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Context: The inflammatory state of the adipose tissue is believed to contribute to systemic low-
grade inflammation in obesity.

Objective: This study assessed the relationship between adipose and circulating inflammatory
markers as well as the influence of adipose inflammation on bariatric surgery-induced weight
reduction.

Design: This was a cross-sectional and longitudinal study (up to 14 mo).

Setting: The study was conducted in the digestive/bariatric surgery department of the Tivoli and
Jean Villar clinics, Bordeaux, France.

Patients: Thirty-seven obese patients [body mass index (BMI) � 35–40 kg/m2)] seeking bariatric
surgery were included. Twenty-eight of them were successively followed up at 1–3 months after
surgery and 25 between 6 and 14 months after surgery.

Main Outcome Measures: Fasting serum samples were collected before surgery to assess concen-
trations of inflammatory markers. Samples of visceral adipose tissue were extracted during surgery
and gene expression of cytokines and immune cell markers were evaluated using quantitative
RT-PCR. Pre- and postsurgery weight and BMI were collected.

Results: Gene expression of several cytokines were strongly intercorrelated in the visceral adipose
tissue. Adipose expression of macrophage and T cell markers were related to adipose expression
of TNF-� and IL-1 receptor antagonist (P � .01) and to systemic levels of TNF-� (P � .01) and IL-6
(P � .05). A higher inflammatory state of the adipose tissue predicted a lower BMI reduction after
surgery (P � .05), notably at early stages after surgery.

Conclusions: These findings support the involvement of macrophages and T cells in adipose in-
flammation and provide new information regarding the role of the visceral adipose tissue in the
inflammatory state of obesity and its impact on obesity treatment outcomes, such as surgery-
induced weight loss. (J Clin Endocrinol Metab 99: E53–E61, 2014)
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Obesity is characterized by a low-grade inflammatory
state reflected by chronic increases in circulating

concentrations of inflammatory markers, including pro-
inflammatory cytokines (eg, IL-6, TNF-�) and C-reactive
protein (CRP) (1). This chronic low-grade inflammatory
state is believed to originate in part from the adipose tissue,
consistent with findings showing associations between in-
flammatory markers and measures of central adiposity (2,
3). Of note, complementary and nonexclusive factors
and/or mechanisms associated with obesity, including in-
sulin resistance and hepatic nonalcoholic fatty liver/he-
patic steatosis, may also promote chronic low-grade in-
flammation (4–6). Interventions to reduce weight in obese
patients are associated with improved systemic inflamma-
tion (7). In addition, higher expression of inflammatory
markers has been documented in the adipose tissue of
obese patients compared with lean subjects, and this ex-
pression was reduced after weight loss (8–10). Altogether
these data support the notion that adiposity contributes to
low-grade inflammation in obesity.

Inflammation in the adipose tissue relies on the involve-
ment of several actors, including adipocytes that have the
ability to secrete adipokines, eg, cytokines and other in-
flammatory markers such as acute-phase proteins (11). In
addition, a substantial literature establishes the role of
macrophages in the inflammatory state of obesity. Weight
gain is associated with a significant recruitment of mac-
rophages in the adipose tissue contributing to the in-
creased expression of inflammatory factors (12, 13). In
addition, obesity is associated with changes in macro-
phage polarization, with an increase in the M1 (proin-
flammatory) to M2 (antiinflammatory) ratio (14, 15). In-
terestingly, massive weight loss was shown to result in a
marked reduction in macrophage infiltration and in the
proinflammatory profile of macrophage phenotypes,
which might relate to significant improvement in the ad-
ipose inflammatory state (16, 17). More recently, findings
have also suggested the involvement of T cells in the in-
flammatory state originating from the adipose tissue. In
support of this, experimental studies in animals have
shown that weight gain induced by a high-fat diet is as-
sociated with an infiltration of T cells in the adipose tissue
preceding the recruitment of macrophages (18, 19). In
obesity, the population of T cells that is believed to be
increased concerns primarily cytotoxic and T helper (Th)
lymphocytes, in contrast to regulatory T lymphocytes,
which were found to be decreased in some but not all
studies (20–22). Accordingly, a recent study found a
higher proportion of regulatory T cells associated with
systemic and adipose inflammation in obese patients com-
pared with lean subjects (23). In this study, however, ad-
ipose inflammation was limited to the expression of a mac-

rophage marker (CD68) and expression of cytokines was
limited to TNF-� and the chemotactic factor for T cells,
CCL-5.

Despite the admitted role of the adipose tissue in obe-
sity-related low-grade inflammation, the relationship be-
tween adipose vs circulating markers of inflammation has
been explored only in few studies. In previous investiga-
tions, circulating concentrations of CRP were found to
associate with sc adipose tissue expression of IL-6 and
TNF-� and with IL-6 concentrations in the portal vein (24,
25). Nevertheless, a more specific characterization of the
inflammatory profile of obese subjects, associating sys-
temic and adipose markers of inflammation, is still
needed. In addition, the question whether adipose and
systemic inflammatory profiles/specificities in obesity may
influence the outcome of bariatric surgery on weight re-
duction remains to be elucidated.

The present study aimed at assessing the relationship of
systemic inflammation with gene expression of cytokines
and markers of macrophage and T cell subpopulations in
the visceral adipose tissue of severely obese patients.
Moreover, the association of systemic and adipose inflam-
mation before bariatric surgery with the magnitude of sur-
gery-induced weight loss was investigated.

