following incubation, pan-
creatic tissue was centrifuged, resuspended in Histopaque
1077 (Sigma-Aldrich, St. Louis, MO, USA), and centrifuged
again to separate islets from acinar tissue. Islets were then
processed for RNA extraction.

2.7. RNA Extraction and Real-Time RT-PCR. RNA from
adipose tissue or isolated adipocytes was prepared using
the RiboPure kit (Ambion, Austin, TX, USA), and RNA
from SVCs and islets was prepared using the RNeasy kit
(Qiagen, Valencia, CA, USA), according to manufacturer’s
instructions. cDNA was made from 5 μg of total RNA
using MMLV reverse transcriptase (Invitrogen, Carlsbad,
CA) in 20 μL reaction volume using random hexamers
(Invitrogen). Primer oligonucleotides (see Table 1) with
SYBR Green I (Molecular Probes, Carlsbad, CA, USA)
or Taqman probes (actin, IL-12p40, TNFα, IFNγ, IL-1β,
CX3CL1, IL-10, PPARγ, Adfp, Fasn, DGAT1, and DGAT2;
Applied Biosystems, Carlsbad, CA, USA) were used for PCR.
All thermal cycling was performed using the CFX96 Thermal
Cycler (Bio-Rad, Hercules, CA, USA). All reactions were
performed in triplicate, and the data was normalized to the
actin housekeeping gene and evaluated using the 2−ΔΔCT

method. Expression levels are presented as fold induction/
downregulation of transcripts of respective genes relative to
control.

2.8. Protein Extraction and Western Blot Analysis. Adipocytes
were harvested in RIPA buffer containing protease and
phosphatase inhibitors, and equal quantities of protein were
separated by SDS-PAGE, transferred to PVDF membrane,
and probed at 4◦C overnight in either collagen 6 (Abcam)

or cleaved caspase-3 (Cell Signaling, Danvers, MA, USA)
primary antibody. Detection was performed with secondary
HRP-conjugated antibodies and ECL plus (GE Health-
care, Piscataway, NJ, USA) according to manufacturer’s
instructions. Western blot quantitation was performed by
measuring protein band intensities using ImageJ. Protein
expression levels were normalized to actin and presented as
fold induction/downregulation of band intensities relative to
control. All samples represented in the figures and quantified
were run on the same gel.

2.9. Statistical Analysis. Data are presented as the means
± SEM. Student’s t-test was used to establish statistically
significant differences between samples. A P value of <0.05
was considered to indicate statistically significant differences.

3. Results

3.1. Generation of Adipose Tissue-Specific Deletion of 12/15-
Lipoxygenase. A conditional knockout allele for the mouse
12/15-lipoxygenase gene, ALOX15, was generated by Ozgene
and contains loxP sites flanking exons 2–5 (Figure 1(a)). In
addition, this allele also contains a neo cassette selection
marker that is flanked by FRT sites within intron 5.
Heterozygous 12/15-LO(neo)loxP/+ mice on a C57BL/6J back-
ground were generated and subsequently crossed to a Flp-
deleter mouse line on a C57BL/6J background to facilitate
Flp recombinase-mediated removal of the neo cassette. In
addition, Ozgene crossed 12/15-LOloxpP/+ mice to an aP2-
Cre mouse line to generate aP2-Cre; 12/15-LOloxP/+. We have
since bred 12/15-LOloxpP/+ and aP2-Cre; 12/15-LOloxP/+ mice
to homozygosity for the 12/15-LOloxP allele. aP2-Cre; 12/15-
LOloxP/loxP mice will be called ad-12/15-LO mice throughout
the paper.

