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Obesity is associated with chronic low-grade inflammation,
which contributes to systemic metabolic irregularities and
obesity-linked metabolic disorders. Orosomucoid (ORM),
an acute phase reactant protein, was shown to be pro-
duced in response to metabolic and inflammatory signals
in the adipose tissue of obese mice, which protects them
from severe inflammation and subsequent metabolic dys-
function. In this study, we examined whether there are site-
specific differences between visceral and subcutaneous
adipose tissue (VAT and SAT, respectively) ORM gene and
protein expression from individuals with a wide range of
obesity and the relationship between expressed and circu-
lating ORM levels and measures of adiposity, insulin resis-
tance, and pro- and anti-inflammatory markers and adi-
pokines. The level of circulating ORM correlated positively
with BMI, body fat mass, and serum leptin. It also corre-
lated with fasting insulin, HOMA-IR values and C-reactive
protein in men. There were no site-specific differences in
ORM mRNA and protein expression between VAT and SAT,
nor did we find a relationship between circulating ORM
levels and its mRNA expression in either fat depot. We
found that ORM mRNA expression correlated with mRNA
expression of TNF-a, IL-6, and adiponectin in VAT, and
with TNF-a. and adiponectin in SAT. These observations
are the first description linking adipose tissue ORM and
pro- and anti-inflammatory molecules in humans. The
close links of ORM and measures of adiposity, insulin
resistance, and adipose tissue inflammation in humans
reinforce previous experimental data and warrant further
studies to explore a possible role of ORM in the patho-
genesis of obesity-associated metabolic derangements.

INTRODUCTION

Obesity is accompanied by a state of low grade systemic in-

flammation, which may contribute to the development of obe-
sity-associated metabolic dysfunction. Chronic increase of sys-
temic and local inflammation in peripheral tissues has been
shown to play causative roles in the development of metabolic
disorders such as atherosclerosis and type 2 diabetes mellitus
(T2DM), which are often observed in morbidly obese individuals
(Hotamisligil, 2006; Lusis, 2000). Adiposity is a major compo-
nent of metabolic syndrome and a risk factor for developing
T2DM and cardiovascular disease (CVD) (Alberti et al., 2006;
Grundy et al., 2005). It has been suggested that dysfunctional
adipocytes and adipose tissue resident macrophages release
elevated amounts of proinflammatory proteins that may con-
tribute to higher systemic levels of inflammation (Berg and
Scherer, 2005; Stern et al., 2007).

The term, adipokine, refers collectively to both the pro-
inflammatory and protective factors expressed and secreted
from adipose tissue in relation to inflammatory burden (Ahima
and Flier, 2000). These signaling molecules have numerous
functions, which include regulation of metabolism, the inflam-
matory process, and body mass. There is a well-supported
notion that an imbalance in pro- and anti-inflammatory adipoki-
nes contributes to metabolic dysfunction. In obese subjects,
chronic inflammation in adipose tissue interferes with its normal
functions, including buffering lipid metabolites and secreting
adipokines; these functions are involved in regulating insulin
sensitivity and the development of metabolic abnormalities
(Ouchi et al., 2011).

Orosomucoid (ORM), also named a-1 acid glycoprotein, is
one of the most abundant plasma proteins, accounting for
approximately 1% of all plasma proteins (Fournier et al., 2000;
Hochepied et al., 2003). It is a member of the acute phase
protein family and is secreted primarily from the liver. Extra-
hepatic synthesis and secretion has also been reported from
adipose tissue (Fournier et al., 2000). As an immunomodulator,
ORM inhibits mitogen-induced proliferation of lymphocytes and
aggregation of platelets as well as chemotaxis, superoxide
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generation, and aggregation of neutrophils via unknown
mechanisms (Fournier et al., 2000; Hochepied et al., 2003).
Injection of exogenous ORM was shown to consistently protect
mice from TNF-o induced lethality (Libert et al., 1994). We re-
cently reported that ORM expression is induced in response to
both metabolic and inflammatory signals in the adipose tissue
of obese mice, protecting them from severe inflammation. This
occurs unless there is a serious disturbance in glucose and lipid
homeostasis, which can eventually lead to systemic metabolic
complications. ORM expression was elevated selectively in the
adipose tissue of obese mice with increasing plasma ORM
levels. Adipose ORM expression was augmented rapidly (within
one week) upon receiving a high fat diet regimen (HFD), but not
by acute inflammation with lipopolysaccharide (LPS) injection.
In contrast, expression of liver ORM was induced by LPS, but
not by HFD. These results suggest that adipose ORM, in con-
trast to liver ORM, is modulated by distinct mechanisms upon
exposure to pathophysiological conditions (Lee et al., 2010).