Materials and Methods

Patients
Thirty-seven severely or morbidly obese patients [body mass

index (BMI) � 35–40 kg/m2] awaiting bariatric surgery were
recruited from the services of digestive and parietal surgery at the
Tivoli and Jean Villar clinics (Bordeaux, France). Patients were
scheduled to receive either a sleeve gastrectomy (n � 23, mean
BMI 40.6 kg/m2) or a gastric bypass (n � 14, mean BMI 41.0
kg/m2). Patients with infections within the last month preceding
study entry and patients with chronic inflammatory conditions
were excluded. Seventy-six percent of patients (n � 28) were
followed up at 1–3 months after surgery (meantime 1.3 mo) and
67.6% (n � 25) after 6 months after surgery (mean time at
follow-up 10.6 months, range 6–14 mo).

The study was approved by the local Committee for the Pro-
tection of Persons (Bordeaux, France). All patients provided
written informed consent after reading a complete description of
the study.

Circulating concentrations of inflammatory
markers

Fasting blood samples for the measurement of inflammatory
markers were collected the morning of the preoperative exami-
nation. Samples were centrifuged (10 min, 1000 � g, 4°C) after
clotting, and sera were stored at �80°C. High-sensitivity (hs)
serum concentrations of the inflammatory cytokines, hsIL-6,
hsTNF-�, and the acute-phase protein hsCRP, as well as the main
adipose derived hormone, leptin, were measured. In addition,
concentrations of neopterin were assessed as marker of macro-
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phage activation. Neopterin is produced by macrophages acti-
vated by Th1 cell-derived interferon-� (26), and it was found to
be elevated in subjects with overweight or metabolic disorders
(27, 28). Measurements were performed by ELISA according to
the manufacturer’s specifications (hsIL-6, hsTNF-�, and leptin;
R&D Systems; hsCRP: ref CYT298; Millipore; neopterin; IBL
International). Sensitivity and intra- and interassay variability
were, respectively, 0.039 pg/mL �7.4%, and �7.8% for hsIL-6;
0.106 pg/mL, �5.4%, and �8.3% for hsTNF-�; 7.8 pg/mL,
�3.2%, and �4.4% for leptin; 0.20 ng/mL, �4.6%, and � 6%
for hsCRP; and 0.7 nmol/L, �4.3%, and � 8.8% for neopterin.

Adipose tissue gene expression of inflammatory
and immune cell subpopulation markers

RNA extraction and reverse transcriptase
Samples of visceral adipose tissue were taken during bariatric

surgery and kept at 4°C. Samples were washed and excess of
blood was removed with saline. Aliquots of visceral adipose tis-
sue were then frozen at �80°C until RNA extraction. Total RNA
from samples was extracted in TRIzol reagent and 2 �g of RNAs
were reverse transcribed using Moloney murine leukemia virus-
reverse transcriptase (Invitrogen).

Real-time PCR
Real-time PCR was performed on an AB7500 real-time PCR sys-

tem using Taqman gene expression assays, purchased from Applied
Biosystems,foradipokines: IL-6(Hs00985641_m1);IL-1receptoran-
tagonist (IL-1ra; Hs00893626_m1); TNF-� (Hs99999043_m1);
IL-10 (Hs99999035_m1); IL-1� (Hs01555410_m1); leptin
(Hs00174877_m1); monocyte chemoattractant protein-1 (MCP-
1), also referred to as chemokine ligand-2 (Hs00234140_m1); for
T cell markers : CD8A (cytotoxic T cells, Hs01555600_m1); T-box
21 (TBX21; Th1 cells, Hs00203436_m1); GATA3 (Th2 cells,
Hs00231122_m1); Forkhead box P3 (FOXP3; regulatory T cells,
Hs01085832_m1); CD3E (T cells, Hs01062241_m1); for macro-
phage markers : CD11B (macrophages, Hs00355885_m1);
CD11C (M1 macrophages, Hs00174217_m1); CD206 (M2 mac-
rophages,Hs00267207_m1); and for the housekeeping gene �2-
microglobulin (Hs00984230_m1).

Cycle threshold (Ct) values of �2-microglobulin were not
significantly correlated with weight or BMI in obese subjects
(R � �0.09, P � .60, and R � �0.07, P � .70, respectively) or
with age, gender, smoke, or any obesity-related comorbidities
(all P � .05), supporting the use of this gene as housekeeping
gene. The difference between target Ct values and housekeeping
�2-microglobulin Ct values (�Ct) was calculated to normalize
for differences in the amount of total nucleic acid added to each
reaction and in the efficiency of the reverse transcriptase step.
The expression of target gene (linear value) normalized to the
housekeeping gene was determined by 2-(�Ct) � 1000. This
method provides measures of mRNA levels of different target
genes, normalized to the housekeeping gene. Two patients with
extreme values (ie, � 4 SD above the mean) of at least one marker
were considered as outliers and excluded from analyses.

Data analyses and statistics
Raw values for circulating hsIL-6, hsTNF-�, neopterin, and

leptin were log transformed because of nonnormality. Pearson
correlations, controlling for obesity-related comorbidities (eg,
type 2 diabetes, sleep apnea syndrome, hypertension, hepatic

steatosis) were performed to assess the relationship between cir-
culating inflammatory markers and adipose inflammatory
markers. Similar analyses were performed to determine associ-
ations between gene expressions of inflammatory markers and
immune cell subpopulations in the visceral adipose tissue. A fac-
tor analysis with varimax rotations was performed to confirm
these associations and extract distinct adipose immune/inflam-
matory components. The significance of changes in weight and
BMI between baseline and after surgery [respectively at 1–3
months after surgery (n � 28) and after 6 months after surgery
(n � 25)] was assessed with paired t tests. Relationships of sys-
temic and adipose inflammation before bariatric surgery with the
magnitude of surgery-induced weight loss [estimated as the dif-
ference (�) in weight and BMI between after surgery and base-
line] were assessed using first simple linear regression analyses
and then multiple linear regression analyses controlling for time
at follow-up and obesity-related comorbidities. Statistical anal-
yses were performed with Statistica (Statsoft). All probabilities
were two sided with the degree of significance set at P � .05.