To ensure specific deletion of 12/15-lipoxygenase (12/
15-LO) from white adipocytes, we isolated epididymal
adipocytes from 24-week-old male wild type 12/15-
LOloxP/loxP and ad-12/15-LO mice and measured 12/15-LO
mRNA expression. 12/15-LO mRNA expression was signifi-
cantly reduced by approximately 70% in isolated epididymal
adipocytes from ad-12/15-LO adipocytes compared to wild
type adipocytes (Figure 1(b)). This reduction in 12/15-LO
mRNA expression in adipocytes remained significantly low
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Figure 1: The generation of a targeted conditional knockout allele for the mouse 12/15-lipoxygenase gene, ALOX15. (a) The targeted ALOX15
locus contains loxP sites that flank exons 2 and 5 and a neomycin (neo) cassette selection marker flanked by FRT sites inserted in intron 5.
The neo cassette is driven by the mouse phosphoglucokinase gene (PGK) promoter and contains a polyadenylation (pA) signal to terminate
the neomycin expression. Exons are depicted as blackened boxes, loxP sites as white triangles, and FRT sites as striped triangles. (b) 12/15-LO
mRNA expression was measured in isolated epididymal adipocytes by RT-PCR. All data was normalized to total actin, and the fold changes
in expression were calculated relative to control. All data represent the means ± SEM; n = 3–6. ∗P < 0.05 and †P < 0.02 versus control.
Chow: chow diet; HFD: high-fat diet; wt: wild type 12/15-LOloxP/loxP . All measurements are performed on 24-week-old mice.

(by approximately 80%) even when age-matched mice were
on the high-fat diet for 16 weeks (Figure 1(b)).

3.2. ad-12/15-LO Mice Exhibit Improved Glucose Metabolism
When on a High-Fat Diet. 8-week-old male wild type
12/15-LOloxP/loxP control mice (n = 5) and ad-12/15-LO
mice (n = 6) were placed on a high-fat diet for 16
weeks, along with 8-week-old male chow-fed wild type
12/15-LOloxP/loxP control mice (n = 3), to determine the
role of 12/15-LO in adipose tissue in promoting whole-
body metabolic dysfunction. At the end of the 16-week
feeding regimen, while the high-fat diet-fed groups exhibited

significant weight gain compared to chow-fed wild type, no
differences in body weight were seen in the high-fat diet-fed
wild type and ad-12/15-LO mice (Figure 2(a)). Additionally,
fasting blood glucose levels after 15-weeks of feeding were
significantly reduced in high-fat diet-fed ad-12/15-LO mice
compared to high-fat diet-fed wild type mice and remain
unchanged from chow-fed wild type; nonfasting insulin
levels after 16-weeks of feeding were also reduced in high-
fat diet-fed ad-12/15-LO mice compared to high-fat diet-
fed wild type mice (Figure 2(a)). Furthermore, measurement
of nonfasting insulin : glucose ratio provides a reading of
insulin sensitivity; indeed, this ratio is increased in high-
fat diet-fed wild type mice compared to chow-fed wild type
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Figure 2: Fat-specific 12/15-LO-deficient mice exhibit improved glucose metabolism when fed a high-fat diet. (a) Body weight, nonfasted
serum insulin, and nonfasted serum insulin/nonfasted blood glucose ratio were measured at the end of the 16-week feeding regimen. Fasted
blood glucose was measured in overnight fasted mice at 15 weeks of the feeding regimen. Serum insulin levels were measured by ELISA and
tail vein blood glucose by glucometers. (b)-(c) Intraperitoneal glucose tolerance test (GTT) and insulin tolerance test (ITT) were performed
in mice after 15 weeks of feeding, and blood glucose measurements were measured at the indicated time points. Areas under the curves
(AUC) are presented for GTT and ITT. All data represent the means ± SEM; n = 3–6. ∗P < 0.05, †P < 0.02, ‡P < 0.001 versus control, unless
otherwise indicated. Chow: chow diet; HFD: high-fat diet; wt: wild type 12/15-LOloxP/loxP .



6 Mediators of Inflammation

mice, and this increase is ameliorated in the high-fat diet-
fed ad-12/15-LO mice (Figure 2(a)). Finally, high-fat diet-
fed ad-12/15-LO mice exhibited improvements in glucose
metabolism compared to high-fat diet-fed wild type mice,
as measured by intraperitoneal glucose and insulin tolerance
tests (Figures 2(b) and 2(c)).

