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Summary
Objective: At present, circulating markers characteriz-
ing the inflammatory infiltration of white adipose tissue 
(WAT) in human obesity are not well known. We previ-
ously identified, by a pangenomic approach (microar-
rays), the urokinase plasminogen activator receptor 
(PLAUR or CD87) as a potential marker of subcutaneous 
adipose tissue macrophage infiltration (ATM). Method: 
We studied i) the presence of PLAUR protein in WAT; 
ii) the PLAUR amount in plasma of obese patients; iii) 
the circulating variations during surgery-induced weight 
loss, and iv) the correlations between PLAUR circulat-
ing levels and bioclinical parameters. Results: We ob-
served that PLAUR is preferentially expressed by infil-
trating ATMs, with a typical localization on macrophage 
membrane. Circulating soluble PLAUR levels were sig-
nificantly elevated in obese patients compared to lean 
controls. However, despite a trend towards a decrease 
3 months after weight loss, PLAUR plasma levels were 
not modulated during a 1-year weight loss follow-up, 
suggesting the contribution of secretion sites other 
than subcutaneous WAT in obese patients. Conclusions: 
These findings indicate that PLAUR mRNA expression 
could be used for the estimation of local subcutaneous 
ATMs infiltration in obese patients, but it cannot be used 
as a systemic marker of this inflammatory infiltration in 
dynamic phases of weight loss.

Introduction

Human obesity is associated with a ‘low-grade’ pro-inflamma-
tory profile [1] which can be improved by weight loss [2, 3]. 
White adipose tissue (WAT) could be defined by a typical his-
topathology and contributes to the low-grade inflammation 
associated with the obese state. In fact, obese WAT is charac-
terized by a variable degree of hypertrophy and hyperplasia 
of adipocytes, by the accumulation in adipose parenchyma of 
inflammatory cells as macrophages, and by increased fibrosis 
depots [4]. The existence of a link between WAT macro-
phages, BMI, body fat mass, and adipocyte hypertrophy was 
suggested [3]. Very recently a prominent role for other in-
flammatory cells as different types of T lymphocytes and mast 
cells in obese adipose tissue was suggested [5, 6]. Neverthe-
less, macrophages remain the most abundant inflammatory 
cells in obese WAT. 

The accumulation of adipose tissue macrophages (ATM) 
is usually quantified by morphometry (light microscopy of  
a WAT biopsy) [3] or by flow cytometry [7]. No systemic 
circulating markers of macrophage accumulation are known 
at present, and a WAT biopsy is still necessary for the esti-
mation of the macrophage amount. Using a previous hy-
pothesis-generating approach – i.e. pangenomic microarrays 
– in different data sets (i.e. comparison between WAT of 
obese subjects before and after weight loss, and between 
isolated adipocytes and stroma vascular fraction (SVF) 
cells) [3] we identified the urokinase plasminogen activator 
receptor gene (PLAUR) as being overexpressed in SVF 
cells as well as modulated by weight loss. In addition, we 
observed an overexpression of the PLAUR gene in a previ-
ously published study focused on the prediction of SVF cells 
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derived secretome [8], showing that PLAUR is upregulated 
only in early stages of adipogenesis in vitro and principally 
by SVF cells.

