
European Journal of Endocrinology (2009) 161 397–404 ISSN 0804-4643
CLINICAL STUDY

Increased serum concentrations of macrophage inhibitory
cytokine-1 in patients with obesity and type 2 diabetes mellitus:
the influence of very low calorie diet
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Abstract

Objective: Macrophage inhibitory cytokine-1 (MIC-1) is a novel regulator of energy homeostasis. We
explored whether alterations in MIC-1 levels contribute to metabolic disturbances in patients with
obesity and/or obesity and type 2 diabetes mellitus (T2DM).
Design: We measured serum MIC-1 levels and its mRNA expression in subcutaneous and visceral
adipose tissue of 17 obese nondiabetic women, 14 obese women with T2DM and 23 healthy lean
women. We also explored the relationship of MIC-1 with anthropometric and biochemical parameters
and studied the influence of 2-week very low calorie diet (VLCD) on serum MIC-1 levels.
Methods: Serum MIC-1 levels were measured by ELISA and its mRNA expression was determined by
RT-PCR.
Results: Both obese and T2DM group had significantly elevated serum MIC-1 levels relative to controls.
T2DM group had significantly higher serum MIC-1 levels relative to obese group. Serum MIC-1
positively correlated with body weight, body fat, and serum levels of triglycerides, glucose, HbAlc, and
C-reactive protein and it was inversely related to serum high-density lipoprotein cholesterol. Fat mRNA
MIC-1 expression did not significantly differ between lean and obese women but it was significantly
higher in subcutaneous than in visceral fat in both groups. VLCD significantly increased serum MIC-1
levels in obese but not T2DM group.
Conclusion: Elevated MIC-1 levels in patients with obesity are further increased by the presence of
T2DM. We suggest that in contrast to patients with cancer cachexia, increased MIC-1 levels in obese
patients and diabetic patients do not induce weight loss.

European Journal of Endocrinology 161 397–404
Introduction

Macrophage inhibitory cytokine-1 (MIC-1) is a
member of the transforming growth factor-b super-
family (1–3). It is expressed in activated macrophages
(1), placenta and prostate, and to a lesser extent in
the liver, kidney and brain (4, 5). Significant amounts
of MIC-1 are released into the circulation suggesting
that it can also act as an endocrine factor (6).

Increased concentrations of MIC-1 were found in
patients with chronic inflammatory states such as
rheumatoid arthritis (7) and in many types of cancer
(8–10). MIC-1 was also identified as a predictor of
cardiovascular events in a cohort of previously healthy
women (11, 12) and as an early mediator of the injury
response in kidney and lung (13). Recently, a key role
ndocrinology
of increased MIC-1 concentrations in the induction of
cancer-related anorexia and weight loss in animals and
humans was described (14).

Previous findings suggested an important role for
MIC-1 in inflammatory and atherosclerotic processes
and body weight regulation making it a possible
etiopathogenetic candidate and/or metabolic marker
of obesity and its associated co-morbidities such as
insulin resistance or type 2 diabetes mellitus (T2DM).
However, to our best knowledge no information about
possible changes of circulating levels of MIC-1 in
patients with obesity or in patients with the com-
bination of obesity and T2DM is available. To this
end, we measured fasting serum levels of MIC-1 in
nondiabetic obese women, in obese women with T2DM,
and in healthy normal-weight women. We also assessed
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MIC-1 mRNA expression in subcutaneous and visceral
fat and studied how 2 weeks of very low calorie diet
(VLCD) affect its circulating concentrations in obese and
diabetic patients.
Subjects and methods

Study subjects

Written informed consent was signed by all participants
before being enrolled into the study. The study was app-
roved by the Human Ethical Review Committee, 1st Fac-
ulty of Medicine and General University Hospital, Prague,
Czech Republic and was performed in accordance with
the guidelines proposed in the Declaration of Helsinki.