3.3. Adipose Tissue of ad-12/15-LO Mice on a High-Fat Diet
Is Less Inflamed. To examine local effects of 12/15-LO
deficiency in adipose tissue when mice are on a high-fat diet,
we performed morphometric analysis of epididymal adipose
tissue from these mice. Mice on a high-fat diet exhibit
enlarged fat pads and adipocytes due to increased triglyceride
storage of excess fatty acids [2]. While no significant
differences were observed between epididymal adipose tissue
weight and adipocyte size in wild type and ad-12/15-LO mice
on a high-fat diet, there may be a trend for enlargement of
adipocyte size in the ad-12/15-LO mice fed a high-fat diet
(Figure 3(a)).

Furthermore, we measured mRNA expression of several
key proinflammatory genes in epididymal adipose tissue
from the chow- and high-fat diet-fed wild type and ad-
12/15-LO mice. Chronic inflammation of adipose tissue is
accompanied with increased production of cytokines, such as
tumor necrosis factor-α (TNFα) [2]. Indeed, TNFα mRNA
expression was significantly upregulated in adipose tissue
by the high-fat diet in wild type mice; however, fat-specific
12/15-LO deficiency significantly prevented this upregu-
lation (Figure 3(b)). CX3CL1 (or fractalkine), a cytokine
derived from the endothelium that promotes atherogenesis,
has recently been shown to also be increased in adipose
tissue of obese patients and is associated with inflammation,
insulin resistance, and type 2 diabetes in these patients
[16, 17]. Interestingly, fat-specific 12/15-LO deficiency was
also able to significantly prevent the high-fat diet-induced
increase in CX3CL1 mRNA expression (Figure 3(b)). 12/15-
LO exerts proinflammatory responses in part by upregulating
the expression of interleukin-12 (IL-12) in activated inflam-
matory cells [5, 6, 18–20]. Indeed, a trend for decreased
IL-12p40 mRNA expression was observed in the ad-12/15-
LO mice fed a high-fat diet compared to wild type mice.
The anti-inflammatory cytokine interleukin-10 (IL-10) [21]
and Twist-1, a basic helix-loop-helix transcription factor
whose expression in human white adipose tissue is inversely
correlated with inflammation and insulin resistance [22],
are also increased in high-fat diet-fed ad-12/15-LO mice
compared to wild type mice (Figure 3(b)). Other proinflam-
matory cytokines measured revealed no differences between
the wild type and ad-12/15-LO mice on a high-fat diet
(interferon-γ (IFNγ), monocyte chemoattractant protein-1
(MCP-1), interleukin-1β (IL-1β), and interleukin-6 (IL-6);
Figure 3(b)).

Adiponectin is an adipose tissue-specific secreted adipok-
ine that is a critical insulin-sensitizer and is downregulated by
high-fat diets [23]. Indeed, fat-specific 12/15-LO deficiency
ameliorates the significant decrease in adiponectin mRNA
expression as seen in isolated epididymal adipocytes from
wild type mice on a high-fat diet (Figure 3(c)); a similar

effect is observed in serum levels of the active high-
molecular-weight form of adiponectin protein (Figure 3(c))
[23].

Furthermore, given the trend for increased adipocyte size
in the ad-12/15-LO mice fed a high-fat diet, we examined col-
lagen 6 (Col6). Col 6 is associated with increased fibrosis of
inflamed adipose tissue [24]. While Col6 mRNA expression
significantly increased in adipose tissue from wild type mice
when fed a high-fat diet, fat-specific 12/15-LO deficiency
is able to ameliorate this increase (Figure 3(b)); a similar
trend was observed for Col6 protein in isolated adipocytes
(Figure 3(d)).