The aim of the present study is to assess the relevance of 
PLAUR as a potential circulating marker of macrophage 
accumulation in obese WAT. The PLAUR (also known as 
CD87) is a 55-kD glycoprotein anchored to the plasma 
membrane that promotes cellular migration through several 
mechanisms, one of which involves its ability to amplify and 
focus the expression of urokinase plasminogen activator 
(uPA) activity to discrete sites of the cell surface [9, 10]. In 
addition, PLAUR mediates cellular adhesion to vitronectin 
[11], promotes integrin-dependent migration [12], and initi-
ates intracellular signalling events [9, 13]. Even a modest in-
crease in PLAUR expression appears to be biologically sig-
nificant, because small changes in surface PLAUR binding 
correlate with the ability of monocytes to penetrate stromal 
tissue, a well known uPA-dependent process. Thus PLAUR 
may be a multifunctional receptor, not only involved in pro-
moting pericellular proteolysis but also involved in integrin-
mediated cell adhesion [12] and migration via interaction 
with vitronectin [11, 14]. It has been implicated in intracel-
lular signalling, cellular differentiation, growth, and chemo-
taxis via a mechanism independent of the enzymatic activity 
of uPA but dependent on receptor occupancy [15]. Al-
though expression and manipulation of PLAUR gene func-
tion have been directly correlated with cellular migration in 
vitro and with primary tumour growth, tumour-associated 
neovascularization and metastasis in vivo [16–18] as well as 
rheumatic [19] and haematological disorders [20], it still re-
mains to be determined whether receptor binding of uPA 
could be required during other (patho-) biological processes 
in vivo. Pedersen et al. [21] identified a soluble form of 
PLAUR (sPLAUR) in ascitic fluid, and circulating PLAUR 
was also detected in the serum of patients with ovarian can-
cer [22]. The urokinase plasminogen activator dependent 
proteolytic cascade, as well as the ligand activation of 
PLAUR is critically involved in physiological as well as 
pathophysiological aspects of tissue expansion and remodel-
ling [10, 23]. 

Since the presence of the soluble form of PLAUR in obese 
patient plasma could correlate with macrophage accumulation 
in their subcutaneous adipose tissue, PLAUR plasma quanti-
fication could be useful to estimate the inflammatory infiltra-
tion in subcutaneous WAT, avoiding a surgical biopsy. To 
 investigate this hypothesis, we tested: i) the upregulation of 
the PLAUR gene in subcutaneous WAT of morbidly obese 
patients by RTqPCR; ii) the presence of PLAUR protein in 
ATM by immunohistochemistry (IHC); iii) the circulating 
PLAUR protein content in obese patient compared to lean 
control plasma; iv) the correlations between PLAUR plasma 
levels, ATM percentage in subcutaneous WAT, and bio-clini-
cal parameters; and v) the plasma PLAUR variations during  
1 year of surgery-induced weight loss. 

Material and Methods

Patients and Study Design
Sixteen morbidly obese women involved in a gastric surgery program were 
recruited at the Department of Nutrition of Pitié-Salpêtrière Hospital 
(Paris, France). Clinical and biological parameters are shown in table 1. All 
enrolled patients underwent laparoscopic Roux-en-Y gastric bypass surgery. 
Preoperative investigations included medical history, and physical, nutri-
tional, cardiopulmonary and psychological evaluations. Obese subjects had 
been weight stable at least for 3 months before surgery. All patients met the 
criteria for obesity surgery, i.e. BMI ≥ 40 kg/m2 or ≥ 35 kg/m2 with at least 
one significant co-morbidity (hypertension, type 2 diabetes or dyslipidae-
mia). The evidence of acute or chronic inflammatory disease, infectious dis-
eases, and cancer were stated as exclusion criteria. Lean controls (7 healthy 
normal weight female; BMI: 21.95 ± 0.83 kg/m2; age: 34 ± 2.25 years; adi-
pocyte size 62.4 ± 2.28 μm; mean ± standard error (SE)) were patients un-
dergoing surgery for aesthetic reasons. The Ethics Committees of the Pitié-
Salpêtrière Hospital, Paris, France approved the clinical investigations, and 
all subjects gave signed informed consent after an individual explanation.

Immuno-Morphological Analysis of Adipose Tissue
Periumbilical subcutaneous abdominal WAT surgical biopsies were the 
same as collected and used for a previous study [3]. A portion of each 
WAT biopsy was immediately transferred into liquid nitrogen until total 
RNA extraction. Another fragment of the same sample was fixed over-
night at 4 °C in 4% paraformaldehyde and then processed for standard 
paraffin embedding procedure. Sections of 5 μm were stained as de-
scribed below and observed under a Zeiss 20 Axiostar Plus microscope 
(Zeiss, Jena, Germany). Pictures of histological sections were captured by 
a digital camera (TriCCD, Sony, Paris, France). Immunohistochemical 
detection of HAM56 (1:200; Dako Cytomation, Trappes, France) and 
CD68 (1:100, Santa Cruz Biotechnologies, Heidelberg, Germany) were 

