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Adipose tissue plays a central role in regulating dynamic cross-

talk between tissues and organs. A detailed description of 

molecules that are differentially expressed upon changes in 

adipose tissue mass is expected to increase our understanding 

of the molecular mechanisms that underlie obesity and relat-

ed metabolic co-morbidities. Our previous studies suggest a 

possible link between endophilins (SH3Grb2 proteins) and 

changes in body weight. To explore this further, we sought to 

assess the distribution of endophilin A2 (EA2) in human adi-

pose tissue and experimental animals. Human paired adipose 

tissue samples (subcutaneous and visceral) were collected 

from subjects undergoing elective abdominal surgery and 

abdominal liposuction. We observed elevated EA2 gene ex-

pression in the subcutaneous compared to that in the visceral 

human adipose tissue. EA2 gene expression negatively corre-

lated with adiponectin and chemerin in visceral adipose tissue, 

and positively correlated with TNF-α in subcutaneous adipose 

tissue. EA2 gene expression was significantly downregulated 

during differentiation of preadipocytes in vitro. In conclusion, 

this study provides a description of EA2 distribution and em-

phasizes a need to study the roles of this protein during the 

progression of obesity. 
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INTRODUCTION 
 

Obesity is one of the most serious threats to humans world-

wide, and its pathogenesis is a complex combination of ge-

netic predisposition, lifestyle, and environmental factors 

(O'Rahilly, 2016). Adipose tissue is an active endocrine or-

gan that is involved in a number of metabolic activities and 

plays a critical role in processes, such as energy homeostasis, 

cytokine production, inflammation, and immunity (McGown 

et al., 2014). It is the source of several active mediators, 

hormones, and signaling molecules, collectively termed “adi-

pokines” (Cao, 2014). Similar to other chronic diseases, such 

as diabetes mellitus (DM), atherosclerosis, dyslipidemia and 

cardiovascular diseases (CVD), obesity has been associated 

with a state of systemic low-grade chronic inflammation 

(Hotamisligil, 2006). The molecular mechanisms underlying 

this state are not yet fully understood. Nevertheless, strong 

evidence is accumulating to support mutual crosstalk be-

tween adipocytes and cells within the stromovascular frac-

tion (SVF) of adipose tissue, specifically to macrophages 

(Suganami et al., 2005; Sun et al., 2011; Wellen and Ho-

tamisligil, 2005). Moreover, adipose tissue actively interacts 

with more distant metabolically critical tissues and organs, 

such as the skeletal muscle, liver, brain, and the cardiovascular  
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system (Romacho et al., 2014). Adipokines provide the 

means to establish and maintain this complex, yet tightly 

regulated integration and dynamic crosstalk (Speakman and 

Mitchell, 2011). 

Based on the central role played by adipokines, their study 

remains an area of active research. This includes both the 

discovery of novel molecules and the recognition of adipose 

tissue as a source of cytokines; hence the reason for adding 

them to the list of known adipokines. Owing to the active, 

pleotropic, and often interconnected metabolic roles of adi-

pokines, more research in this field promises a better under-

standing of the pathogenesis of obesity and associated co-

morbidities. We (Alfadda et al., 2014) and others (Bouwman 

et al., 2009; Gu et al., 2013) have studied the proteomic 

profiles of biological fluids and adipose tissue obtained from 

obese subjects before and after various weight loss strate-

gies. We expect that an in-depth analysis of molecules that 

are differentially expressed in individuals with different body 

weights, or upon significant weight loss, will increase our 

understanding of the pathophysiology of obesity and identi-

fy potential target(s) for the prevention and treatment of this 

serious epidemic. However, a crucial initial step in this pro-

cess is a more detailed description of such potential media-

tors. 

One protein that was significantly elevated in the urine of 

subjects who underwent weight reduction as compared to 

its levels in the same subjects before weight loss was  Src-

homology 3 (SH3) domain-binding glutamic acid-rich-like 

protein 3 (Alfadda et al., 2014). We investigated whether 

this was accompanied by differential expression of SH3-

domain containing proteins, and selected the endophilins 

family (SH3Grb2 proteins) for further study. Endophilin A2 

(EA2), also called SH3-domain GRB2-like 1 or SH3GL1, was 

chosen owing to its ubiquitous tissue distribution, compared 

to other family members that show more tissue/organ-

specific expression (Kjaerulff et al., 2011). Endophilins, in 

association with other proteins and lipids, are involved in 

synaptic neurotransmission and vesicular trafficking (Farsad 

et al., 2001; Henne et al., 2007; Itoh and De Camilli, 2006; 

Peter et al., 2004; Shimada et al., 2007). They play an inte-

grative role, together with dynamin and amphiphysin, in 

vesicle fission in adaptor protein (AP)-2 clathrin-coated vesi-

cles on the plasma membrane (Conner and Schmid, 2003; 

Ross et al., 2011). 