3.4. Adipose Tissue of ad-12/15-LO Mice on a High-Fat Diet
Exhibits Decreased Macrophage Infiltration. To further probe
the inflammatory consequences in adipose tissue of fat-
specific 12/15-LO deletion when mice are on a high-fat diet,
we examined macrophage infiltration into the epididymal fat
pad as this is associated with visceral adiposity [25]. Analysis
of markers for activated macrophages, F4/80 and CD11c,
in isolated macrophage-containing stromal vascular cells of
the epididymal adipose fat pad revealed that fat-specific
12/15-LO deletion was able to prevent the increase in F4/80
and CD11c expression seen in wild type mice fed a high-
fat diet (Figure 4(a)). Furthermore, immunohistochemical
staining of epididymal adipose tissue for the activated
macrophage marker, Mac2, revealed that a high-fat diet
significantly increased Mac2 staining in wild type mice but
not in ad-12/15-LO mice (Figure 4(b)). Finally, a decrease
in cleaved caspase-3 protein in isolated adipocytes from
high-fat diet-fed ad-12/15-LO mice compared to wild type
suggests a decrease in apoptotic adipocytes (Figure 4(c)).
Thus it appears that fat-specific 12/15-LO deficiency is
able to reduce the local inflammatory consequences in fat
normally rendered by a high-fat diet, resulting in decreased
macrophage infiltration.

3.5. Adipose Tissue of ad-12/15-LO Mice on a High-Fat Diet
May Be More Adipogenic and Lipogenic. We further exam-
ined expression of genes important in adipocyte differentia-
tion and health. Peroxisome proliferator-activated receptor-γ
(PPARγ) is a strict requirement for adipocyte differentiation,
and formation of new adipocytes generally is thought to
indicate the prevalence of healthy adipocytes [26]. Indeed,
PPARγ mRNA expression is decreased by a high-fat diet in
wild type mice; however, fat-specific 12/15-LO deficiency is
able to ameliorate PPARγ decrease when mice are fed a high-
fat diet (Figure 4(d)). Additionally, we examined adipose
differentiation related protein (Adfp), fatty acid synthase
(Fasn), and acyl CoA: diacylglycerol acyltransferases 1 and
2 (DGAT1 and 2) expression. Adfp is a perilipin that plays
a role in lipid droplet formation, and stabilization and its
expression are associated with increased lipid load, while
Fasn is important for the synthesis of long-chain fatty acids
[27, 28]. Furthermore, DGAT1 and 2 are important for
triglyceride synthesis [29]. Consistent with the observed
trend that fat-specific 12/15-LO deficiency may promote
larger adipocytes in mice fed a high-fat diet, we observe that
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Figure 3: Fat-specific 12/15-LO-deficient mice exhibit decreased inflammation in adipose tissue following a high-fat diet regimen. (a)
Epididymal adipose tissue weight and adipocyte size were measured in mice after the 16-week feeding regimen. Hematoxylin and eosin
stained sections of epididymal adipose tissue are shown. Scale bar = 50 μM. (b) mRNA measurements of key proinflammatory and anti-
inflammatory genes were examined by RT-PCR in epididymal adipose tissue from mice. (c) Adiponectin mRNA and high-molecular-weight
(HMW) adiponectin protein were measured in isolated epididymal adipocytes and serum by RT-PCR and ELISA, respectively. (d) Protein
measurement of collagen 6 (Col6) was performed from isolated epididymal adipocytes and quantified. Representative western blots are
shown, and separate panels for each antibody represent the same exposure from the same gel. All mRNA and protein data were normalized
to total actin, and the fold changes in expression were calculated relative to control. All data represent the means ± SEM; n = 3–6. ∗P < 0.05,
†P < 0.02, ‡P < 0.001 versus control, unless otherwise indicated. Chow: chow diet; HFD: high-fat diet; wt: wild type 12/15-LOloxP/loxP .
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Figure 4: Adipose tissue from fat-specific 12/15-LO-deficient mice exhibits decreased macrophage infiltration and may be more adipogenic
and lipogenic. (a) mRNA expression of key macrophage markers was measured by RT-PCR in stromal vascular cells (SVCs) isolated from
epididymal adipose tissue. (b) Immunohistochemistry for Mac2 expression was performed in epididymal adipose tissue, and Mac2 staining
was quantified. Scale bar = 50 μM. (c) Protein measurements of cleaved caspase-3 were performed from isolated epididymal adipocytes and
quantified. Representative western blots are shown, and separate panels for each antibody represent the same exposure from the same gel. (d)
mRNA measurements of key adipogenic and lipogenic genes were examined by RT-PCR in epididymal adipose tissue from mice. All mRNA
and protein data were normalized to total actin, and the fold changes in expression were calculated relative to control. All data represent the
means ± SEM; n = 3–6. ∗P < 0.05, †P < 0.02, ‡P < 0.001 versus control, unless otherwise indicated. Chow: chow diet; HFD: high-fat diet;
wt: wild type 12/15-LOloxP/loxP .