Number of patients 16

Sex (female/male) 16/0

Age, years 38.5 ± 2.8

BMI, kg/m2 47.2 ± 1.8

Glucose homeostasis
Glucose, mmol/l 5.54 ± 0.38
Insulin, μU/ml 11.7 ± 2.3
QUICKI 0.34

Lipid homeostasis
Cholesterol, mmol/l 5.2 ± 0.2
HDL-cholesterol, mmol/l 1.34 ± 0.1
Triglycerides, mmol/l 1.32 ± 0.1

Adipokines
Leptin, ng/ml 64.5 ± 6.6
Adiponectin, μg/ml 7.6 ± 0.5

Inflammatory factors
TNF-α, pg/ml 1.7 ± 0.1
IL-6, pg/ml 2.8 ± 0.4
hsCRP, mg/dl 1.4 ± 0.2
Orosomucoid, g/l 1.01± 0.03

Subcutaneous WAT morphometry
Adipocyte mean size, μm 93.1 ± 3.2
Macrophage infiltration, % 18.8 ± 3.7

Table 1. Clinical and 
biological parameters 
of 16 morbidly obese 
studied subjects 
(mean ± SE) 
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in TBS-TC for 20 min at room temperature. Standard streptavidin-biotin-
peroxidase complex method was applied using a commercially available 
kit (ABCYS Biospa, Milan, Italy), and the staining was visualized using 
diaminobenzidine (Dako Cytomation). Slides were counterstained with 
Mayer’s haematoxylin. Method specificity tests were performed by omis-
sion of primary antibodies and/or use of pre-immune serum. 

Total RNA Extraction, Real Time Quantitative PCR (RTqPCR), and 
Microarrays
Total RNA from subcutaneous WAT (sWAT), both from obese (n = 16) 
and lean (n = 7) subjects, was prepared using the RNeasy Mini Kit (Qia-

performed for macrophage counting as previously described [3]. Immu-
nohistochemical detection of PLAUR (R and D Systems, Lille, France) 
was performed with the avidin-biotin peroxidase method [24]. Briefly, de-
waxed sections were processed through the following incubation steps: i) 
antigen unmasking by 750 W microwave washing in a solution of citrate 
buffer 10 mmol/l, pH 6.0, three times for 5 min each; ii) hydrogen perox-
ide 3% in water for 15 min to block endogenous peroxidases; iii) Tris-
Buffered Saline/Tween 20/Casein 0.02M solution (TBS-TC) washing for  
5 min; iv) incubation with polyclonal goat anti-human PLAUR antibody 
diluted 1:50 in TBS-TC overnight at 4 °C; v) incubation with multilink 
anti-goat biotinylated immunoglobulins (Dako Cytomation) diluted 1:200 