EA2 is a cellular protein that has a C-terminal SH3 domain 

through which it identifies and interacts with proline-rich 

domains present on other cellular proteins. It’s subcellular 

localization has been shown to be both cell- and cell cycle 

phase-dependent (Balshem et al., 2011). It was reported to 

be localized predominantly in the nuclei of hemopoietic, 

fibroblast, and epithelial cell lines, but was found to be local-

ized in the cytoplasm in other cells, such as neurons and 

osteoclasts (Ochoa et al., 2000; Ringstad et al., 1999) . Fur-

thermore, EA2 shows dynamic localization and differential 

expression levels in various phases of the cell cycle, with the 

highest levels being observed in G2/M phase, indicating a 

potential regulatory role in the cell cycle (Balshem et al., 

2011). EA2 also reportedly binds to proteins located at leu-

kocyte podosomes, and hence plays a role in leucocyte mo-

tility and phagocytosis (Sanchez-Barrena et al., 2012). In 

addition to its well-established physiological role in endocy-

tosis, recent works have been studying the EA2 involvement 

in diseases, such as cardiovascular diseases and some can-

cers (Liu et al., 2016). 

In the current study, our aim was to gain a more detailed 

description of the distribution of EA2 and to investigate its 

potential involvement in obesity. Results of these studies will 

increase our understanding of the potential metabolic role(s) 

of EA2 in diseases related to adipose tissue and disrupted 

energy homeostasis. 

 

MATERIALS AND METHODS 
 

All experiments were performed at the Obesity Research 

Center, College of Medicine, King Saud University (KSU), 

Riyadh, Saudi Arabia, and the Institute of Molecular Biology 

and Genetics, Department of Biophysics and Chemical Biol-

ogy, School of Biological Sciences, Seoul National University, 

Seoul, Korea. The Institutional Review Board in both insti-

tutes approved these studies and all participants gave in-

formed consent. 

 

Human EA2 gene expression in paired subcutaneous and 
visceral adipose tissue 
The study population included 24 human adults undergoing 

elective abdominal surgery for cholecystectomy or weight 

reduction bariatric surgery. Subjects were free of acute in-

flammation, infection, or malignancy. All subjects main-

tained a stable weight, with no fluctuations greater than 2% 

for at least 2 months prior to surgery, and all subjects un-

derwent a physical examination prior to surgery. Weight in 

kilograms was measured to the nearest 0.1 kg using a cali-

brated balance scale, with the subject in light clothing and 

without shoes. Height was measured using a standing stadi-

ometer to the nearest centimeter. Body mass index (BMI) 

was calculated as weight in kilograms divided by height 

squared in meter. Paired subcutaneous and visceral fat sam-

ples were obtained from the same donor during the surgical 

procedure. Tissues were immediately frozen in liquid nitro-

gen and stored at -80℃ until RNA was extracted. 

RNA was extracted from adipose tissue samples using an 

RNeasy Lipid Tissue kit (Qiagen, USA). Extraction was fol-

lowed by a DNase digestion step. RNA was quantitated us-

ing a Nanodrop ND-1000 spectrophotometer (LabTec, UK). 

RNA quality was further evaluated via agarose gel electro-

phoresis and visual inspection of the 28S and 18S ribosomal 

RNA bands. RNA was reverse-transcribed using High Capaci-

ty RNA-to-cDNA Kit (Applied Biosystems, USA) according to 

the manufacturer's instructions. The synthesized cDNA was 

used for quantitative real-time PCR (qRT-PCR) and the rela-

tive level of the EA2 mRNA expression was detected using a 

human EA2 primer set and a primer set for the reference 

gene, Ribosomal Protein L13a (RPL13a) (Curtis et al., 2010; 