Results

Demographic and clinical characteristics of study
participants

Demographics, comorbidities, and metabolic/inflam-
matory characteristics of obese patients before bariatric
surgery are shown in Table 1. Circulating levels of inflam-
matory markers were comparable with levels reported ear-
lier in similar populations (1). Concentrations of hsCRP
significantly correlated with levels of hsIL-6 (R � 0.382,
P � .05) and leptin (R � 0.366, P � .05). In addition,
circulating concentrations of neopterin were significantly

Table 1. Characteristics of Study Participants

Average or
Proportion

Sample size, n 37
Age, y (SD) 39.4 (9.6)
Men, n (%) 9 (24.3)
Smoke, cigarettes/d (SD) 1.6 (4.1)
Weight, kg (SD) 113.7 (11.6)
BMI, kg/m2 (SD) 40.7 (3.5)
Obesity-associated comorbidities

Type 2 diabetes, n (%) 5 (13.5)
SAS, n (%) 17 (45.9)
Hypertension, n (%) 8 (21.6)
Hepatic steatosis, n (%)

Absent (Grade 0) 17 (46.0)
Mild-moderate (Grades 1–2) 11 (29.7)
Severe (Grade 3) 9 (24.3)

Circulating inflammatory markers
hsCRP, mg/L (SD) 5.5 (4)
hsIL-6, pg/mL (SD) 1.4 (0.7)
hsTNF-�, pg/mL (SD) 1.3 (0.7)
Leptin, ng/mL (SD) 54.6 (23.5)
Neopterin, nmol/L (SD) 6.4 (1.9)

Abbreviations: SAS, sleep apnea syndrome. Severity grades of hepatic
steatosis were determined by ultrasonography.
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correlated with levels of hsTNF-� (R � 0.365, P � .05).
Gene expressions of markers of inflammation and T cell
subpopulations in visceral adipose tissue are presented in
Figure 1.

Consistent with previous reports (29), associations
were found between inflammatory/immune markers and
anthropomorphic characteristics of patients. More pre-
cisely, circulating levels of leptin and hsCRP were posi-
tively associated with BMI (R � 0.361 and R � 0.365, P �
.05). Consistent with these data, gene expression of leptin
in the adipose tissue was positively associated with pa-
tients’ BMI (R � 0.374, P � .05). Moreover, a significant
association was found between gene expression of M2
macrophages (CD206) and BMI (R � 0.461, P � .01). In
addition, significant relationships were found between
obesity-related comorbidities and inflammatory/immune
markers. In particular, obese patients with type 2 diabetes
exhibited higher levels of circulating hsIL-6 (T � 2.6, P �
.05) as well as higher gene expression of IL-1ra (T � 2.7,
P � .05) in the adipose tissue. Higher adipose gene ex-
pressions of IL-1ra and leptin were also found in obese
patients with sleep apnea syndrome (T � 3.1, P � .01, and
T � 2.8, P � .01, respectively). Gene expression of T cell
subpopulations was higher in patients with hypertension
[T cells (CD3E) T � 2.6, P � .05], in particular cytotoxic
T cells (CD8A, T � 3.2, P � .01) and regulatory T cells

(FOXP3, T � 2.4, P � .05). Finally, hepatic steatosis was
associated with increased gene expression of IL-1� (F �

4.3, P � .05) and Th1 cells (TBX21, F � 4.2, P � .05).
Given the existing relationship between obesity-related
comorbidities and inflammatory/immune markers, sub-
sequent analyses on those markers were performed con-
trolling for the effect of comorbidities.

Relationship of circulating inflammatory markers
with gene expression of inflammatory and
immune cell markers in the adipose tissue

As shown in Table 2, higher circulating concentrations
of hsIL-6 were associated with an increased proportion of
Th1 cells in the visceral adipose tissue. An inverse rela-
tionship was found between circulating levels of hsTNF-�
and adipose IL-1ra mRNA, leptin mRNA, the antiinflam-
matory Th2 cell expression and proportion, and the an-
tiinflammatory M2 macrophage proportion. Moreover,
circulating concentrations of neopterin were inversely re-
lated to adipose gene expression of IL-1� and IL-6.

Relationship between gene expression of immune
cell subpopulations and inflammatory markers in
the adipose tissue

Overall, gene expressions (2�(�Ct) � 1000) of adipocy-
tokines were strongly correlated among each other. More
specifically, IL-1� gene expression was positively associ-
ated with mRNA levels of IL-6 mRNA (R � 0.622, P �

.001), TNF-� (R � 0.364, P � .05), IL-10 (R � 0.439, P �

.05), and MCP-1 (R � 0.760, P � .0001). Moreover, gene
expression of MCP-1 significantly correlated with IL-6
(R � 0.565, P � .001) and IL-10 (R � 0.518, P � .01)
mRNAs. Finally, IL-1ra mRNA was positively associated
with gene expression of leptin (R � 0.564, P � .001).