Overall, 17 obese women without T2DM (obese; age:
45.9G3.2 years, body mass index (BMI): 50.4
G2.6 kg/m2, body fat content (%BF): 54.4G1.7%),
14 obese women with T2DM (age: 56.1G2.3 years, BMI:
50.9G2.5 kg/m2, %BF: 55.2G1.7%) and 23 age-
matched healthy control women (age: 45.1G2.5, BMI:
23.3G0.4 kg/m2, %BF: 27.3G1.9%) were included in
the study. Body weight of all study participants remained
stable for at least 3 months before the beginning of the
study. Women with T2DM were treated by diet or oral
antidiabetics at the time of the study. None of the studied
subjects suffered from thyroid disorder and/or acute
infectious disease. None of the studied subjects had
malignant tumor. All subjects included in the study were
nonsmokers and had no allergies. Healthy women had no
history of obesity or malnutrition, hypertension, and/or
gastrointestinal disease. Blood tests confirmed normal
blood count, liver, and renal functions. All subjects
were asked to fast and drink only water on the night prior
to the study.

All obese women without T2DM and all obese women
with T2DM underwent a 2-week VLCD program
with energy content of 2200 kJ/day (550 kcal/day).
All of the patients were hospitalized in the 3rd
Department of Medicine, General University Hospital,
Prague, Czech Republic.
Table 1 Anthropometric, hormonal, and biochemical characteristics
mellitus (T2DM), and obese women with T2DM. All characteristics of

Controls (nZ23)

Age (years) 45.1G2.5
Body mass index (kg/m2) 23.3G0.4
Body fat content (%) 27.3G1.9
Cholesterol (mmol/l) 5.1G0.2
Triglycerides (mmol/l) 1.0G0.1
HDL-cholesterol (mmol/l) 1.6G0.1
LDL-cholesterol (mmol/l) 3.1G0.2
Fasting glucose (mmol/l) 4.4G0.3
HbAlc (%) 3.6G0.1
Fasting insulin (mIU/l) 8.5G1.2
C-reactive protein (mg/l) 5.3G0.8
HOMA-IR 1.4G0.2

Results are meansGS.E.M. *P!0.05 versus controls; †P!0.05 versus T2DM.
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MIC-1 mRNA expression sub-study

The mRNA expression of MIC-1 in visceral and subcu-
taneous fat was measured in another patients’ population.
Fat samples were obtained from 12 nondiabetic obese
women undergoing gastric banding surgery for the
3rd grade obesity (age: 39.9G3.5 years, BMI: 43.2
G0.8 kg/m2) and from 12 lean control women (age:
49.5G3.8 years, BMI: 23.6G0.6 kg/m2) undergoing
elective cholecystectomy.
Anthropometric examination, blood,
and tissue sampling

All patients with obesity/T2DM were examined twice: at
a basal state before the beginning of any treatment and
after 2 weeks of VLCD while normal-weight healthy
women were examined only once. All subjects were
measured and weighed and their BMI was calculated.
BF content was estimated by bioimpedance analysis
(Bodystat 1500, Bodystat Ltd, Douglas, Isle of Man, UK).
Blood samples for MIC-1, insulin, and biochemical
parameters were withdrawn between 0700 and 0800 h
after 12 h of overnight fasting. Blood samples were
separated by centrifugation for 10 min at 1000 g within
30 min from blood collection. Serum was subsequently
stored in aliquots at K80 8C until further analysis.

Paired samples of subcutaneous and visceral adipose
tissue from lean and obese women were collected at the
beginning of surgery (gastric banding in obese and
elective cholecystectomy in control subjects respect-
ively). Approximately 100 mg of adipose tissue was
collected to 1 ml of RNA stabilization reagent (RNAlater,
Qiagen) and stored at K80 8C until further analysis.
Hormonal and biochemical assays

Serum MIC-1 concentrations were measured by com-
mercial ELISA kit (Biovendor, Brno, Czech Republic),
following the manufacturer’s instructions. Sensitivity
was 10 pg/ml and the intra- and interassay variability of
the kit was 3.7 and !10% respectively. Serum insulin
of healthy control women, obese women without type 2 diabetes
the patients are pre-treatment values.