Tsihlias et al., 2000). Primer sequences are available on re-

quest. Each reaction contained cDNA, appropriate primers, 

PCR master mix (containing dNTPs, polymerase, buffer, 

Cyber Green working solution and glycerol) and water. A 

negative control to detect DNA contamination was per-
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formed by omitting the cDNA. All reactions were carried out 

in triplicate. Samples were incubated at 94℃ for 3 min for 

initial denaturation, followed by 40 cycles, each consisting of 

94℃ for 30 s, 61.5℃ for 30 s and 72℃ for 20 s, and finally 

melting for 2 min followed by 5 s at 65℃. A Bio-Rad CFX96 

real time system, c1000 thermal cycler, and CFX Manager 

2.0 software were used (Bio-Rad, USA). Data were obtained 

as Ct values (cycle number at which logarithmic PCR plot 

crosses a calculated threshold line) according to the manu-

facturer's guidelines. Amplification products were confirmed 

on a 3% agarose gel stained with EZ-Vision ethidium bro-

mide-free stain (Amresco, USA). Results were correlated to 

expression levels of other mediators (adiponectin, chemerin, 

orosomucoid (ORM), interleukin-6 (IL-6), and tumor necrosis 

factor-α (TNF-α) that were previously assessed using the 

same cDNA samples (Alfadda et al., 2012a; 2012b). 

 

Human EA2 protein expression in subcutaneous 
abdominal adipose tissue 
Subcutaneous abdominal adipose tissue samples were ob-

tained via liposuction from lean (n = 4) and obese (n = 4), 

otherwise healthy, non-diabetic adult subjects undergoing 

elective liposuction surgery. Samples were processed on the 

day of harvest according to previously published methods 

(McTernan et al., 2002). Briefly, abdominal fat was digested 

with collagenase class 1 (2 mg/ml, in 1x HBSS, for 30 min at 

37℃) in a shaking water bath. The disrupted tissue was fil-

tered through a sterile double-layered cotton mesh and ma-

ture adipocytes were separated from the stromovascular 

fraction (SVF) via centrifugation (360 x g, 5 min, at room 

temperature). The floating layer of mature adipocytes was 

removed from the collagenase-dispersed preparation and 

from the SVF pellet, washed three times in Dulbecco’s modi-

fied eagle’s medium (DMEM, from Hyclone, USA), and 

stored at -80℃ until analysis. SVF pellets were washed three 

times in RBCs lysis buffer, resuspended in DMSO freezing-

down solution, and stored in liquid nitrogen until analysis. 

Cells (mature adipocytes and SVF) were lysed in RIPA buff-

er and total protein concentration was determined using a 

BCA protein assay kit (Pierce, USA) according to the manu-

facturer’s instructions. Lysates of mature adipocytes and SVF 

were separated on a 12% SDS-polyacrylamide gel and trans-

ferred to a polyvinylidene fluoride membrane (PVDF; Milli-

pore Corp., USA). Blots were blocked with 3% bovine serum 

albumin (BSA) in tris-buffered saline-Tween 20 (TBST) for 1 

h. Membranes were incubated overnight with EA2 (mouse 

monoclonal, SH3GL1; OriGene Technologies, Rockville, MD, 

USA) or β-actin (Cell Signaling Technology Inc., USA) primary 

antibodies (1:1000 dilution of each antibody) in 1% BSA in 

TBST. Membranes were washed with TBST prior to addition 

of a horseradish peroxidase-conjugated secondary antibody 

(1:5,000; Cell Signaling Technology Inc., USA) for 1 h at 

room temperature. Membranes were washed with TBST, 

and a chemiluminescent substrate (Super signal west femto 

maximum sensitivity substrate kit; Thermo Scientific, USA) 

was used to visualize antibody binding. Images were cap-

tured using GeneSys image capture software on a G:BOX 
(Syngene, UK). Quantitation of protein band intensity, nor-

malized to the intensity of β-actin for each sample, was per-

formed using GeneTools software (Syngene, UK). Data are 

reported as normalized protein band intensity in arbitrary 

units (AU). 

 

3T3-L1 cell culture and differentiation and siRNA 
transfection 
3T3-L1 cell culture and differentiation were performed as 

previously described (Lee et al., 2008). All the reagents were 

from Hyclone (USA). Briefly, 3T3-L1 preadipocytes were 

grown to confluence in DMEM supplemented with 10% 

bovine calf serum. Two days after confluence, which is con-

sidered differentiation day zero (D0), cells were incubated 

with DMEM supplemented with 10% fetal bovine serum, 3-

isobutyl-1-methylxanthine (IBMX; 500 μM), dexamethasone 

(1 μM), and insulin (5 μg/ml). Two days later, the culture 

medium was replaced with DMEM supplemented with 10% 

fetal bovine serum and insulin (1 μg/ml) (D2). After this, the 

culture medium was replaced every other day with DMEM 

supplemented with 10% fetal bovine serum (D4, and so on). 