Fig. 1. a PLAUR 
mRNA (grey blocks) 
and PAI-1 mRNA 
(dark blocks) expres-
sion (normalized on 
18S expression and 
expressed as AU in 
obese (OB, n = 16) 
versus lean controls 
(C, n = 7). ** p value 
< 0.01 OB versus C.  
b Correlations be-
tween macrophage 
content (%) and 
PLAUR gene expres-
sion (by RTqPCR, 
AU) in obese sWAT 
at basal condition 
(T0, n = 16) (left 
panel) and between 
the variation of 
sWAT macrophage 
content (delta sWAT 
macrophage content 
3M/T0, %) and the 
variation of PLAUR 
expression levels by 
microarrays (delta 
ratio before/after 
 surgery (3M/T0, AU, 
n = 10) (right panel).  
c PLAUR, tPA, and 
uPA gene expres- 
sion (by RTqPCR), 
normalized on 18S 
expression, in obese 
patients regrouped by 
the median of mac- 
rophage content (%) 
in sWAT. Patients 
with a high degree of 
infiltration (OB-High, 
black blocks, n = 8)  
and patients with 
lower macrophage 
 infiltration levels  
(OB-Low, grey blocks, 
n = 8) are shown;  
AU = arbitrary units; 
*p value < 0.05 OB-
High versus OB-Low.  
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gen, Courtaboeuf, France) following manufacturer instructions. Total 
RNA was also extracted from SVF cells, preadipocytes, adipocytes, and 
ATMs isolated from sWAT of 5 additional obese patients (female, age 
46.2 ± 5.5 years; BMI 45 ± 6.7 Kg/m2; mean ± SD), as previously described 
[3]. Reverse transcription and real-time quantitative polymerase chain re-
action (RTqPCR) were performed as described in [25]. We used 18S ri-
bosomal RNA (rRNA Control TaqMan Assay kit; Applied Biosystems, 
Foster City, CA, USA) to normalize gene expression; primers for 
PLAUR, plasminogen activator inhibitor-1 (PAI-1), tissue plasminogen 
activator (tPA) and urokinase plasminogen activator (uPA) mRNA were 
obtained from Applied Biosystems. These probes were labelled with a 
reporter dye (FAM) on the 5'-end. The relative gene expression quanti-
fication was calculated by the delta-CT method. We used sWAT total 
RNA of a subset of 10 obese subjects (of the collected 16) to perform 
microarray tests before (T0) versus 3 months (3M) after bariatric surgery 
intervention, as previously described [3].

Laboratory Tests
Blood samples were collected after an overnight fasting of 12 h. Glycae-
mia was measured enzymatically. Serum insulin concentrations were 
measured using a commercial IRMA kit (Bi-INSULINE IRMA, CisBio 
International, Bagnols-sur-Cèze, France). Serum leptin and adiponectin 
were determined using a radioimmunoassay kit from Linco Research 
(Saint Louis, MI, USA) according to the manufacturer’s recommenda-
tions. The sensitivity of these assays was 0.5 ng/ml and 0.8 ng/ml for leptin 
and adiponectin, respectively. Serums levels of interleukin 6 (IL-6) were 
measured by an ultrasensitive ELISA system (Quantikine US, R and D 
System Europe Ltd., Abington, UK). The sensitivity of this assay was 
<0.104 pg/ml. PLAUR plasmatic levels were systematically measured 
from obese patient serum before (T0) and 3 (3M), 6 (6M), and 12 (12M) 
months after surgery (lap-banding or bypass). An ELISA test (Hu-
PLAUR, Quantikine High Sensivity, R and D System Europe Ltd.) was 
used following manufacturer instructions. Plasma samples from 7 women 
affected by ovary cancer (BMI ≤ 25 kg/m2) and from 7 lean healthy 
 non-obese women (BMI ≤ 26 kg/m2) were used as positive and negative 
 controls, respectively.

Statistical Analysis
Data are expressed as mean ± SE. The Shapiro-Wilcoxon test was used to 
test the Gaussian distribution of all clinical and biological parameters. 
Skewed variables were log-transformed to normalize their distribution 
before statistical analyses. The normality of log-transformed variables 
was systematically tested. Relationships between PLAUR plasma levels 
and quantitative clinical and biological variables were explored by logistic 
regression (Spearman’s Rho or Pearson R). Analysis of variance 
(ANOVA) was used for quantitative traits. Statistical analysis was per-
formed with JMP statistics software (SAS Institute Inc., Cary, NC, USA). 
A p value < 0.05 was considered significant.

Results

PLAUR Gene Expression in Subcutaneous WAT is Associated 
with Adipose Tissue Macrophage Amount
We first examined the gene expression level of PLAUR in 
sWAT of obese vs. lean controls. As shown in figure 1a, 
PLAUR was significantly more expressed in sWAT of obese 
subjects (p = 0.0041) compared to lean controls (C). As ex-
pected, also the gene expression of the PAI-1 (a PLAUR- 
specific adipocyte-derived antagonist) was up-regulated in  
the sWAT of our obese subjects (fig. 1a). We then checked 
whether PLAUR gene expression was correlated with the 