Significant relationships were measured between gene
expression of TNF-�, IL-1ra, IL-10, leptin, and immune
cell subpopulations in the adipose tissue (Table 3). More
specifically, higher gene expression of TNF-� correlated
with greater levels of markers of T cells and subpopulation
markers of cytotoxic, Th1, and regulatory T cells. In ad-
dition, increased gene expression of IL-1ra was related to
increased markers of T cells and subpopulation markers of
Th2 and regulatory T cells and related proportions. Both
gene expressions of TNF-� and IL-1ra were positively as-
sociated with markers of M1 macrophage expression and
proportions. Higher leptin mRNA was significantly re-
lated to increased levels of T cell markers, notably Th2 and
regulatory T cells, proportions of Th1 and T regulatory
cells, and with expression of M1 and M2 macrophages.
IL-10 mRNA correlated positively with gene expression of
macrophages and negatively with proportion of M2 mac-
rophages. Finally, IL-1� mRNA correlated negatively

A

B

Figure 1. mRNA levels (2�(�Ct) � 1000) of adipocytokine markers and
immune cell markers in the visceral adipose tissue of obese patients. A,
Adipocytokine markers. B, M1 and M2 macrophage markers and T cell
subpopulation markers. CD11B, Macrophage marker; CD11C, M1
macrophage marker; CD206, M2 macrophage marker; CD3E, T cell
marker; CD8A, cytotoxic T cell marker; TBX21, Th1 cell marker;
GATA3, Th2 cell marker; FOXP3, regulatory T cell marker.
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with proportion of Th1/Th2 cells. Apart from this asso-
ciation, IL-1� mRNA did not correlate with any other cell
subpopulation. No significant association was found be-
tween IL-6 or MCP-1 mRNA and immune cell markers.

Consistent with these data, a factor analysis indicated
that adipose immune/inflammatory markers loaded on
four distinct principal components/factors. The first fac-
tor (eigenvalue � 5.4, variance � 36%) was primarily
saturated by TNF-� mRNA and by markers of T cells
(CD3E) and subpopulations, in particular regulatory T
cells (FOXP3), cytotoxic T cells (CD8A), and Th1 cells
(TBX21). The second factor (eigenvalue � 2.7, variance �

17.9%) contained primarily IL-1ra and leptin mRNAs
and the subpopulations of Th2 cells (GATA3), M2 mac-
rophages (CD206), and to a lesser extent M1 macro-
phages (CD11C). The third factor (eigenvalue � 1.9, vari-
ance � 13%) was saturated by MCP-1, IL-1�, and IL-6
mRNAs. Finally, the last factor (eigenvalue � 1.6, vari-

ance � 10.5%) contained IL-10 mRNA and the marker of
macrophages, CD11B.

Associations between adipose and systematic
inflammation before bariatric surgery and surgery-
induced weight loss

Bariatric surgery was associated with a significant re-
duction in the weight (114.8 to 102.4 kg, T � 12.1, P �

.0001) and BMI (40.9 to 36.6 kg/m2, T � 13.3, P � .0001)
of patients at 1–3 months after surgery. As expected, this
reduction was even stronger after 6 months after surgery
(weight 114.4 to 79.9 kg, T � 18.9, P � .0001; BMI 40.6
to 28.2 kg/m2, T � 16.5, P � .0001). Regression analyses
indicated a significant association between the fourth im-
mune/inflammatory dimension (ie, IL-10 mRNA and
CD11B) and the magnitude of weight loss at 1–3 months
after surgery (Figure 2). More specifically, a higher ex-
pression of these markers before bariatric surgery pre-

Table 2. Association of Circulating Concentrations of Inflammatory Markers With Inflammatory Markers and
Immune Cell Gene Expression in the Visceral Adipose Tissue

Circulating Inflammatory Markers

hsCRP hsIL-6 hsTNF-� Leptin Neopterin

Adipose inflammatory markers
IL-6 �0.021 �0.187 �0.216 �0.052 �0.372a

IL-1ra �0.020 0.034 �0.487b 0.078 0.034
TNF-� 0.059 �0.039 �0.011 0.145 �0.038
IL-10 0.179 �0.053 0.080 0.188 �0.083
IL-1� 0.058 0.101 �0.207 0.212 �0.466b

Leptin �0.064 0.026 �0.384a 0.003 �0.253
MCP-1 0.062 0.072 �0.093 0.198 �0.339

Adipose T cell markers
CD3E (T cells) �0.085 �0.185 �0.045 �0.079 �0.003
CD8A (cytotoxic) �0.117 �0.118 0.058 �0.072 �0.022
TBX21 (Th1) 0.262 0.246 0.258 �0.061 0.219
GATA3 (Th2) �0.150 �0.203 �0.455a 0.035 �0.273
FOXP3 (reg.) �0.089 �0.078 �0.149 �0.101 �0.039

Proportions
CD8A/CD3E �0.189 0.202 0.246 �0.137 0.037
TBX21/CD3E 0.160 0.427a �0.001 �0.112 �0.029
GATA3/CD3E �0.131 �0.042 �0.468b 0.047 �0.204
FOXP3/CD3E �0.016 0.342 �0.261 �0.129 �0.056
TBX21/GATA3 0.262 0.246 0.258 �0.061 0.219
TBX21/FOXP3 0.075 0.008 0.202 �0.187 0.104

Adipose macrophage markers
CD11B (macr.) 0.216 �0.121 0.085 0.096 �0.234
CD11C (M1) �0.091 �0.018 �0.245 �0.119 �0.011
CD206 (M2) 0.008 �0.014 �0.305 0.039 �0.347

Proportions
CD11C/CD11B �0.125 0.088 �0.295 �0.162 0.103
CD206/CD11B �0.152 0.080 �0.517b �0.054 �0.245
CD11C/CD206 �0.099 �0.007 0.023 �0.186 0.238

