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  Abstract 
 The aim of this study was to characterize expression profi les of visceral and subcutaneous adipose tissue in children. 
Adipose tissue samples were collected from children having elective surgery ( n   �  71, [54 boys], 6.0  �  4.3 years). Affymetrix 
microarrays ( n   �  20) were performed to characterize the functional profi le and identify genes of interest in adipose tissue. 
Visceral adipose tissue had an overrepresentation of Gene Ontology themes related to immune and infl ammatory responses 
and subcutaneous adipose tissue had an overrepresentation of themes related to adipocyte growth and development. 
Likewise, qPCR performed in the whole cohort showed a 30-fold increase in haptoglobin ( P   �  0.005), 7-fold increase in 
IL-10 ( P   �  0.001), 8-fold decrease in VEGF ( P   �  0.01) and a 28-fold decrease in TBOX15 ( P   �  0.001) in visceral 
compared to subcutaneous adipose tissue. The infl ammatory pattern in visceral adipose tissue may represent an early stage 
of the adverse effects of this depot, and combined with chronic obesity, may contribute to increased metabolic and 
cardiovascular risk.  

  Key words:   Infl ammation  ,   visceral  ,   adipose tissue  ,   children   
   White adipose tissue from obese adults is characterized 
by immune cell accumulation and increased infl am-
matory mediators (1). Visceral and subcutaneous 
adipose tissue depots have distinct infl ammatory 
profi les (2 – 4), with explants from visceral adipose 
tissue secreting increased amounts of infl ammatory 
mediators including IL-6, IL-8 and plasminogen 
activator inhibitor 1 as compared to subcutaneous 
adipose tissue (5). The infl ammatory milieu, par-
ticularly in visceral adipose tissue, may promote 
the pathogenesis of insulin resistance and type 2 
diabetes. 

 Although adipose tissue gene profi les are extensively 
studied in adults (6 – 8), there have been few studies 
in children (9 – 12). Li et al. found lower adiponectin 
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mRNA levels in visceral compared to subcutaneous 
fat in overweight children, a difference also seen in 
adults (13). This is similar to fi ndings by Sabin et al. 
in 12 lean prepubertal children (10). Sbarbati et al. 
reported evidence of macrophages, lymphocytes and 
granulocytes in subcutaneous adipose tissue in 19 
obese prepubertal children (11). Together these fi nd-
ings suggest that infl ammation exists in adipose tissue 
in children as early as pre-puberty. The aims of the cur-
rent study were to examine infl ammation gene expres-
sion in adipose tissue in 71 children, and determine 
potential associations between infl ammation gene 
expression, BMI z score and age. 

 A total of 76 adipose tissue biopsies (63 subcu-
taneous, 13 visceral) were collected from 71 children 
ch Center Baton Rouge, LA, 70808, USA. Tel :  � 1 225 763 2778. Fax:  � 1 225 
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(54 boys, mean age  �  6.1 years). Participants were 
older than 6 months of age, had no intercurrent 
illness (notably infl ammatory disease) and were 
having an elective procedure where abdominal fat 
could be obtained. BMI age and sex-specifi c z scores 
were calculated from the US Centers for Disease 
Control and Prevention 2000 reference data (14). 

 To identify infl ammation genes of interest, 
Affymetrix microarray experiments (Ramaciotti 
Centre for Gene Function Analysis, University 
of New South Wales, Sydney) were performed in 
15 subcutaneous and 5 visceral AT samples from 
children  � 9 years of age to minimize the potential 
effect of puberty on gene expression levels. Micro-
array and functional analyses are described in 
Supplementary File 1 (available online). We exam-
ined differentially expressed genes [false discovery 
rate (FDR)  � 5%] between subcutaneous and vis-
ceral depots, and chose genes that were linked with 
infl ammation for qPCR analyses. 

 In the whole cohort, qPCR was performed using 
Taqman probes (Applied Biosystems, Darmstadt, 
Germany). We measured mRNA levels of infl amma-
tion genes, IL-8, IL-10, IL-18, chemokine ligand 
(CCL)2, CCL5, serum amyloid (SAA)-1, hapto-
globin, vascular endothelial growth factor, osteopon-
tin and neuronatin and developmental genes, T-box 
15 (TBOX15) and homeobox C10 (HOXC10) and 
leptin. 7/13 genes (CCL5, IL-18, haptoglobin, VEGF, 
neuronatin, TBOX15, HOXC10) were chosen from 
Figure 1.     Gene Ontology Biological Process themes enriched in subcu
were differentially expressed (FDR  � 5%) in subcutaneous and visce
Process themes using FunNet. This analysis is discriminant meaning
the tissue.   
our microarray analyses and 6/13 genes (IL-8, IL-10, 
CCL2, SAA1, osteopontin, leptin) were chosen from 
previous adult studies (6 – 8). The samples were run 
in duplicate on an ABI Prism 7900 system (Applied 
Biosystems, Darmstadt, Germany) with internal 
negative controls and a standard curve. The expres-
sion value for every sample was measured in dupli-
cate and was normalized to  β -actin expression ,  which 
was not different between fat depots ( P   �  0.341). 