Studies have further established that adipose tissue distribu-
tion has a significant impact on disease risk. Compared to
gluteo-femoral fat, higher levels of central abdominal fat in-
crease the risk of both CVD and T2DM. Such differences in risk
may be attributable to the depot-specific differences in the ex-
pression and secretion of adipokines (Fisher et al., 2002). Dif-
ferences in gene expression of adipocyte-secreted molecules
suggest that there are intrinsic fat depot-specific differences in
the endocrine function of adipose tissue. Differentially expres-
sed adipokines include leptin (Montague et al., 1998), plasmi-
nogen activator inhibitor-1 (Alessi et al., 1997), IL-6 (Fried et al.,
1998) and visfatin (Fukuhara et al., 2005).

In order to further understand the role of ORM in human obe-
sity, we examined circulating levels and adipose tissue expres-

sion of ORM in human subjects with different levels of adiposity.

We aimed to determine the following: 1) if circulatihng ORM
levels correlate with measures of obesity, insulin resistance and
circulating levels of leptin, adiponectin and C-reactive protein
(CRP), 2) if there are site-specific differences between visceral
and subcutaneous fat depots in ORM expression and 3) if
ORM expression in the visceral adipose tissue (VAT) and sub-
cutaneous adipose tissue (SAT) correlate with expression of
adiponectin and two proinflammatory markers, TNF-o and IL-6.

MATERIALS AND METHODS

Study population

The subjects were individuals undergoing elective abdominal
surgery (n = 64), for cholecystectomy and weight reduction
surgery. The subjects’ ages ranged from 17 to 71 years, and all
were free of acute inflammation, infection, or malignant condi-
tions. Nine subjects had T2DM, all of which were treated with
diet alone. All subjects had a stable weight with no fluctuations
> 2% of their body weight for at least 2 months prior to surgery.
This study was performed at the Obesity Research Center,
King Saud University, Riyadh, Saudi Arabia. The Institutional
Review Board approved this study and all participants gave
informed consent.

Prior to surgery, all patients gave their medical history and
underwent a physical examination. Weight (in kilograms) was
measured in light clothing, without shoes, to the nearest 0.1 kg;
height was measured using a stadiometer to the nearest centi-
meter; and body mass index (BMI) was calculated (weight/
height squared; in kilograms per square meter). BMI ranged
from 17.4 to 66.6 kg/m®. Percentage body fat was measured by
a bioelectrical impedance analyzer system (BT-905 Body
Composition Analyzer, Skylark Co. Ltd., Taiwan).

After overnight fasting, blood samples were obtained and
sera were stored at -80°C until analytical measurements could
be performed. Paired VAT and SAT samples were obtained
from 20 subjects during the surgical procedure. All tissues were
immediately frozen in liquid nitrogen and stored at -80°C.

Analytical methods

Levels of serum glucose, triglycerides, total cholesterol, and
high-density lipoprotein (HDL) cholesterol were determined
using a Dimension Xpand Plus integrated clinical chemistry
autoanalyzer (Siemens Healthcare Diagnostics, USA). Serum
levels of low-density lipoprotein (LDL) cholesterol were calcu-
lated using Friedewald’s equation (Friedewald et al., 1972).
Plasma insulin quantity was determined by electrochemilumi-
nescence using a Cobas e411 immunoanalyzer (Roche Diag-
nostics, USA). Insulin resistance was represented using the
“homeostasis model assessment of insulin resistance” (HOMA-
IR), which was determined according to the following equation:
HOMA-IR = fasting plasma glucose (mmol/L) x fasting plasma
insulin (MU/mI)/22.5 (Matthews et al., 1985). Glycosylated he-
moglobin (HbA1c) was measured using a turbidimetric inhibi-
tion immunoassay with the Dimension Xpand Plus autoana-
lyzer (Siemens Healthcare Diagnostics).