Fig. 2. a PLAUR gene expression (by RTqPCR) in mature adipocytes 
(A), in the adipose tissue stroma vascular fraction cells (SVF), in isolated 
preadipocytes (PA) and in isolated adipose tissue macrophages (ATM) 
of obese subjects (n = 5). PLAUR expression values were normalized on 
18S expression levels and indicated as arbitrary units (AU); ** p value 
< 0.01 ATM versus A, SVF and PA. b Detection of PLAUR protein in 
subcutaneous WAT by immunohistochemistry. PLAUR immunopositiv-
ity concentrated on adipose tissue macrophage surface (×40) in obese 
subjects at baseline (T0) (enlarged in the inset, ×60). c Three months 
after surgery-induced weight loss (3M), the resting isolated macrophages 
showed a cytoplasm staining (×60).
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two subgroups based on the median value of macrophage 
 accumulation percentage in sWAT: one group (n = 8) had a 
macrophage accumulation percentage above the median of 
the ATM percentage distribution (indicated as OB-High, 
17 ± 1.2%, mean ATM% ± SE) and the other group (n = 8) 
had macrophage accumulation percentage below the median 
of the distribution (OB-Low, 9.4 ± 1.4%, mean ATM% ± SE). 
We then observed that PLAUR and tissue type tPA genes 
were significantly upregulated in sWAT of the OB-High 
group (p = 0.03, fig. 1c). The expression of the urokinase plas-
minogen activator (uPA) gene was not significantly different 
in the two groups, despite an upregulating trend in OB-High 
group (fig. 1c).

PLAUR is Preferentially Expressed by Infiltrating ATMs
We have previously shown that PLAUR gene is overex-
pressed in the SVF cells of human sWAT and it is modulated 
during weight loss [3]. Since SVF cells are a heterogeneous 
pool of different cell types, we decided to study the PLAUR 
gene expression in SVF cells compared to isolated preadi-
pocytes, to isolated mature adipocytes and to ATM by 
RTqPCR. We observed that the PLAUR gene is significantly 
overexpressed only in ATM (p = 0.0047) (fig. 2a). We then 
performed an immunohistochemical study to detect the cell 
types expressing the PLAUR protein in obese subcutaneous 
WAT. Before the surgery (our basal condition, T0), the im-
munopositivity signal was detected only in ATMs of subcuta-
neous WAT. All mature adipocytes tested negative. Interest-
ingly, the immuno-positivity pattern of staining was concen-
trated on the macrophage cell membranes, rather that the 
 cytoplasm area. This feature was clearly visible in the mem-
branes of macrophages surrounding mature adipocytes (fig. 
2b). After 3 months weight loss (3M), we previously showed 
that the macrophage content decreased in this subject group 
[3]. We now show that the remaining ATMs tested positive 
for PLAUR immuno-staining, but the positivity was mainly 
cytoplasmic, rather than on the cell surface membranes, as at 
T0 (fig. 2c). 

Plasma Levels of Soluble PLAUR are Upregulated in Human 
Obesity and Correlate with Metabolic Parameters but not with 
Macrophage Accumulation in WAT
The circulating levels of soluble PLAUR in obese and non-
obese subjects were tested and then the relationships between 
PLAUR circulating levels, various metabolic and inflamma-
tory parameters, and macrophage accumulation in obese sub-
jects were assessed. The total amount of soluble PLAUR pro-
tein was significantly higher in obese subjects (p < 0.05) com-
pared to lean controls (mean ± SE: 3,295.9 ± 210.83 vs. 2,675.9 
± 59.28 pg/ml, p < 0.05) (fig. 3a). However, the circulating lev-
els of PLAUR were significantly lower in obese subjects com-
pared to the levels observed in ovarian cancer patients (used 
as positive controls) (fig. 3a). At baseline, soluble PLAUR 
circulating levels were positively correlated with the circulat-

Fig. 3. a Detection of soluble PLAUR protein (pg/ml) in serum of ovar-
ian cancer patients (Cancer, n = 7), of lean controls (C, n = 7) and of 
obese patients (OB, n = 16) by ELISA assay; **p value < 0.01. b Nega-
tive significant correlation (Rho= –0.66, p < 0.01) between adiponectin 
circulating levels (μg/ml) and soluble PLAUR circulating levels (pg/ml) in 
obese patients (n = 16) at basal state.