Obese (nZ17) T2DM (nZ14)

45.9G3.2 56.1G2.3
50.4G2.6* 50.9G2.5*
54.4G1.7* 55.2G1.7*
4.9G0.2 4.5G0.3
1.5G0.1* 2.2G0.4*
1.2G0.1*,† 0.9G0.1*
3.0G0.2 2.7G0.2
5.1G0.2† 9.9G1.1*
4.0G0.2† 7.7G0.9*

13.0G1.7 19.8G4.8*
14.2G2.2* 13.2G3.5*
3.0G0.4*,† 8.3G1.9*
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Table 2 Baseline characteristics of healthy control women and
obese women included in macrophage inhibitory cytokine-1
expression sub-study.

Controls
(nZ12)

Obese
(nZ12)

Age (years) 49.5G3.8 39.9G3.5
Body mass index (kg/m2) 23.6G0.6 43.2G0.8*
Cholesterol (mmol/l) 4.8G0.24 4.5G0.21
Triglycerides (mmol/l) 1.2G0.22 1.7G0.36
Fasting glucose (mmol/l) 4.6G0.24 5.0G0.37
Fasting insulin (mIU/l) 10.7G2.30 14.4G1.47
HOMA-IR 2.2G0.63 3.6G1.41*
C-reactive protein (mg/l) 7.9G2.52 17.6G3.24*

Results are meansGS.E.M. *P!0.05 versus controls.
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concentrations were measured by commercial RIA kit
(Cis Bio International, Gif-sur-Yvette Cedex, France).
Sensitivity was 2.0 mIU/ml and the intra- and interassay
variability was !5 and !9% respectively. Biochemical
parameters were measured in the Department of
Biochemistry of General University Hospital by standard
laboratory methods.

Homeostasis model assessment of insulin resistance
(HOMA-IR) index was calculated as previously described
using the following formula: fasting serum insulin
(mIU/l)!fasting serum glucose (mmol/l)/22.5 (15).
Determination of mRNA expression

Total RNA was extracted from 60 to 80 mg of
subcutaneous and visceral adipose tissue by homogen-
ization using MagNA lyser (Roche Diagnostic, GmbH)
instrument and following isolation of RNA on auto-
matic isolator MagNA Pure Compact (Roche Diagnos-
tics, GmbH) using MagNA Pure Compact RNA Isolation
kit (Roche Diagnostics, GmbH). The integrity of the RNA
was checked by visualization of 18S and 28S ribosomal
bands on 1% agarose gel with ethidium bromide.
Concentration and purity of RNA were determined by
spectrophotometer (BioPhotometr Eppendorf AG,
Hamburg, Germany).

For RT, 0.05 mg of total RNA was used to synthesize the
first strand cDNA using the oligo(dT) primers following
the instructions of the RevertAid First Strand cDNA
Table 3 The influence of 2 weeks of very low calorie diet (VLCD) on a
type 2 diabetes mellitus (T2DM) and obese women with T2DM.

Obese (nZ17)

Pre-VLCD P

BMI (kg/m2) 50.4G2.6 4
Body weight (%) 146.5G9.3 14
Cholesterol (mmol/l) 4.9G0.2
Triglycerides (mmol/l) 1.5G0.1
Fasting glucose (mmol/l) 5.1G0.2
Fasting insulin (mIU/l) 13.0G1.7 1
CRP (mg/l) 14.2G2.2
HOMA-IR 3.0G0.4

Results are meansGS.E.M. †P!0.05 versus before VLCD.
Synthesis kit (Fermentas Life Science, Vilnius, Lithuania).
cDNA was used for determination of gene expression of
MIC-1 and 18S rRNA by method real-time PCR performed
on ABI PRISM 7500 instrument (Applied Biosystems,
Foster City, CA, USA) using TaqMan Universal PCR
Master Mix, NO AmpErase UNG, and specific TaqMan
gene expression assays (Applied Biosystems).

All PCRs for each gene were amplified separately.
Controls with no template cDNA were performed with
each assay and all samples were run at least in
duplicates. The increase in fluorescence was measured
in real-time and data were obtained as threshold cycle
(CT) values. Results were normalized to 18S rRNA.
Relative gene expression of genes was calculated using
the formula 2KDDðCT MIC1KCT18S rRNAÞ.