Serum orosomucoid concentrations were measured by
ELISA (AssayMax Human a-1-Acid Glycoprotein, AssayPro,
USA). The intra- and inter-assay coefficients of variance (CVs)
were 4.4% and 7.2%, respectively. Commercially available ELISA
kits were used to measure serum concentrations of leptin and
adiponectin (Millipore Corporation, USA), and CRP (Immunodi-
agnostik AG, Germany) according to the manufacturers’ rec-
ommended protocols (leptin intra-assay CV = 4.9% inter-assay
CV = 8.6%, adiponectin intra-assay CV = 7.4% and inter-assay
CV = 8.4%, and CRP intra-assay CV = 6.0% and inter-assay
CV =11.6%).

RNA extraction and real-time PCR
RNA was extracted from adipose tissue samples using an
RNeasy Lipid Tissue kit (Qiagen GmbH, Germany). Extraction
was followed by a DNase digestion step to remove any con-
taminating genomic DNA. RNA was quantitated using a Nano-
drop ND-1000 spectrophotometer (Labtech International Ltd.).
The quality of the RNA was evaluated by agarose gel electro-
phoresis and visual inspection of the 28S and 18S ribosomal
bands. From each sample, 300 ng of RNA was reverse tran-
scribed using a high capacity RNA to cDNA Kit (Applied Biosys-
tems, USA) according to the manufacturer’s instructions.
Synthesized cDNAs served as templates with specific prim-
ers in the presence of dNTPs and TagDNA polymerase. Real
time reverse transcription-PCR amplification reactions were
brought to a final volume of 20 pl and contained 1.875 ng of
total RNA, 10 pmol of the forward and reverse primers, and
SYBR Green (Invitrogen, USA). The iQ5 multicolor real time
PCR detection system (Bio-Rad, USA) was used for PCR am-
plification in 96-well plates. All reactions were performed in
duplicate. Protocol conditions consisted of denaturation at 95°C
for 120 s, followed by 40 cycles at 95°C for 20 s, 60°C for 30 s,
and 72°C for 30 s. After cycling, the melting curve was ana-
lyzed. The relative amounts of each mRNA were calculated by
using the comparative threshold cycle (CT) method. For an
invariant control, we used 18S rBRNA. PCR products were
stained with ethidium bromide and visualized by ultraviolet fluo-
rescence of the electrophoresed product in 1.2% agarose gels.
The sequences of the primers used were as follow: ORM 5'-
GGGAATCCTAGCAGGACACA-3 (sense) and ORM 5-GCA
AGTGAGGGAAAAAGCTG-3' (antisense); adiponectin 5'-GGC



Assim A Alfadda et al. 37

Table 1. Clinical and biochemical characteristics of the study subjects

Variable All Male Female Pvalue

N 64 23 4

Age (years) 37.66 +14.77 35.65+ 13.68 38.78 +15.29 0.42
BMI (kg/m?) 40.24 £ 11.43 38.7+12.52 41.1+10.84 0.42
Body fat (%) 4754 £ 16 38.54 £17 52.71£12.99 0.00
Glucose (mmol/L) 5.91+1.68 5.91+1.24 591+14 0.98
Hemoglobin Alc (%) 5.77 +0.54 5.72+0.42 5.79+0.59 0.66
Insulin (mIU/L) 15.53+9.11 16.22 +10.43 1514+ 8.4 0.65
HOMA-IR 413129 419+2.65 4.1+3.07 0.91
Cholesterol (mmol/L) 4.8 £0.95 4.74 +0.97 4.83+0.95 0.71
LDL-cholesterol (mmol/L) 2.96 £0.82 29+0.85 3+0.82 0.61
HDL-cholesterol (mmol/L) 1.17+0.24 1.17£0.21 1.18£0.26 0.87
Triglycerides (mmol/L) 1.32+0.61 1.47 £0.61 1.24+£0.59 0.14
CRP (ng/ml) 9.04 +8.65 5.65+4.3 9.92+6.6 0.02
Leptin (ng/ml) 41.35 £ 23.87 27.24 £20.25 49.98 £21.91 0.00
Adiponectin (ug/ml) 6.75+2.71 6.36 +2.73 7+2.71 0.39
ORM (g/L) 1.64 +0.68 1.56 £ 0.8 1.7+£0.6 0.44