Abbreviations: macr., macrophages; reg., regulatory. Pearson correlations controlling for obesity-related comorbidities (eg, type 2 diabetes, sleep
apnea syndrome, hypertension, and hepatic steatosis). Gene expression � 2�(�Ct) � 1000. Raw values for circulating hsIL-6, hsTNF-�, neopterin,
and leptin were log transformed because of nonnormality.
a P � .05.
b P � .01.
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dicted a lower re duction in BMI at 1–3 months after sur-
gery, reflected by �BMI [� � .451, 95% confidence
interval (CI) 0.075–0.827; P � .05] (Figure 2A). After
adjusting for time between surgery and follow-up and obe-
sity-related comorbidities, this relationship was still sig-
nificant (� � .367, 95% CI 0.013–0.722; P � .05) (Figure
2B), and, albeit not significant in the unadjusted model, a
new association was found between the second immune/
inflammatory dimension (ie, IL-1 mRNA, leptin mRNA,
and subpopulations of Th2 cells, M2 and M1 macro-
phages) and the magnitude of weight loss at 1–3 months
after surgery (� � �.434, 95% CI �0.851 to �0.018; P �
.05) (Figure 2, C and D). Precisely, a higher combined
expression of IL-1 mRNA, leptin mRNA, Th2 cells, and
M2 and M1 macrophages before bariatric surgery was
associated with a greater reduction in BMI at 1–3 months
after surgery. This association was also apparent at later
stages after surgery, ie, between 6 and 14 months after
surgery(���.428,95%CI�0.838to�0.018;P� .05)but
did not remain significant when adjusting for time between
surgery and follow-up and obesity-related comorbidities
(� � �.336, 95% CI �0.887 to 0.215; P � .2) (Figure 2, E
and F).

No significant association was found between circulat-
ing concentrations of inflammatory markers before sur-
gery and surgery-induced weight loss.

Discussion

Results from the present study are in line with recent data
suggesting the contribution of T cells, in addition to mac-
rophages, to the inflammatory state of the visceral adipose
tissue. In addition, our results indicate significant associ-
ations between the inflammatory state of the visceral ad-
ipose tissue and circulating levels of inflammatory mark-
ers in obese patients, supporting the notion that low-grade
inflammation in obesity relies, at least partially, on adi-
pose inflammation. Importantly, our results suggest that
adipose inflammation may contribute to the effect of bari-
atric surgery on weight loss because higher adipose in-
flammation was found to predict lower BMI reduction
after bariatric surgery, notably at early stages after
surgery.

Expressions of macrophage markers and cytokines
were related in the visceral adipose tissue (12, 13). Gene

Table 3. Relationship Between Gene Expressions of Inflammatory Markers and Immune Cell Subpopulations in the
Visceral Adipose Tissue of Obese Patients

Inflammatory Markers

IL-6 IL-1ra TNF-� IL-10 IL-1� Leptin MCP-1

T cell markers
CD3E (T cells) 0.083 �0.368a 0.683b �0.046 0.191 0.521c �0.028
CD8A (cytotoxic) 0.016 �0.125 0.654b 0.084 0.204 0.259 �0.019
TBX21 (Th1) 0.022 �0.013 0.449a �0.267 0.144 0.332 �0.157
GATA3 (Th2) 0.131 0.585c 0.331 �0.123 0.261 0.506c 0.039
FOXP3 (reg.) 0.100 0.451a 0.738b �0.144 0.255 0.559c �0.004

Proportions
CD8A/CD3E �0.050 �0.288 �0.310 0.076 �0.085 �0.323 0.023
TBX21/CD3E �0.064 �0.056 �0.219 �0.281 �0.124 0.035 �0.130
GATA3/CD3E 0.014 0.507c �0.113 �0.166 0.056 0.242 0.019
FOXP3/CD3E 0.049 0.427a 0.165 �0.322 0.116 0.388a �0.008
TBX21/GATA3 �0.268 �0.264 �0.109 �0.290 �0.356a �0.088 �0.248
TBX21/FOXP3 �0.172 �0.499c �0.262 �0.017 �0.204 �0.402a �0.079

Macrophage
markers
CD11B (macr.) �0.135 �0.097 �0.002 0.529c 0.067 0.186 �0.042
CD11C (M1) 0.042 0.592b 0.553c �0.184 0.156 0.564c �0.149
CD206 (M2) 0.078 0.254 0.116 0.040 0.135 0.776b �0.059

Proportions
CD11C/CD11B 0.098 0.580b 0.511c �0.355 0.115 0.382a �0.124
CD206/CD11B 0.179 0.387a 0.126 �0.393a 0.086 0.714b �0.039
CD11C/CD206 �0.078 0.335 0.499c �0.174 0.010 �0.035 �0.200

Abbreviations: macr., macrophages; reg., regulatory. Pearson correlations controlling for obesity-related comorbidities (eg, type 2 diabetes, sleep
apnea syndrome, hypertension, and hepatic steatosis). Gene expression � 2�(�Ct) � 1000.
a P � .05.
b P � .001.
c P � .01
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expressions of cytokines were also associated with mark-
ers of T cells, supporting previous findings suggesting the
involvement of T cells in addition to macrophages, in ad-
ipose inflammation (19–21). Significant associations
were found between IL-10 mRNA and macrophage mark-
ers. In addition, the M1 macrophage marker was associ-
ated with the inflammatory cytokine, TNF-�, and the an-
tiinflammatory cytokine, IL-1ra. Although surprising,
given that M1 macrophages are assumed to be proinflam-
matory, this result may reflect the existence of a mix pat-
tern of M1/M2 phenotype in the adipose tissue of obese