Statistical analysis

The statistical analysis was performed on SigmaStat
software ( Jandel Scientific, San Rafael, CA, USA). The
results are expressed as meansGS.E.M. Comparisons of
MIC-1 levels, anthropometric, biochemical, and hormo-
nal parameters among the three groups studied (obese,
T2DM, controls) were evaluated by one-way ANOVA
followed by Holm-Sidak or Dunn’s test as appropriate. The
comparison of anthropometric and biochemical para-
meters, and MIC-1 levels before and after VLCD was
evaluated by Wilcoxon Sum Rank Test. Pearson or
Spearman correlation tests were used to calculate the
relationships between MIC-1 levels and other parameters.
Multiple regression analysis was used to show the
independent relationship of MIC-1 with other parameters.
A P value !0.05 denoted statistical significance.
Results

Anthropometric, hormonal, and biochemical
characteristics of the study subjects

The study groups were age-matched. Both obese and
T2DM groups had markedly increased BMI and BF
content as compared with control group (Table 1). BMI
and BF content of obese and T2DM group did not
nthropometric and biochemical parameters in obese women without

T2DM (nZ14)

ost-VLCD Pre-VLCD Post-VLCD

8.0G2.5† 50.9G2.5 47.8G2.3†

0.2G8.8† 135.6G6.6 127.4G6.0†

4.1G0.3† 4.5G0.3 4.1G0.2†

1.3G0.1† 2.2G0.4 1.4G0.2†

4.9G0.2 9.9G1.1 7.3G0.8†

2.0G1.5 19.8G4.8 12.1G1.1†

5.8G1.3† 13.2G3.5 7.1G2.4†

2.6G0.4 8.3G1.9 4.1G0.8†
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Figure 1 Serum concentrations of macrophage inhibitory cytokine-1
(MIC-1; pg/ml) in healthy control women (nZ23), obese women
without type 2 diabetes (obese; nZ17), and in obese women with
type 2 diabetes (T2DM; nZ14). Values are meansGS.E.M.
Statistical significance is from ANOVA. *P!0.05 vs controls,
**P!0.05 vs obese
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significantly differ. Fasting serum levels of total choles-
terol and low-density lipoprotein-cholesterol did not
significantly differ between the groups studied. Fasting
serum levels of triglycerides and C-reactive protein (CRP)
were significantly increased in both obese and T2DM
group as compared with control group. Fasting serum
glucose and HbAlc levels were significantly higher in
T2DM group as compared with obese and control group.
Fasting serum insulin levels were significantly increased
in T2DM group relative to control group and tended to be
increased in obese group relative to control group, but
the difference did not reach statistical significance.
Fasting serum high-density lipoprotein (HDL)-choles-
terol levels were significantly lower in both the obese and
diabetic group relative to control groups. HDL-choles-
terol in T2DM was significantly lower than in the obese
group (Table 1). Baseline characteristics of the subjects
included in the mRNA expression sub-study are shown
in Table 2.

The influence of 2 weeks of VLCD on anthropometric,
hormonal, and biochemical parameters in the obese
and T2DM group is shown in Table 3. Body weight of
both obese and T2DM patients significantly decreased
after 2 weeks of VLCD. VLCD significantly reduced
serum levels of total cholesterol, triglycerides, and CRP
in both the obese and T2DM group. VLCD significantly
reduced serum glucose and insulin levels, and HOMA
index in T2DM group only (Table 3).
Figure 2 (A and B) The effect of 2 weeks of very low calorie diet
(550 kcal/day) on serum concentrations of macrophage inhibitory
cytokine-1 (MIC-1; pg/ml) in obese women without type 2 diabetes
(A) and in obese women with type 2 diabetes (B). Statistical
significance is from paired t-test.
Serum levels of MIC-1 in obese women without
T2DM, obese women with T2DM, and
normal-weight women and the changes after
2-week VLCD

Fasting serum MIC-1 concentrations were significantly
increased in both the obese and T2DM group as
www.eje-online.org
compared with control group. Serum MIC-1 levels
were significantly higher in T2DM group relative to
obese group (Fig. 1). Two-week VLCD significantly
increased serum MIC-1 levels in the obese group but it
did not significantly affect MIC-1 concentrations in
T2DM group (Fig. 2A and B).
Relationship of MIC-1 with other studied
parameters