Mediators of Inflammation 9

Adfp and Fasn mRNA expression is higher in the ad-12/15-
LO mice compared to wild type mice when fed a high-fat
diet (Figure 4(d)). Also, while DGAT1 mRNA expression is
significantly decreased when wild type mice are fed a high-
fat diet, its expression remains unchanged in the high-fat
diet-fed ad-12/15-LO mice, and DGAT2 mRNA expression
is significantly increased in the high-fat diet-fed ad-12/15-LO
but not wild type mice (Figure 4(d)).

3.6. 12/15-LO Deficiency in Fat Alters Serum Lipid Levels.
Given the reduced inflammation in adipose tissue in the
context of fat-specific 12/15-LO deficiency when mice are
fed a high-fat diet, we examined serum levels of lipids that
can be highly affected by adipocyte health. In particular,
total cholesterol and nonesterified free fatty acids were
similarly significantly increased in both wild type and ad-
12/15-LO mice fed a high-fat diet; however, large changes in
triglycerides were not observed (data not shown).

3.7. 12/15-LO Deficiency in Fat Restores β-Cell Function.
Inflammation in adipose tissue is thought to precede the
development of inflammation elsewhere and is thus an early
indicator for disease development in peripheral tissues [11,
30]. Given that pancreatic β-cells are an early key target tissue
in obesity-induced type 2 diabetes, we evaluated whether the
beneficial effects of fat-specific 12/15-LO deficiency are man-
ifested in the pancreatic islets. C57BL/6 mice fed a high-fat
diet are known to undergo islet hyperplasia as a mechanism
to meet increased demands for insulin production given the
rise in insulin resistance. Interestingly, while high-fat diet-
fed wild type mice exhibit a trend for larger pancreatic islets
compared to chow-fed wild type mice, the high-fat diet-fed
ad-12/15-LO mice display even larger islets (Figure 5(a)); a
similar trend is observed for total islet area per pancreas
area (Figure 5(a)). In addition, the percentage of insulin-
stained β-cells per islet slightly increases in the high-fat
diet-fed wild type mice compared to chow-fed wild type
mice, and this is further augmented in the high-fat diet-fed
ad-12/15-LO mice (Figure 5(a)). In a separate study where
wild type C57BL/6J and ad-12/15-LO mice were fed a high-
fat diet for 16 weeks, islet gene expression was measured
for proinflammatory cytokines. 12/15-LO and IL-6 mRNA
expression was significantly reduced, and IL-12p40 and INFγ
mRNA expression was reduced in islets from ad-12/15-
LO mice compared to wild type mice fed a high-fat diet
(Figure 5(b)). Islets from chow-fed wild type and ad-12/15-
LO age-matched control mice were analyzed for 12/15-LO
mRNA expression, and no differences were observed (data
not shown), suggesting the aP2-Cre transgene is specific to
fat and the exhibited changes in 12/15-LO mRNA expression
in islets from mice on a high-fat diet were a consequence of
inflammation. Thus, it appears that deletion of 12/15-LO in
adipose tissue is able to confer protection to β-cell function.

4. Discussion

Obesity is marked by an increased demand for intracellular
lipid storage of excess circulating free fatty acids, leading

to adipocyte stress and ensuing chronic inflammation and
macrophage infiltration [2]. Production of proinflammatory
cytokines by adipose tissue further leads to local and sys-
temic insulin resistance. The 12/15-lipoxygenase (12/15-LO)
enzyme generates proinflammatory lipids, such as 12(S)-
HETE, which promote local dysfunction in various tissues
such as adipose, pancreatic, and vascular tissues (reviewed in
[4]). We show here that local chronic activation of 12/15-LO
in adipose tissue by a high-fat diet is sufficient to drive local
adipocyte dysfunction with ensuing systemic decline.