patients, as previously suggested (30). Together with IL-
1ra mRNA, leptin mRNA was associated with expression
of M2 and M1 macrophages. Leptin and IL1-ra mRNAs
were also associated with adipose expression of T cells,
notably Th2 cells. These results are in accordance with the
functional differentiation of lymphocytes, distinguishing
proinflammatory, cytotoxic, and Th1 from antiinflamma-
tory, Th2, lymphocytes (31). Moreover, the relationship
of adipose leptin with macrophage and T cell subpopula-
tion markers may reflect its ability to promote immune cell
recruitment in the adipose tissue (32, 33). Adipose gene
expression of TNF-� was associated with markers of T
cells and subpopulations, notably cytotoxic, Th1, and reg-
ulatory T cells. Whereas some studies have found a re-
duced adipose expression of regulatory T cells in obesity
(22), a recent report shows elevation in regulatory T cells,
explained as a compensatory response to inflammation, in
obese patients compared with lean subjects (23). Our find-
ing that regulatory T cells were associated with TNF-�
expression in the visceral adipose tissue is in line with this
notion.

The inflammatory factors, IL-6, IL-1�, and MCP-1
strongly correlated among each other in the visceral adi-
pose tissue, consistent with the notion that adipocytokines
function as part of an integrated network (34). These
markers were not associated with any specific macrophage
or T cell markers, suggesting that they may primarily orig-
inate from adipocytes. Whereas MCP-1 is produced pre-
dominantly by macrophages and endothelial cells, its ex-
pression by adipocytes has been clearly demonstrated
(35). MCP-1 is a chemotactic factor with a major role in
the instauration and maintenance of chronic inflamma-
tion inobesitybecause this factor contributes substantially
to macrophage infiltration into the adipose tissue but also
to insulin resistance and hepatic steatosis (36).

One important finding of this study is the demonstra-
tion of a significant relationship between the visceral in-
flammatory state of obese patients and the magnitude of
bariatric surgery-induced weight loss, notably at early
stages after surgery. In particular, higher gene expression
of IL-10 and M1 macrophages before bariatric surgery
was found to predict a lower reduction in the BMI of
patients at 1–3 months after surgery. Given that IL-10 is
an antiinflammatory cytokine produced in response to in-
flammatory cytokine production, its increased expression
in a context of increased M1 macrophage activation may
be the reflection of higher inflammatory processes. In ad-
dition, a higher combined expression of IL-1 mRNA, lep-
tin mRNA, Th2 cells, and M2 and M1 macrophages be-
fore bariatric surgery was found to predict a greater
reduction in BMI at 1–3 months after surgery. This asso-
ciation was still apparent, but to a lesser extent, at later

B

C D

E F

A

Figure 2. Relationships between adipose inflammation before
bariatric surgery and surgery-induced weight loss (�BMI). A,
Association of the immune/inflammatory dimension comprising of IL-
10 mRNA and CD11B before bariatric surgery (factor 4) with decreased
BMI at 1–3 months after surgery (simple regression: � � .451, P �
.05). B, Same association controlling for time between surgery and
follow-up and obesity-related comorbidities (multiple regression
analysis: � � .367, P � .05). C, Association of the
immune/inflammatory dimension comprising of IL-1 mRNA, leptin
mRNA, and subpopulations of Th2 cells and M2 and M1 macrophages
before bariatric surgery (factor 2) with decreased BMI at 1–3 months
after surgery (simple regression: � � �.297, P � .14). D, Same
association controlling for time between surgery and follow-up and
obesity-related comorbidities (multiple regression analysis: � � �.434,
P � .05). E, Association of the immune/inflammatory dimension
comprising of IL-1 mRNA, leptin mRNA, and subpopulations of Th2
cells and M2 and M1 macrophages before bariatric surgery (factor 2)
with decreased BMI at 6–14 months after surgery (simple regression:
� � �.428, P � .05). F, Same association controlling for time between
surgery and follow-up and obesity-related comorbidities (multiple
regression analysis: � � �.336, P � .2). F, Factor.
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stages after surgery, probably due to the additional in-
volvement of lifestyle factors, including change in diet and
exercise, with long-term effects on weight loss. Altogether
these results suggest that visceral adipose inflammation
may modulate the efficacy of bariatric surgery on weight
loss, with increased adipose inflammatory processes as-
sociating with a reduced efficacy/success of the interven-
tion. Identification of preoperative predictors of surgery-
induced weight loss is important to understand the
variability in the efficacy and success of bariatric surgery.
In addition to the already identified psychiatric and psy-
chological variables, findings from the present study re-
veal that biological factors may also be of particular rel-
evance. To our knowledge, this study is the first to show
that the basal inflammatory state of the visceral adipose
tissue may represent one of these biological predictors of
surgery-induced weight loss in obese patients. Comple-
mentary investigations on larger populations are needed
to further support this notion.

Consistent with the contribution of the adipose tissue
to low-grade inflammation in obesity (24, 25), the inflam-
matory state of the visceral adipose tissue was found to be
related to systemic inflammation in the present study. In
particular, significant relationships were found between
adipose proportions of inflammatory Th1 cells and circu-
lating concentrations of hsIL-6. In addition, markers of
antiinflammatory Th2 cells and M2 macrophages, along
with expression of leptin and IL-1ra, in the adipose tissue
were inversely related to circulating concentrations of
hsTNF-�, with lower expression of Th2 cells/M2 macro-
phages associating with higher levels of hsTNF-�. Taking
together, these data support the role of visceral adipose
inflammation in the instauration of the chronic systemic
inflammatory state that characterizes obesity. The nega-
tive relationship found between neopterin, a marker of
macrophage activation (26), and adipose gene expression
of IL-1� and IL-6 suggests that activated systemic immune
cells may, in turn, regulate inflammation in the adipose
tissue. No significant association was found between ex-
pressions of IL-6/TNF-� in the adipose tissue and circu-
lating levels of hsIL-6/hsTNF-�. Albeit surprising, this re-
sult may suggest that circulating concentrations of IL-6 or
TNF-� do not directly reflect the release of these cytokines
per se by the adipose tissue. This scenario is supported by
previous findings showing no association of blood levels
of IL-6 between the omental tissue and the peripheral cir-
culation (37). Moreover, no association was found be-
tween circulating leptin and its gene expression in the vis-
ceral adipose tissue, probably due to the fact that, in
contrast to cytokines (10), leptin is presumed to be se-
creted rather by subcutaneous than by visceral adipose
tissue (38).