Value data are presented as the mean + standard deviation. Abbreviations: BMI, body mass index; HOMA-IR, homeostasis model assessment of insulin
resistance; CRP, C-reactive protein; LDL, low-density lipoprotein; HDL, high-density lipoprotein

AGGAAAGGAGAACCTGG-3' (sense) and adiponectin 5'-AG
CCTTGTCCTTCTTGAAGAG-3' (antisense); TNF-a 5-AGCC
CATGTTGTAGCAAACC-3' (sense) and TNF-o 5-GGAAGA
CCCCTCCCAGATAG-3 (antisense); and IL-6 5-TACCCCCA
GGAGAAGATTCC-3' (sense) and IL-6 5'-TTTTCTGCCAGTG
CCTCTTT-3 (antisense).

Identification of ORM by Western blotting

Tissue samples were homogenized in RIPA buffer (50 mM Tris-
HCL pH 7.4, 1% NP-40, 0.25% sodium deoxycholate, 150 mM
sodium chloride, 1 mM EDTA and protease inhibitors). The total
protein present in the samples was measured using a DC pro-
tein assay kit (Bio-Rad). A total of 5-10 ug of protein from each
sample was loaded onto each well in a 10% polyacrylamide gel
and electrophoresis was performed at 120 V for 1 h. After poly-
acrylamide gel electrophoresis (PAGE), proteins were trans-
ferred to a PVDF membrane to which was applied a 15V elec-
trical field overnight. The blots were then blocked with 2% bo-
vine serum albumin (Invitrogen) in phosphate buffered saline
with 1% Tween-20 (PBS-T) for 1 h. This was followed by 2 h of
incubation with anti-ORM1/2 mouse IgG, ascites antibody
(Santa Cruz Biotechnology, USA) diluted to 1:1000 in PBS-T.
The blots were then washed three times with PBS-T for 10 min
each. The membrane was incubated for 1 h with horseradish
peroxidase (HRP)-conjugated goat anti-mouse IgG, diluted to
1:2500 in PBS-T, and followed by three washes as before. The
blots were developed using Pierce ECL Western blot substrate
according to the manufacturer’s instructions. Exposed X-ray
films (BioMax Light Chemiluminescence film, Eastman Kodak,
USA) were developed in a Kodak X-OMAT film processor
(Eastman Kodak). The blots were stripped and re-probed with
antibodies for the anti-B-actin mouse monoclonal as a loading
control. The blots were then quantified using GeneTools analy-
sis software (Syngene, UK) and the values for ORM were nor-
malized to loading control values. The results are expressed as
a percent of the loading control.

Statistical analysis

Data are shown as the mean + SD unless stated otherwise.
Before statistical analysis, logarithmic transformation of the
non-normally distributed parameters was performed to appro-
ximate a normal distribution. P values < 0.05 were considered
statistically significant. Associations between variables were
evaluated by Pearson correlation analysis, and the results are
presented as correlation coefficients (r).

RESULTS

Most of our studied population was either obese or overweight,
with significantly higher body fat in women as compared to men.
Serum ORM concentrations were not significantly different
between men (1.56 + 0.8 g/L) and women (1.7 + 0.6 g/L). There
were, however, significant differences between the genders in
circulating levels of leptin and CRP, with higher levels of both
leptin and CRP detected in the women (Table 1). There was a
significantly positive correlation of serum ORM concentrations
with BMI (Fig. 1A), body fat content (Fig. 1B), and serum leptin
(Fig. 1C). There were no correlations of serum ORM concentra-
tions with fasting plasma glucose, or adiponectin levels in the
entire study population. There were significant correlations
between serum ORM concentrations and fasting insulin (r =
0.42, P = 0.05), HOMA-IR values (r = 0.47, P = 0.03), serum
triglycerides (r=-0.59, P = 0.00), and CRP (r=0.58, P = 0.01)
in men, but not in women (Table 2).