Inflammation in adipose tissue induced by a high-fat
diet is characterized by increased expression of proinflam-
matory cytokines, such as TNFα. TNFα decreases insulin
sensitivity, exacerbates inflammation, and inhibits adipoge-
nesis [2]. TNFα is generated predominantly by infiltrating
macrophages and promotes increased lipolysis [2, 25]. These
in effect lead to increased circulating free fatty acids that
promote ectopic lipid accumulation and insulin resistance.
Indeed, we observed that ad-12/15-LO mice fed a high-
fat diet did not demonstrate increased TNFα expression,
consistent with improved insulin sensitivity and overall
decreased inflammation. Interestingly, low expression of
Twist-1 in human adipose tissue is correlated with high levels
of TNFα expression, consistent with our results, and Twist-
1 expression in Th1 lymphocytes limits TNFα expression
[22, 31]. Furthermore, IL-10 overexpression in mice is able
to prevent diet-induced insulin resistance [32], and indeed
we see increased IL-10 expression in the ad-12/15-LO mice
fed a high-fat diet with concomitant improvements in insulin
sensitivity. Thus the absence of chronic 12/15-LO activation
in adipose tissue in obese conditions is able to prevent the
phenotypic proinflammatory state induced by a high-fat diet.

The complex inflammatory cascade and cell death
elicited in adipose tissue by obesity are responsible for the
characteristic feature of macrophage infiltration into the fat
pad [33]. MCP-1 is thought to be one of the key adipokines
in this process. We observed that macrophage infiltration
into the epididymal fat pad of high-fat diet-fed ad-12/15-LO
mice is significantly reduced compared to the wild type mice
in agreement with the decreased TNFα expression (likely
secreted by the macrophages); however, while MCP-1 mRNA
expression was high in the high-fat diet-fed groups, no differ-
ence was observed between the groups. This may suggest that
another key chemoattractant player is important for eliciting
macrophage infiltration given the absence of macrophages
in the high MCP-1-expressing ad-12/15-LO fat, a possibility
supported by the observation that MCP-1 knockout mice
still exhibit obesity-induced macrophage infiltration into
adipose tissue [34]. This additional chemoattractant would
be dependent upon chronic 12/15-LO activation whereby
specific lipid metabolites, such as 12(S)-HETE, may be
responsible for eliciting the inflammatory cascade and sub-
sequent macrophage infiltration. Alternatively, the decreased
macrophage infiltration could be explained by the role of
12/15-LO to induce endothelial expression of intercellular
adhesion molecule-1 (ICAM-1) [35]. ICAM-1 mediates
monocyte adhesion to the vascular wall endothelium and
is required for transendothelial migration of monocytes
into the surrounding tissue. Therefore, the absence of
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Figure 5: Fat-specific 12/15-LO-deficient mice exhibit improvements in pancreatic islet health. (a) Immunohistochemistry for insulin
expression on pancreatic sections from mice after the 16-week feeding regimen was analyzed for average islet area, average islet area per
pancreas area, and average insulin staining per islet; n = 3–5; Chow: chow diet; HFD: high-fat diet; wt: wild type 12/15-LOloxP/loxP . (b) mRNA
measurements of key proinflammatory genes were examined by RT-PCR in isolated pancreatic islets from mice after the 16-week feeding
regimen; n = 6–8; HFD: high-fat diet; wt: wild type C57BL/6J. All mRNA data were normalized to total actin, and the fold changes in
expression were calculated relative to control. All data represent the means ± SEM. ∗P < 0.05 and †P < 0.02 versus control, unless otherwise
indicated.

12/15-LO may simply lead to impaired transendothelial
migration and subsequent decreased macrophage infiltration
into the adipose tissue. Furthermore, normal recruitment of
macrophages to the fat pad occurs when adipocytes undergo

lipolysis or cell death and macrophages are activated to
uptake the free fatty acids or engulf apoptotic cells to protect
local adipocyte and distal tissue health [36, 37]. However,
chronic activation of these macrophages in the obese state
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promotes a phenotypic proinflammatory switch in the ma-
crophages that is detrimental to local adipocyte health and
metabolism [36, 37]. Thus in the ad-12/15-LO mice fed
a high-fat diet, less macrophages may be present due to
decreased lipolysis and cell death.