The relationship of serum MIC-1 levels with other
studied parameters was calculated in the combined
population of all three groups (obese, T2DM, and
controls; Table 4) and in the population of obese
women (both obese and T2DM included) both before
and after VLCD (Table 4). In the combined population of
all three groups, serum MIC-1 significantly positively
correlated with BMI, BF content, serum triglycerides,
serum glucose, serum HbAlc, and serum CRP and was
inversely related to serum HDL-cholesterol (Table 4).
Multiple regression analysis showed that serum glucose
Downloaded from Bioscientifica.com at 08/25/2022 07:18:26PM
via free access



Macrophage inhibitory cytokine-1 401EUROPEAN JOURNAL OF ENDOCRINOLOGY (2009) 161
(PZ0.03) and serum CRP (PZ0.045) were indepen-
dent predictors of serum MIC-1 levels.

In the population of obese women, both pre- and post-
VLCD MIC-1 significantly positively correlated with pre-
VLCD serum triglycerides, pre- and post-VLCD serum
glucose, and serum HbAlc. Pre-VLCD serum MIC-1
significantly positively correlated with pre-VLCD HOMA
index in the population of obese women with/or
without T2DM (Table 4). Delta MIC-1 during VLCD
significantly positively correlated with delta serum
insulin and delta HOMA index during VLCD (Table 4).
MIC-1 mRNA expression in the subcutaneous
and visceral adipose tissue of lean and
nondiabetic obese women

MIC-1 mRNA expression was detectable in both
subcutaneous and visceral adipose tissue. Fat
MIC-1 mRNA expression did not significantly differ
between lean and obese women but it was significantly
higher in subcutaneous than in visceral fat in both
groups (Fig. 3).

MIC-1 mRNA expressions in both subcutaneous and
visceral adipose depots significantly positively correlated
Table 4 Relationships of serum macrophage inhibitory cytokine-1 (M
parameters calculated in a combined population of all three study grou
nZ31) both before and after very low calorie diet program (VLCD).

nZ54 BMI %BF Chol TAG HDL

(A)
MIC-1 r 0.57 0.68 0.04 0.49 K0.38

P 0.000 0.000 0.753 0.000 0.004

OBCT2DM
nZ31 BMI-1 BMI-2 Chol-1 C

(B)
MIC-1 before

VLCD
r 0.297 0.273 0.261

P 0.104 0.136 0.154
MIC-1 after

VLCD
r 0.218 0.220 0.256

P 0.235 0.233 0.163

OBCT2DM
nZ31 Ins-1 Ins-2 HDL

MIC-1 before
VLCD

r 0.031 K0.082 K0.274

P 0.871 0.668 0.135
MIC-1 after

VLCD
r 0.014 0.105 K0.203

P 0.940 0.583 0.270

OBCT2DM
nZ31

DBMI during
VLCD

DGluco
during V

(C)
D MIC-1

during VLCD
r 0.003 0.032

P 0.985 0.863

Results are from Spearman or Pearson Correlation Test as appropriate. BMI, b
HDL, high-density lipoprotein cholesterol; LDL, low-density lipoprotein; glu, g
assessment of insulin resistance; 1, before VLCD; 2, after VLCD.
with serum triglyceride levels. MIC-1 mRNA expression
in visceral fat depot was significantly positively related
to age (Table 5).
Discussion

The most important finding of the present study is that
patients with obesity had significantly increased serum
concentrations of MIC-1 relative to healthy normal-
weight women. The patients with combination of T2DM
and obesity had further increased serum MIC-1 levels
relative to the obese group despite comparable BMI, BF
content, and inflammatory status. Circulating levels of
MIC-1 were significantly increased by 2-week VLCD in
obese women without T2DM while no significant
change in this factor was found in the obese diabetic
group.