The clinical and biochemical characteristics for subjects stud-
ied for ORM mRNA and protein expression are shown in Table
3. We used real-time PCR to quantify and compare the expres-
sion of ORM in the VAT and SAT, using total RNA of paired
samples for both fat depots. The mRNA expression was not
significantly different between VAT and SAT (Fig. 2A). This
finding was corroborated by the study of ORM expression at
the protein level. Western blot revealed no significant difference
in ORM protein expression between fat depots (Fig. 2B). No
gender dimorphism was detected for ORM mRNA or protein
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Table 2. Correlation of serum ORM concentration and metabolic parameters

All Male Female
Variable
r P value r Pvalue r P value
Glucose (mmol/L) -0.09 0.47 0.09 0.68 -0.2 0.21
Insulin (mIU/L) 0.21 0.1 0.42 0.05 0.05 0.77
HOMA-IR 0.17 0.19 0.47 0.03 -0.03 0.84
Cholesterol (mmol/L) -0.11 0.41 -0.3 0.17 0.02 0.91
LDL-cholesterol (mmol/L) 0.07 0.6 -0.22 0.3 0.26 0.09
HDL-cholesterol (mmol/L) 0.01 0.94 0.06 0.78 -0.02 0.91
Triglycerides (mmol/L) -0.35 0.00 -0.59 0.00 -0.19 0.23
CRP (ng/ml) 0.16 0.3 0.58 0.01 -0.3 0.14
Adiponectin (ug/ml) 0.01 0.95 0.03 0.89 -0.04 0.8
r, correlation coefficient
A r=0.28, P = 0.02 B r=0.29 P =0.02 Fig. 1. Correlation of serum ORM
' concentration and (A) BMI (n = 64),
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expression. We did not find a relationship between circulating DISCUSSION

ORM levels and its mRNA expression in fat depots. There was
no correlation of ORM mRNA expression in VAT and SAT with
BMI, body fat content, glycosylated hemoglobin, fasting plasma
glucose, fasting insulin, CRP, adiponectin or HOMA-IR values
(data not shown).

ORM mRNA expression in VAT and SAT was examined
against the mRNA expression of adipose tissue products of
either pro- or anti-inflammatory functions. In VAT, there were
significant correlations of ORM expression with adiponectin
expression (Fig. 3A), TNF-o. expression (Fig. 3B), and IL-6
expression (Fig. 3C). In SAT, there were significant correlations
of ORM expression with adiponectin expression (Fig. 3D) and
TNF-o expression (Fig. 3E), but not with IL-6 expression (Fig.
3F).

We had previously shown in mice that ORM is secreted from
adipose tissue in response to metabolic stimuli in order to main-
tain metabolic homeostasis by suppressing local and systemic
inflammation. ORM mRNA expression in adipose tissue was
elevated in obese mice with increasing ORM plasma levels,
and its expression was augmented by a high fat diet. In adipo-
cytes, ORM suppressed proinflammatory gene expression and
pathways such as IKK/NF-xB and mitogen-activated protein
kinase (MAPK) signaling and reactive oxygen species (ROS)
generation (Lee et al., 2010). These results suggest that ORM
modulates immune responses to protect adipose tissue from
the effects of excessive inflammation and metabolic dysfunction.

In humans, circulating ORM levels have been widely studied
and the levels have been reported to fluctuate due to disease
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A P=0.16 B P=0.81 Fig. 2. ORM mRNA expression and
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Fig. 3. Correlation of VAT ORM mRNA expression and (A) VAT adiponectin mRNA expression (n = 18), (B) VAT TNF-oo mRNA expression (n
=17), and (C) VAT IL-6 mRNA expression (n = 16). Correlation of SAT ORM mRNA expression and (D) SAT adiponectin mRNA expression
(n =20), (E) SAT TNF-ao mRNA expression (n = 20), and (F) SAT IL-6 mRNA expression (n = 20)

states (Jackson et al., 1982; Piafsky et al., 1978) and stress
(Edwards et al., 1982). As an acute phase protein, ORM is
synthesized mainly by the liver, but extrahepatic synthesis has
also been reported (Fournier et al., 2000). Circulating ORM
levels in our study group were more than twice the average
levels reported in healthy people (Fournier et al., 2000). A pre-
vious study involving morbidly obese females and moderately
obese males also showed that ORM protein concentrations
were doubled compared to lean controls (Benedek et al., 1983;
1984). We also showed previously that serum ORM levels were
significantly elevated in obese people as compared to healthy
people (Lee et al., 2010). The correlation of circulating ORM
levels with BMI and percentage body fat suggests that adipose
tissue may be a contributing source for circulating ORM. Fur-
thermore, the association between circulating ORM protein and
measures of insulin resistance and CRP levels in males sup-
ports the usefulness of using the circulating amount of this pro-
tein as a potential marker for obesity-induced metabolic disor-