   Using a threshold of FDR  � 5%, our microarray 
analyses showed that 1140 genes were differentially 
expressed between subcutaneous and visceral adi-
pose depots (743 and 397 genes overexpressed in 
visceral and subcutaneous adipose tissue, respec-
tively). When Gene Ontology analyses were per-
formed, we found an over-representation of themes 
related to the immune response (33%) and the 
infl ammatory response (19%) in visceral adipose tis-
sue (Figure 1). These genes included MHC class I 
and II genes, Fas Interleukins 2,7,18, CD4 and TNF 
superligand family-member 14 and chemokines like 
macrophage migration inhibitory factor, CCL5, 
CXCL6 and CXCR4). Subcutaneous adipose tissue 
had an over-representation of themes related to 
growth and development (regulation of cell 
growth  �  5%, cell growth  �  5%) and regulation of 
transcription (32%). Differentially expressed genes 
included fi broblast growth factors 1 and 2, trans-
forming growth factor; beta receptor III. From this 
analyses, we chose infl ammatory genes IL-18, VEGF, 
  

taneous and visceral adipose tissue in children. A total of 1140 genes 
ral adipose tissue in children and were annotated by GO Biological 
 that the functional profi le shown is the one that best characterizes 
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CCL5, haptoglobin and neuronatin and develop-
ment genes TBOX15 and HOXC10 to verify by PCR 
in the whole cohort ( n   �  76). 

 In the whole cohort, IL-10 and haptoglobin 
mRNA levels were 7- and 30-fold higher, in visceral 
compared to subcutaneous adipose tissue ( P   �  0.001, 
0.005), while VEGF-D, leptin and TBOX15 were 8-, 
14- and 28-fold lower in visceral fat ( P   �  0.03, 0.01, 
 P   �  0.001). These differences persisted after adjust-
ment for BMI z score. Expression of HOXC10 was 
low in subcutaneous AT, and could only be detected 
in 4 out of 13 visceral biopsies. SAA-1, osteopontin, 
CCL2 and CCL5, IL-8 and IL-18 and neuronatin 
mRNA levels were not different between adipose 
tissue depots. There were no signifi cant associations 
between infl ammation gene levels and BMI z score 
or age in subcutaneous or visceral adipose tissue 
depots. 

 This study shows for the fi rst time a distinct 
gene expression pattern between visceral and subcu-
taneous adipose tissue from prepubertal children. 
As in adults (4), we observed that visceral adipose 
tissue in children has an infl ammatory gene profi le 
with increased expression of pro and anti infl amma-
tory mediators and reduced expression of genes 
involved in cell development and growth. This infl am-
matory profi le already present in healthy young 
children suggests that this phenotype is inherent in 
visceral adipose tissue early in life. In an extended 
group, we confi rmed the increased expression of 
haptoglobin and IL-10 in visceral adipose tissue; 
these differences persisted after adjustment for BMI 
z score. The acute phase reactant haptoglobin plays 
a role in leukocyte recruitment and migration and 
attracts monocytes via interaction with CCR2 (15). 
Haptoglobin mRNA levels are raised in omental 
adipose tissue in morbidly obese adults (5). Although 
recognized as an anti-infl ammatory cytokine, raised 
levels of IL-10 are frequently seen in infl ammatory 
disease processes. The raised expression of IL-10 
in visceral adipose tissue may indicate attempts to 
dampen the pro-infl ammatory response and/or the 
early presence of infl ammatory cells with an M2 or 
Th2 phenotype. Our fi ndings of an infl ammatory 
profi le in visceral adipose tissue in young children 
are similar to fi ndings that have previously only been 
reported in obese adults (6 – 8). Using microarray 
data from 10 obese men, Vohl et al showed that cyto-
kine secretion genes (IL-6, IL1R1, C3) were higher 
in visceral compared to subcutaneous fat (7). Simi-
larly, infl ammation related genes CCL2 (8), CCL5 
(8), CCR2 (4,8), macrophage migration inhibitory 
factor (4) and C3 (6), were higher in visceral com-
pared to subcutaneous fat in obese adults. 

 In contrast, subcutaneous adipose tissue was 
mostly characterized by a developmental and growth 
pattern in children of varying ages. PCR analyses 
confi rmed raised VEGF and TBOX15 in subcutane-
ous adipose tissue, a transcription factor from the 
phylogenetically conserved family of T-box genes. In 
contrast, adults have lower TBOX15 expression sub-
cutaneous adipose tissue (16). In a separate study, 
VEGF mRNA levels were similar in subcutaneous 
and visceral adipose tissue but the degree of obesity 
was severe in that described cohort, with mean BMI 
46.5 kg/m 2  (17). Whether TBOX15, which is required 
for skin and skeletal development, is important for 
adipose tissue growth requires further investigation. 

 The main limitation of this study is that we were 
unable to collect paired subcutaneous and visceral 
adipose tissue biopsies from the majority of children. 
Nevertheless, our data are one of the few studies 
that examine gene expression in adipose tissue in 
children, extending previous adult fi ndings to a pedi-
atric age group. In addition, our fi ndings add to the 
already extensive literature linking serum infl amma-
tory markers, especially raised CRP and decreased 
adiponectin in overweight children (18). Together 
with early infl ammation gene expression in the vis-
ceral depot, these features may be indicative of early 
pathological changes associated with overweight in 
children. 

 In conclusion, this is the fi rst study to demon-
strate that visceral adipose tissue has a distinct infl am-
matory profi le even in young children. Coupled with 
chronic obesity, the infl ammatory nature of visceral 
adipose tissue may contribute to the known increased 
metabolic and cardiovascular risk in later life.  
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