The exact physiological role and the regulation of
MIC-1 in humans are still only poorly understood.
However, its biological character and current knowl-
edge about its effects in humans suggested that it might
play an important role in the development and
progression of inflammatory and atherosclerotic
IC-1; pg/ml) with other anthropometric, hormonal, and biochemical
ps (A, nZ54) and in the combined group of obese patients (B and C,

LDL Glu HbA Ins CRP HOMA Age

K0.01 0.60 0.58 0.18 0.41 0.44 0.50
0.944 0.000 0.000 0.227 0.006 0.002 0.000

hol-2 TAG-1 TAG-2 Glu-1 Glu-2 HbA

0.178 0.422 0.366 0.547 0.382 0.573

0.444 0.018 0.171 0.002 0.034 0.000
0.132 0.508 0.488 0.511 0.382 0.557

0.572 0.004 0.062 0.003 0.034 0.001

LDL CRP-1 CRP-2 HOMA-1 HOMA-2

0.125 K0.025 K0.019 0.406 0.147

0.506 0.891 0.920 0.029 0.444
0.106 K0.016 K0.037 0.307 0.234

0.574 0.932 0.843 0.104 0.219

se
LCD

DInsulin during
VLCD

DCRP during
VLCD

DHOMA during
VLCD

0.521 0.155 0.461

0.005 0.403 0.016

ody mass index; %BF, percent body fat; chol, cholesterol; TAG, triglycerides;
lucose; ins, insulin; CRP, C-reactive protein; HOMA, homeostasis model
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Figure 3 Relative expression of macrophage inhibitory cytokine-1
(MIC-1) in the subcutaneous (SAT) and visceral (VAT) adipose
tissue of lean (nZ12) and nondiabetic obese women (nZ12).
The expression of MIC-1 in the subcutaneous adipose tissue of
lean women was taken as 100% or 1.0 respectively. Values are
meansGS.E.M. Statistical significance is from unpaired t-test.
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processes and cancer (7, 10, 12). Recent data indicated
a direct role for MIC-1 in energy homeostasis regulation
in cachectic conditions making it a potentially interest-
ing candidate molecule to modulate food intake and/or
body adiposity (14). Here, we show that human obesity
is associated, similarly to cancer (8–10) and inflam-
matory conditions of different etiology (7), with
significantly higher serum MIC-1 levels. The fact that
circulating MIC-1 levels are increased in both cachectic
cancer patients and patients with obesity despite
opposite changes in body weight and BF content argues
rather against a direct role for body weight and BF
content per se in the regulation of circulating MIC-1
levels. In a recently published paper, Ding et al. (16)
demonstrated that MIC-1 mRNA expression was
inversely related to BMI while in our group of patients
we did not find such relationship. The reason for
different findings between Ding’s study and our data is
not clear but it could have been due to different group of
patients (different age range, combined population of
males and females in Ding’s study versus only female
population in our study), concomitant medications or
other reasons. In Ding’s study, MIC-1 production in
human adipocytes was stimulated by H2O2 indicating a
Table 5 Relationships of mRNA expression of macrophage inhibito
adipose tissue with other anthropometric, hormonal, and biochemical
women (nZ24).

MIC1 VAT BMI Age CR

MIC-1 r 0.24 0.26 0.11 0.0
SAT P 0.26 0.22 0.61 0.9
MIC-1 r – 0.15 0.61 0.1
VAT P 0.48 0.003 0.5

Results are from Spearman or Pearson Correlation Test as appropriate. BMI, bo
CRP, C-reactive protein; HOMA, homeostasis model assessment of insulin res
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possible involvement of oxidative stress in the induction
of MIC-1 synthesis. Furthermore, 15d-prostaglandin
J(2) has been reported to induce MIC-1 protein
expression, promoting apoptosis in cancer cells (17)
and the same was true for stimulation of MIC-1
production in human adipocytes in Ding’s study.
Taken together, these data suggest that oxidative stress
might be an important inducer of MIC-1 production.
The presence of increased oxidative stress (18–20) could
potentially explain why both cachectic and obese
patients display increased MIC-1 levels. We suggest
that both extreme cachexia in cancer patients and
morbid obesity may result in nutritional stress and
subsequently oxidative stress in adipocytes and other
tissues which may in turn stimulate MIC-1 production.
The cross-sectional design and other limitations of
our study do not allow us to directly support this
conclusion. Nevertheless, we have previously demon-
strated that local changes in mRNA expression of
some of the proinflammatory cytokines in subcutaneous
adipose tissue of malnourished patients with anorexia
nervosa share some similarities with changes in
patients with obesity suggesting that local inflam-
matory response is present in adipose tissue of both
cachectic and obese patients (21, 22).