Additionally, de novo adipogenesis and lipogenesis
accompanied by decreased lipolysis are important for insulin
sensitivity and longevity as this process promotes the
development of healthy, active adipocytes and removes the
excess circulating fatty acids to prevent ectopic lipid ac-
cumulation and ensue inflammation and insulin resistance
in nonadipose tissue [28]. On the contrary, TNFα inhibits
adipogenesis and lipogenesis in part through downregulating
expression of PPARγ and its lipid droplet protein targets,
respectively [2, 25]. Our data suggest that adipocytes from
ad-12/15-LO mice versus wild type mice fed a high-fat diet
may display increased adipogenic and lipogenic potential
given the increased expression of PPARγ, Adfp, Fasn,
DGAT1, and DGAT2 with a trend for decreased circulating
free fatty acids in the serum. This is of importance given
the evidence describing a positive correlation between high
lipid-droplet protein expression and insulin sensitivity in
patient fat samples [38] and studies demonstrating that
mice overexpressing DGAT1 in adipocytes and macrophages
were protected from diet-induced inflammation and insulin
resistance [39]. While not significant, it is possible that
there is a tendency for ad-12/15-LO adipocytes to become
larger compared to wild type adipocytes after a high-fat
feeding. This may suggest a greater tendency for these
adipocytes to increase their lipid load, in agreement with the
increased expression of lipogenic genes. Interestingly, Col6
is a component of extracellular matrix and Col6-deficient
ob/ob mice display larger but healthier adipocytes since they
can expand in size in response to increased lipid loading
without being subjected to shear stress. Indeed, ad-12/15-LO
adipocytes seem to exhibit lower levels of Col6. Furthermore,
while white adipose tissue mass is greater in the high-fat diet-
fed ad-12/15-LO mice compared to the high-fat diet-fed wild
type mice, no changes in overall body weight were observed.
This may suggest differences in lean versus fat mass and
warrants further investigation to determine the role of 12/15-
LO in partitioning of lipids in adipose tissue. Finally, while
analysis of fatty acid and triglyceride serum levels was not
different between the high-fat diet-fed ad-12/15-LO and wild
type nonfasted mice, analysis of serum from fasted mice will
likely reveal a greater difference than seen in this study and
thereby further decipher the role of 12/15-LO in adipogenesis
and lipogenesis. This is important as a 16-week high-fat
diet is likely overloading the adipocyte, and thus differences
in serum levels of fatty acids and triglycerides between the
strains are hard to discern in the nonfasted state.

Adipose tissue has an important role in controlling
whole-body glucose homeostasis such that pancreatic islets
are highly susceptible to the damaging effects elicited by
circulating cytokines and fatty acids released by inflamed
adipose tissue [40]. Within the first week of high-fat feeding
in mice, insulin resistance primes the islets to respond
by becoming hyperplastic to meet the increased demands
of insulin production to compensate for insulin resistance

and thereby maintain normal blood glucose levels [41].
Furthermore, the islets themselves become inflamed and
begin to decline in insulin production and secretion [41].
Indeed, fat-specific 12/15-LO deficiency may protect β-
cell function as evident by decreased islet expression of
proinflammatory genes, such as IL-12p40, IFNγ, and IL-6.
Furthermore, while it is generally accepted that hyperplasia
is an adaptive response to overcome insulin resistance, we
observed that the ad-12/15-LO mice exhibited even larger
islets despite their improvements in glucose metabolism.
The decreased inflammatory environment in these mice may
allow this hyperplastic response to ensue without facing the
normal detrimental consequences of inflamed islets. This is a
novel aspect of the study that will certainly be investigated
in future studies as an interesting crosstalk clearly exists
between 12/15-LO activity in adipose tissue and pancreatic
islet inflammation and β-cell function.