change in sWAT macrophages before and after weight loss. 
We observed that PLAUR gene expression in sWAT (before 
surgery, T0) positively correlated with macrophage accumula-
tion percentage (before surgery, T0) in weight stable morbidly 
obese subjects (R = 0.35, p < 0.05) (fig. 1 b, left panel). More-
over, by the microarrays analysis of sWAT, in a subset of 10 
patients from the 16 collected, we observed a 60% decrease in 
PLAUR gene expression in sWAT 3 months after bariatric 
surgery, with a parallel decrease in macrophage content (%). 
This change in gene expression correlated significantly with 
the change in percentage of sWAT macrophages 3 months 
after surgery (delta 3M/T0) (Spearman’s Rho = 0.86, p = 
0.0009) (fig. 1b, right panel). We then divided the patients in 
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levels and the percentage of macrophage accumulation meas-
ured in the adipose tissue parenchyma after weight loss (3M), 
nor with 3M adipocyte hypertrophy.

Discussion

The discovery of macrophage accumulation in human WAT 
has challenged the identification of local and circulating mark-
ers reflecting this type of inflammatory cell accumulation. We 

ing levels of fasting insulin (Rho = 0.59, p = 0.01) and HOMA 
index (Rho = 0.48, p = 0.05) and negatively with the QUICKI 
index (Spearman’s Rho = –0.48, p = 0.04). A negative correla-
tion was also found between serum adiponectin levels and 
soluble PLAUR basal levels (Spearman’s Rho = –0.66, p = 
0.005) (fig. 3b). Inflammatory circulating parameters (such as 
IL-6, TNF-α, orosomucoid, SAA, hsCRP) and other meta-
bolic parameters (such as leptin, triglycerides, total choles-
terol) did not correlate with plasma PLAUR levels. In addi-
tion, no correlation was found between circulating PLAUR 
levels and the percentage of macrophage accumulation meas-
ured in the adipose tissue parenchyma, nor with adipocyte 
hypertrophy in the basal condition (T0).

Effect of Weight Loss on PLAUR Plasma Levels
The table 2 shows changes in clinical, metabolic, and biologi-
cal parameters, as well as in the inflammatory profile in the 16 
obese women before (T0), 3 months (3M), 6 months (6M), 
and 1 year (12M) after gastric surgery. The surgery-induced 
weight loss was associated, as expected, with a significant de-
crease in BMI and fat mass, and with a significant improve-
ment in glucose, lipid and inflammatory parameters (table 2). 
The PLAUR circulating levels significantly decreased only 
3M after weight loss (fig. 4), but after 6M and 12M no signifi-
cant changes were observed compared to the baseline levels. 
However, in the studied cohort, the metabolic and inflamma-
tory parameters continued to improve, as well as inflamma-
tion of adipose tissue and adipocyte hypertrophy (table 2). 
We did not find a correlation between circulating PLAUR 

Basal (T0) Weight loss follow-up

3 months 6 months 12months

Adipocyte mean size, μm 93.1 ± 3.2 82.3 ± 5.5a – –

ATM, % 18.8 ± 3.7 14.1 ± 3.3a – –

Glucose homeostasis
BMI, kg/m2 47.2 ± 1.8 39.9 ± 1.3a 37.7 ± 1.5a 33.6 ± 1.3a

Glucose, mmol/l 5.54 ± 0.4 5.2 ± 0.02a 5.1 ± 0.03a 4.8 ± 0.02a

Insulin, μU/ml 11.7 ± 2.3 6.6 ± 0.76a 5.8 ± 0.57a 4.5 ± 0.59a

Lipid homeostasis
Cholesterol, mmol/l 5.2 ± 0.2 4.9 ± 0.2 5.2 ± 0.2 5.01 ± 0.2
HDL-cholesterol, mmol/l 1.3 ± 0.1 1.3 ± 0.1 1.4 ± 0.1 1.7 ± 0.1a