Here, we showed that 2 weeks of VLCD did not
significantly change serum MIC-1 levels in obese
women with T2DM, but it significantly reduced serum
MIC-1 in obese women without T2DM in spite of a
similar reduction of body weight, serum cholesterol,
serum triglycerides, and serum CRP during VLCD in
both groups of patients. The reason for the differences
between diabetic versus nondiabetic obese group could
lie in the different metabolic flexibility between diabetic
and nondiabetic patients. It has been shown that
metabolic flexibility and response to various interven-
tions such as VLCD is partially blunted in diabetic
patients (23). Therefore, one possible explanation of
lack of changes of MIC-1 levels in obese diabetic patients
is that the intervention was not strong and long enough
to induce appropriate global metabolic response in the
diabetic group while it was able to do so in obese
nondiabetic patients.

Collectively, our results indicate that the short-term
regulation of MIC-1 may be influenced by long-term
metabolic status and possibly also by oxidative stress
ry cytokine-1 (MIC-1) in subcutaneous (SAT) and visceral (VAT)
parameters calculated in a combined population of lean and obese

P Glu Chol TAG Ins HOMA

2 K0.06 0.18 0.74 0.14 0.09
3 0.79 0.45 0.000 0.57 0.75
2 0.13 0.03 0.55 K0.09 K0.23
8 0.59 0.89 0.02 0.69 0.41

dy mass index; chol, cholesterol; TAG, triglycerides; glu, glucose; ins, insulin;
istance.
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induced by various stimuli. For example, increased
circulating MIC-1 levels may reflect p53 pathway
activation (24). This pathway may, among other
important functions, play a role in the pathophysiol-
ogy of obesity (25). Furthermore, MIC-1 expression
is one of genes responsible for initiating the process
of stimulus-induced adaptive changes (26). Such a
stimulus might be represented by receptor activation
or cell stress such as the one induced by extreme
nutritional changes.

The sites of MIC-1 production in humans are multiple
and its relative significance under different pathophy-
siological conditions is mostly unknown (1, 4, 5). Our
results in a cross-sectional cohort of obese and lean
women showed that MIC-1 is expressed in human
adipose tissue with no significant difference between
lean and obese subjects either in subcutaneous or in
visceral adipose tissue. In agreement with the results of
Ding et al. (16), we found significantly lower expression
of MIC-1 in visceral than in subcutaneous fat in both
lean and obese groups. Furthermore, we showed a
significant relationship of MIC-1 mRNA expression in
both adipose depots with circulating triglycerides
suggesting a possible paracrine role of MIC-1 in adipose
tissue metabolism (16). Our findings also indicated that
the differences in circulating MIC-1 levels between the
lean and the obese do not originate from differences in
production in adipose tissue. It still remains to be
determined whether activated macrophages, liver,
adipose tissue, and/or other tissues are primary sources
of MIC-1 in insulin resistant obese and/or diabetic
subjects.

We are aware that our study has several limitations.
One of these limitations is the difference in average age of
diabetic group as compared with obese and control
group. Although we did not find a significant relationship
between circulating MIC-1 levels and age in the diabetic
group of patients, we found such a relationship in a
combined population of all three study groups. Further-
more, we found that visceral MIC-1 mRNA expression in
a combined population of patients positively correlated
with age. Therefore, the results of our study could have
been partially influenced by this fact.

In conclusion, we demonstrated that serum MIC-1
concentrations are significantly increased in obese
women relative to normal-weight healthy women.
This increase was further augmented by the presence
of T2DM. Our results also suggested different short-term
nutritional regulation of MIC-1 in nondiabetic and
diabetic obese subjects. We conclude that in contrast to
cachectic cancer patients, elevated serum MIC-1 levels
in patients with obesity or obesity and T2DM do not
induce weight loss.
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