aP2-Cre can exhibit low levels of expression in macro-
phages and is of concern in the present study. However,
the aP2-Cre transgene in our mouse model appears to
be specific to adipocytes and not leaky in macrophages
as thioglycollate-induced peritoneal macrophages isolated
from wild type and ad-12/15-LO mice exhibit similar IL-12
expression (data not shown). This is important as 12/15-
LO is a requirement for IL-12 expression in macrophages
[42]. Thus this further supports the idea that inflamed
adipose tissue driven by 12/15-LO has significant systemic
impact apart from macrophages. Future studies comparing
isolated macrophages from aP2-Cre; 12/15-LOloxP/loxP as well
as adiponectin-Cre; 12/15-LOloxP/loxP mice (which we are
currently generating) will provide further information on
the molecular and functional consequences of aP2-Cre in
macrophages as adiponectin is expressed only in adipocytes.

Recent data suggests that inflammation in adipose tissue
precedes the development of disease progression in periph-
eral tissues [11, 30]. In particular, Stanton et al. reported
that inflammatory gene expression changes in epididymal
adipose tissue of C57BL/6 mice in response to a high-fat
feeding occur as early as 6 weeks of feeding; by 16 weeks
of feeding there is a shift in inflammatory changes in the
adipose tissue to the liver. These results suggest that analysis
of adipose tissue as early as 6 weeks of high-fat feeding may
reveal even more dramatic differences in epididymal adipose
tissue of wild type versus ad-12/15-LO mice. Furthermore,
careful analysis of liver tissue from 6–16 weeks of high-
fat feeding will also reveal whether fat-specific 12/15-LO
deficiency can protect mice from obesity-induced fatty liver
disease.

If indeed controlling obesity-induced dysfunction of
adipose tissue metabolism will protect systemic tissues from
the inflammatory adipokines secreted by adipose tissue, then
one would suspect to observe significant decreases in circu-
lating cytokine levels in the serum. While serum cytokine
levels were not evaluated in this study due to lack of material,
we would expect serum cytokine levels to be reduced in
the high-fat diet-fed ad-12/15-LO mice compared to wild
type. These cytokines likely will reflect the inflammatory
expression profile in adipose tissue as this organ is much
larger than other cytokine-contributing tissues and thus
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adipose tissue adipokine production may more significantly
impact circulating systemic cytokine levels.

5. Conclusions

In summary, we report the first study utilizing a targeted
tissue-specific deletion of 12/15-LO. The use of 12/15-
LOloxP/loxP mice will allow targeted removal of 12/15-LO in
various tissues affected by diabetes and cardiovascular dis-
ease, including β-cells, liver, and vascular tissue. In addition,
our findings suggest that 12/15-LO-mediated pathways in
adipocytes play a role in obesity-associated insulin resistance
by modulating adipose tissue inflammatory pathways. Inacti-
vation of 12/15-LO in fat was able to relieve local inflamma-
tion resulting in positive systemic metabolic consequences.
Therefore, deciphering the key molecular players regulating
12/15-LO expression in adipose tissue may have therapeutic
value in the treatment of obesity-related disorders, such as
diabetes and cardiovascular disease.
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molecular mechanisms of the selective regulation of IL-12
production by 12/15-lipoxygenase,” Journal of Immunology,
vol. 176, no. 1, pp. 265–274, 2006.

[19] G. Trinchieri, “Interleukin-12 and the regulation of innate
resistance and adaptive immunity,” Nature Reviews Immunol-
ogy, vol. 3, no. 2, pp. 133–146, 2003.

[20] Y. Wen, J. Gu, S. K. Chakrabarti et al., “The role of 12/15-lipox-
ygenase in the expression of interleukin-6 and tumor necrosis
factor-α in macrophages,” Endocrinology, vol. 148, no. 3, pp.
1313–1322, 2007.

[21] M. Saraiva and A. O’Garra, “The regulation of IL-10 produc-
tion by immune cells,” Nature Reviews Immunology, vol. 10,
no. 3, pp. 170–181, 2010.

[22] A. T. Pettersson, N. Mejhert, M. Jernås et al., “Twist1 in human
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