Limitations of the present study include primarily the
small sample size. This limitation implies the need for fur-
ther investigations on larger populations of obese subjects
to comfort the present findings. Another limitation is that
evidence of adipose inflammatory immune processes relies
on adipose mRNA expression of cytokines and immune
cell markers and not to protein expression. It appears
therefore important to perform complementary investiga-
tions confronting the present data to protein expression of
inflammatory/immune markers in the visceral adipose
tissue.

In conclusion, results from the present study clearly
show that visceral adipose inflammation in obesity in-
volves macrophage and T cell activation and presents as-
sociations with systemic chronic low-grade inflammation.
In addition, the present findings indicate that visceral in-
flammatory state may contribute, at least partially, to the
efficacy of bariatric surgery-induced weight loss.

Acknowledgments

We thank Dr J. J. Peroua and Dr M. Salzmann-Lovato for their
help with patients’ recruitment and H. Beyer and J. Carrez for
their assistance in database management.

Address all correspondence and requests for reprints to:
Dr Lucile Capuron, Institut National de la Recherche
Agronomique, UMR 1286, Laboratory of Nutrition and In-
tegrative Neurobiology (NutriNeuro), University Victor Se-
galen Bordeaux 2, 146 Rue Léo Saignat, Bordeaux F-33076,
France. E-mail: lucile.capuron@bordeaux.inra.fr.

This work was supported by subventions from the Institut
National de la Recherche Agronomique, the European Commu-
nity (sixth framework program) (Grant IRG2006–039575, to
L.C.), and the French National Research Agency, ANR (Grant
ANR-11-JSV1–0006, to L.C.).

Disclosure Summary: The authors have nothing to disclose.

References

1. Bastard JP, Jardel C, Bruckert E, et al. Elevated levels of interleukin
6 are reduced in serum and subcutaneous adipose tissue of obese
women after weight loss. J Clin Endocrinol Metab. 2000;85:3338–
3342.

2. Visser M, Bouter LM, McQuillan GM, Wener MH, Harris TB.
Elevated C-reactive protein levels in overweight and obese adults.
JAMA. 1999;282:2131–2135.

3. Park HS, Park JY, Yu R. Relationship of obesity and visceral adi-
posity with serum concentrations of CRP, TNF-� and IL-6. Diabetes
Res Clin Pract. 2005;69:29–35.

4. Tarantino G, Pizza G, Colao A, et al. Hepatic steatosis in over-
weight/obese females: new screening method for those at risk. World
J Gastroenterol. 2009;15:5693–5699.

5. Tarantino G, Savastano S, Colao A. Hepatic steatosis, low-grade
chronic inflammation and hormone/growth factor/adipokine im-
balance. World J Gastroenterol. 2010;16:4773–4783.

6. Tarantino G, Finelli C. What about non-alcoholic fatty liver disease

E60 Lasselin et al Adipose Inflammation in Obesity J Clin Endocrinol Metab, January 2014, 99(1):E53–E61

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/99/1/E53/2836411 by guest on 23 April 2024

mailto:lucile.capuron@bordeaux.inra.fr


as a new criterion to define metabolic syndrome? World J Gastro-
enterol. 2013;19:3375–3384.

7. Forsythe LK, Wallace JM, Livingstone MB. Obesity and inflamma-
tion: the effects of weight loss. Nutr Res Rev. 2008;21:117–133.

8. Hotamisligil GS, Arner P, Caro JF, Atkinson RL, Spiegelman BM. In-
creased adipose tissue expression of tumor necrosis factor-� in human
obesity and insulin resistance. J Clin Invest. 1995;95:2409–2415.

9. Clement K, Viguerie N, Poitou C, et al. Weight loss regulates in-
flammation-related genes in white adipose tissue of obese subjects.
FASEB J. 2004;18:1657–1669.

10. Fain JN, Madan AK, Hiler ML, Cheema P, Bahouth SW. Comparison
of thereleaseofadipokinesbyadipose tissue,adipose tissuematrix,and
adipocytes from visceral and subcutaneous abdominal adipose tissues
of obese humans. Endocrinology. 2004;145:2273–2282.

11. Trayhurn P, Wood IS. Adipokines: inflammation and the pleiotro-
pic role of white adipose tissue. Br J Nutr. 2004;92:347–355.

12. Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel RL, Fer-
rante AW Jr. 2003 Obesity is associated with macrophage accumu-
lation in adipose tissue. J Clin Invest. 112:1796–1808.

13. Wellen KE, Hotamisligil GS. Obesity-induced inflammatory
changes in adipose tissue. J Clin Invest. 2003;112:1785–1788.

14. Lumeng CN, Bodzin JL, Saltiel AR. Obesity induces a phenotypic
switch in adipose tissue macrophage polarization. J Clin Invest.
2007;117:175–184.