ders and inflammation as suggested by experimental data. It is
unclear, however, why the association was not found in fe-
males. This might be explained by the difference in fat distribu-
tion between genders. Previous studies showed that males
have more visceral fat than females. Visceral fat is a major
source of circulating fatty acids and inflammatory mediators,
such as TNF-q, interleukins, and adipokines, which are directly
delivered via the portal vein to the liver inducing insulin resis-
tance (Saltevo et al., 2008).

We were unable to identify any published data examining the
expression of ORM in human adipose tissue. In mice, high
levels of ORM mRNA and protein expression were observed in
liver, white adipose tissue and brown adipose tissue (Fournier
et al., 2000; Hochepied et al., 2003; Lin et al., 2001). In this
study, we reported for the first time that ORM is expressed in
human VAT and SAT, and that there were no site-specific dif-
ferences in ORM mRNA and protein expression between VAT
and SAT. In contrast to our previous findings in mice, we did not
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Table 3. Clinical and biochemical characteristics of subjects studied
for ORM mRNA and protein expression

Variable Mean + SD
N 20
Females 12
Age (years) 37.75+13.96
BMI (kg/m?) 4259+11.14
Bodly fat (%) 49.91+13.62
Glucose (mmol/L) 6.03+1.57
Hemoglobin Alc (%) 5.71+0.34
Insulin (mIU/L) 17.29 + 10.57
HOMA-IR 445+2.74
Cholesterol (mmol/L) 4.82+1.07
LDL-cholesterol (mmol/L) 3.11£0.95
HDL-cholesterol (mmol/L) 1.12+0.24
Triglycerides (mmol/L) 1.26 £0.73
CRP (ng/ml) 7.66 +5.36
Leptin (ng/ml) 4461 +£21.68
Adiponectin (ug/ml) 6.32+1.8
ORM (g/L) 1.76 £0.77

SD, standard deviation

find a relationship between circulating ORM levels and its
mRNA expression in fat depots. The reason for this discrep-
ancy cannot be explained easily. Hormonal regulation of ORM
circulating levels or mRNA expression in adipose tissue has not
been studied.

We found a positive correlation between ORM mRNA ex-
pression and adiponectin mMRNA expression in both VAT and
SAT. The mechanism for this association is unclear and led us
to speculate that there exists a regulatory mechanism between
both adipokines acting in a coordinated manner in obesity.
Elucidation of such a mechanism in humans will clearly require
more detailed studies. ORM mRNA expression was also asso-
ciated with mRNA expression of TNF-o. and IL-6 in VAT, and
with TNF-o. in SAT. TNF-o. expression has been shown to in-
crease in the adipose tissue from experimental animal models
of obesity and T2DM (Hotamisligil et al., 1993). Accordingly,
neutralization of TNF-o-induced signaling in obese animals
leads to improved insulin sensitivity, which is associated with
enhanced insulin signaling in both muscle and adipose tissue
(Hotamisligil et al., 1993; 1994). We previously showed that
TNF-a induces ORM mRNA levels in mature adipocytes. Fur-
thermore, ORM suppressed TNF-o. gene expression and gen-
eration of ROS in adipocytes and macrophages through the
suppression of IKK/NF-kB and MAPK pathways. Induction of a
high circulating level of ORM in db/db mice by continuous infu-
sion of purified ORM protein reduced the expression of inflam-
matory cytokine genes, namely TNF-o. and IL-6 (Lee et al.,
2010). Due to the association of ORM with these inflammatory
cytokines, it is possible that ORM plays a role in limiting in-
flammation in human adipose tissue.

In conclusion, we have shown that ORM, a newly proposed
anti-inflammatory adipokine, is expressed in human adipose
tissue with no differential expression between VAT and SAT.
The close relationship of ORM with measures of adiposity and
insulin resistance, and its association with adiponectin and
proinflammatory cytokines in human adipose tissue reinforce

previous experimental data and warrant further studies to ex-
plore a possible role of ORM in the pathogenesis of obesity-
associated metabolic disorders.
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