Triglycerides, mmol/l 1.3 ± 0.1 1.1 ± 0.1 1.2 ± 0.1 0.9 ± 0.1a

Adipokines
Leptin, ng/ml 64.5 ± 6.6 36.1 ± 3.9a 29.9 ± 3.8a 26.3 ± 3.4a

Adiponectin, μg/ml 7.6 ± 0.5 8.9 ± 0.8a 9.4 ± 0.7a 12.3 ± 0.8a

Inflammatory factors
TNF-α, pg/ml 1.7 ± 0.1 1.8 ± 0.1 1.6 ± 0.1 1.4 ± 0.1a

IL-6, pg/ml 2.8 ± 0.4 2.3 ± 0.3a 1.7 ± 0.1a 0.97 ± 0.1a

hsCRP, mg/dl 1.4 ± 0.2 0.7 ± 0.1a 0.4 ± 0.1a 0.2 ± 0.1a

Orosomucoid, g/l 1.01 ± 0.03 0.9 ± 0.04 0.8 ± 0.03a 0.7 ± 0.03a

ap value < 0.05 versus basal (T0).

Table 2. Clinical and biological parameters 
(mean ± SE) of 16 morbidly obese female sub-
jects in basal state (basal (T0)) and 3, 6 and 12 
months after surgical induced weight loss 

Fig. 4. Detection of circulating PLAUR protein levels (pg/ml) in basal 
condition (T0) and 3 months (3M), 6 months (6M), 1 year (12M) after 
surgically induced weight loss (n = 16); **p value < 0.01.
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sis [35]. Further cellular studies are certainly needed to clarify 
these mechanisms. 

A significant correlation between circulating PLAUR 
 levels and HOMA index as well as with fasting insulin levels 
was observed. It is still not clear, at present, whether ATMs 
content and insulin resistance are causally related in humans. 
It remains possible that ATMs represent a marker, rather 
than a cause, of insulin resistance, and perhaps macrophages 
impair systemic insulin sensitivity through some other mecha-
nisms and/or probably by soluble factors secreted by macro-
phages that act locally or systemically. Soluble PLAUR is 
 increased in several types of cancer and we show here their 
significant increase also in obesity, compared to lean control 
plasma. Recently, an in vitro induction of uPA/PLAUR by 
insulin-like growth factor-I (IGF-I) in mice has been shown 
[36]. Nevertheless, data on PLAUR signalling pathways and 
insulin effects in humans are still lacking. The significant neg-
ative correlation found between serum adiponectin and solu-
ble PLAUR could suggest that adiponectin may have a role in 
macrophage polarization regulation, favouring an anti-inflam-
matory phenotype in infiltrating macrophages as well in cir-
culating monocytes [37]. 

In our studied cohort, soluble PLAUR levels show an in-
teresting pattern with a first drop 3 months after surgery and a 
return to its initial levels 6 and 12 months after bariatric sur-
gery intervention. Body fat mass, insulin sensitivity, and other 
metabolic parameters continue to improve at these same 
time-points. In these patients, adipose tissue samples were not 
available at longer follow-up times (6 and 12 months), and the 
profile of macrophage evolution cannot then be defined. Fi-
nally, we cannot conclude about the adipose tissue contribu-
tion on circulating PLAUR levels. A longer follow-up is cer-
tainly necessary to clarify the circulating levels, with concomi-
tant analysis of the PLAUR pattern in adipose tissue and 
serum. 