15. Fujisaka S, Usui I, Bukhari A, et al. Regulatory mechanisms for
adipose tissue M1 and M2 macrophages in diet-induced obese mice.
Diabetes. 2009;58:2574–2582.

16. Cancello R, Henegar C, Viguerie N, et al. Reduction of macrophage
infiltration and chemoattractant gene expression changes in white
adipose tissue of morbidly obese subjects after surgery-induced
weight loss. Diabetes. 2005;54:2277–2286.

17. Aron-Wisnewsky J, Tordjman J, Poitou C, et al. Human adipose
tissue macrophages: M1 and M2 cell surface markers in subcuta-
neous and omental depots and after weight loss. J Clin Endocrinol
Metab. 2009;94:4619–4623.

18. Wu H, Ghosh S, Perrard XD, et al. T-cells accumulation and regulated
on activation, normal T cells expressed and secreted upregulation in
adipose tissue in obesity. Circulation. 2007;115:1029–1038.

19. Kintscher U, Hartge M, Hess K, et al. T-lymphocyte infiltration in
visceral adipose tissue: a primary event in adipose tissue inflamma-
tion and the development of obesity-mediated insulin resistance.
Arterioscler Thromb Vasc Biol. 2008;28:1304–1310.

20. Rausch ME, Weisberg S, Vardhana P, Tortoriello DV. Obesity in
C57BL/6J mice is characterized by adipose tissue hypoxia and cy-
totoxic T-cells infiltration. Int J Obes (Lond). 2008;32:451–463.

21. Nishimura S, Manabe I, Nagasaki M, et al. CD8	 effector T cells
contribute to macrophage recruitment and adipose tissue inflam-
mation in obesity. Nat Med. 2009;15:914–920.

22. Deiuliis J, Shah Z, Shah N, et al. Visceral adipose inflammation in

obesity is associated with critical alterations in t-regulatory cell num-
bers. PLoS One. 2011;6:e16376.

23. Zeyda M, Huber J, Prager G, Stulnig TM. Inflammation correlates
with markers of T-cells subsets including regulatory T cells in adi-
pose tissue from obese patients. Obesity (Silver Spring). 2011;19:
743–748.

24. Maachi M, Pieroni L, Bruckert E, et al. Systemic low-grade inflam-
mation is related to both circulating and adipose tissue TNF�, leptin
and IL-6 levels in obese women. Int J Obes Relat Metab Disord.
2004;28:993–997.

25. Fontana L, Eagon JC, Trujillo ME, Scherer PE, Klein S. Visceral fat
adipokine secretion is associated with systemic inflammation in
obese humans. Diabetes. 2007;56:1010–1013.

26. Murr C, Widner B, Wirleitner B, Fuchs D. Neopterin as a marker for
immune system activation. Curr Drug Metab. 2002;3:175–187.

27. Ledochowski M, Murr C, Widner B, Fuchs D. Association between
insulin resistance, body mass and neopterin concentrations. Clin
Chim Acta. 1999;282:115–123.

28. Lasselin J, Laye S, Dexpert S, et al. Fatigue symptoms relate to sys-
temic inflammation in patients with type 2 diabetes. Brain Behav
Immun. 2012;26:1211–1219.

29. Capuron L, Poitou C, Machaux-Tholliez D, et al. Relationship be-
tween adiposity, emotional status and eating behaviour in obese
women: role of inflammation. Psychol Med. 2010;41:1517–1528.

30. Zeyda M, Farmer D, Todoric J, et al. Human adipose tissue mac-
rophages are of an anti-inflammatory phenotype but capable of
excessive pro-inflammatory mediator production. Int J Obes
(Lond). 2007;31:1420–1428.

31. Romagnani S. Th1/Th2 cells. Inflamm Bowel Dis. 1999;5:285–294.
32. Curat CA, Miranville A, Sengenes C, et al. From blood monocytes

to adipose tissue-resident macrophages: induction of diapedesis by
human mature adipocytes. Diabetes. 2004;53:1285–1292.

33. Gruen ML, Hao M, Piston DW, Hasty AH. Leptin requires canon-
ical migratory signaling pathways for induction of monocyte and
macrophage chemotaxis. Am J Physiol Cell Physiol. 2007;293:
C1481–C1488.

34. Tilg H, Moschen AR. Adipocytokines: mediators linking adipose
tissue, inflammation and immunity. Nat Rev Immunol. 2006;6:
772–783.

35. Christiansen T, Richelsen B, Bruun JM. Monocyte chemoattractant
protein-1 is produced in isolated adipocytes, associated with adi-
posity and reduced after weight loss in morbid obese subjects. Int J
Obes (Lond). 2005;29:146–150.

36. Kanda H, Tateya S, Tamori Y, et al. MCP-1 contributes to macro-
phage infiltration into adipose tissue, insulin resistance, and hepatic
steatosis in obesity. J Clin Invest. 2006;116:1494–1505.

37. Tarantino G, Lobello R, Scopacasa Fet al. The contribution of
omental adipose tissue to adipokine concentrations in patients with
the metabolic syndrome. Clin Invest Med. 2007;30:E192–E199.

38. Van Harmelen V, Reynisdottir S, Eriksson P, et al. Leptin secretion
from subcutaneous and visceral adipose tissue in women. Diabetes.
1998;47:913–917.

Members can search for endocrinology conferences,  
meetings and webinars on the Worldwide Events Calendar.   

www.endocrine.org/calendar

doi: 10.1210/jc.2013-2673 jcem.endojournals.org E61

D
ow

nloaded from
 https://academ

ic.oup.com
/jcem

/article/99/1/E53/2836411 by guest on 23 April 2024