This study has been performed on a limited sample of 16 
obese patients. It would be interesting to refine our results by 
considering a larger cohort of obese patients. Moreover, our 
sample consisted only of women, and we cannot exclude a 
gender effect on adipose tissue PLAUR expression. A similar 
analysis in a population of obese men could eventually reveal 
sex differences in PLAUR expression as well as in PLAUR 
circulating levels. However, the present results suggest the in-
fluence of calorie intake changes in PLAUR serum regulation 
on the one hand and on the other hand that several tissues 
may contribute to the secretion of this factor in plasma of 
obese women. A post-transcriptional regulation of PLAUR 
protein cannot be excluded in infiltrating ATMs, since this 
regulating pathway was already demonstrated in mice and in 
human bronchial epithelial cells under lipopolysaccharide 
stimulation [38]. The specific role of PLAUR in the modula-
tion of adipose tissue inflammation, as well as the clinical sig-
nificance of PLAUR increased circulating levels in morbidly 
obese patients, remains to be elucidated.

showed here that increased gene expression of PLAUR, as-
sessed by RTqPCR, in morbidly obese subjects correlates 
with the amount of macrophage accumulation in subcutane-
ous WAT. In addition, separating the different cellular frac-
tions that compose the SVF, we demonstrated that PLAUR is 
selectively overexpressed in macrophages that infiltrate adi-
pose tissue. In the immunohistochemistry experiments, adi-
pocytes tested negative, suggesting that PLAUR could be a 
useful marker for macrophage detection in human WAT. The 
expression of PLAUR on the macrophage membrane surface 
may indicate an activated phenotype [26], and it was never 
shown before in infiltrating adipose tissue macrophages. Fur-
ther studies are needed to asses whether the observed 
PLAUR immuno-staining is a peculiar characteristic of mac-
rophages resident in adipose tissue or a generic feature of a 
pro-inflammatory state. While PLAUR stains positive mostly 
on the macrophage membrane before surgery, our data show 
an unsuspected involvement of PLAUR since their mem-
brane expression was not detectable in isolated resting macro-
phage in subcutaneous WAT 3 months after weight loss. We 
observed rather a cytoplasm positivity in WAT dispersed 
macrophages after weight loss (3M). Since calorie restriction 
and fat mass loss are able to modulate the inflammatory pro-
file of adipose tissue, it is possible that this phenomenon is 
able to affect the fine regulation of PLAUR migration to the 
cell membrane. Further studies are required to test this hy-
pothesis. Although we cannot exclude that PLAUR is ex-
pressed in other cells of the stroma vascular fraction, the pref-
erential staining of PLAUR in WAT macrophages is in good 
agreement with previous studies in which PLAUR was de-
tected in vitro on human monocytes and in vivo on tumour-
associated macrophages of different tumour types [27–29]. 
The receptor bound uPA on macrophage cell surface could 
play a role in extracellular matrix degradation for macro-
phage migration and enhancing of tumour invasion [29]. In 
obesity, adipose tissue contains a dramatically increased 
number of macrophages, and in some circumstances macro-
phages can constitute up to 40% of the cell population within 
an adipose tissue depot [30, 31]. Macrophages are obviously  
a potential source of secreted pro-inflammatory and anti- 
inflammatory factors [31]. At present, the mechanism of mac-
rophage recruitment in adipose tissue has not been defined, 
but it presumably involves increased secretion of chemotactic 
molecules by adipose tissue. Amongst others, candidates are 
C-C motif chemokine ligand 2 (CCL2; also known as mono-
cyte chemoattractant protein-1) [32] and CCL5 [33]. A macro-
phage secretion of uPA or tPA sustaining this phenomenon 
cannot be excluded. In vivo studies have indicated that 
PLAUR is an integral element of the immune response and 
chemotaxis, since a dramatic reduction of inflammatory cells 
migration in infected PLAUR–/– mice was observed [34]. The 
molecular regulation of the expression and membrane migra-
tion of this receptor may modulate their chemoattractant 
functions, as well as their role in extracellular matrix proteoly-
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expression levels of the PLAUR gene could then be useful to 
estimate sWAT macrophage infiltration, but PLAUR circulat-
ing levels cannot be used as a systemic marker of ATMs.
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In conclusion, it is shown here that ATMs in obese patients 
express PLAUR and that only mRNA expression levels are in 
correlation with the percentage of macrophage infiltration in 
subcutaneous WAT. In obese subject serum, the soluble re-
ceptor is increased compared to lean controls, therefore the 
detected amount did not correlate with ATMs estimation, sug-
gesting other different secretion sites and/or a possible post-
transcriptional regulation of this secreted protein. The RNA 
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