Differentiation was assessed using Oil Red O staining as pre-

viously described (Kim et al., 2010). During the differentia-

tion process, cells were harvested on days 0, 2, 4, and 7. Total 

RNA was extracted from cells using TRIzol reagent (Invitro-

gen, USA) according to the manufacturer’s protocol. Quanti-

tative RT-PCR was performed as described above. Relative 

amounts of mRNA were calculated by normalization to β-

actin or glyceraldehyde-3-phosphate dehydrogenase (GAPDH) 

mRNA, using the comparative threshold cycle method. 

Small interfering RNA duplexes for EA2 were designed 

and purchased from Bioneer Inc. (Korea). Small interfering 

RNA (20 μM), were delivered into 3T3-L1 cells using Mi-

croporator (Digital Bio Technology Co. Ltd., Korea). 

 

Animal experiments 
All experiments were approved by the Seoul National Uni-

versity Animal Experiment Ethics Committee. Male C57BL/6J 

mice were housed in cages under a 12-h light/12-h dark 

cycle and controlled temperature (26℃). Two sets of experi-

ments were performed. In the first set, mice were fed either 

a standard normal chow diet or a high-fat diet (HFD: 60% 

fat). Mice were sacrificed at the same time, and adipose 

tissue, both inguinal and epididymal, were dissected. These 

samples were used to determine the effect of diet on EA2 

gene expression in adipose tissue. In the second set of exper-

iments, mice were fed a standard normal chow diet and 

sacrificed when they reached 18 weeks of age. Several tissues 

and organs were harvested: adipose tissue [inguinal, epidid-

ymal and brown (subscapular)], liver, muscle, kidney, intes-

tine, spleen, heart, brain, pancreas, and lung). Organs were 

immediately frozen in liquid nitrogen then stored at -80℃ 

until RNA extraction. These samples were used to determine the 

tissue-specific gene expression of EA2. RNA extraction, cDNA 

synthesis, and qRT-PCR were performed as described above. 

 

Statistical analysis 
Data are presented as mean ± SEM, unless stated otherwise. 

The student’s t-test was used for comparative analysis. Cor-

relation was determined using the Pearson correlation coef-

ficient. P value of ≤ 0.05 was considered statistically significant. 
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Fig. 1. Relative EA2 gene expression in various tissues of C57BL/6J 

mice. EA2 gene expression was determined via qRT-PCR and 

normalized to GAPDH expression. Data represent normalized 

values. LIV, liver; EAT, epididymal adipose tissue; IAT, inguinal 

adipose tissue; BAT, brown adipose tissue (subscapular); MUS, 

muscle; KID, kidney; INT, intestine; SPN, spleen; PANC, pancreas; 

ND, not detected. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2. Relative EA2 gene expression in human adipose tissue. 

EA2 gene expression in human adipose tissue, in subcutaneous 

and visceral fat depots (SAT and VAT) was determined via qRT-

PCR and normalized to ribosomal protein L13a (RPL13a). Data 

represent normalized values. P = 0.0004. 

 

 

 

IBM SPSS Statistics software for Windows, Version 22.0, IBM 

Corp. was used for all analyses (IBM Corp., USA). 

 

RESULTS 
 

EA2 gene expressions in various animal tissues and in 
human paired adipose tissue 
EA2 was found to be differentially expressed in various ani-

mal tissues, as shown in Fig. 1. Gene expression levels were 

higher in the intestine, lung, spleen, and heart compared to 

those in the inguinal adipose tissue, liver, muscle and brain. 

Low levels of EA2 expression were also observed in the kid-

ney, and epididymal and brown adipose tissue, while no 

detectable expression was observed in the pancreas. 
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Fig. 3. Correlation between EA2 gene expression in human adi-

pose tissue and body mass index (BMI). (A) SAT (r = -0.26, P = 

0.219), and (B) VAT (r = -0.27, P = 0.203). 

 

 

 

EA2 gene expression was detected in both human subcu-

taneous and visceral adipose tissue (SAT and VAT, respective-

ly). Expression levels were significantly higher in SAT than in 

VAT (P = 0.0004; Fig. 2). Analysis of EA2 gene expression in 

SAT and VAT in relation to the subjects’ calculated BMI values, 

revealed a negative trend, but did not reach statistical signif-

icance (Fig. 3). 

EA2 gene expression was then measured in paired adi-

pose tissues and compared to that of other adipokines and 

inflammatory markers in the same tissues (Alfadda et al., 

2012a; 2012b). This revealed a negative correlation be-

tween EA2 and two adipokines, adiponectin (Figs. 4A and 

4B) and chemerin (Figs. 4C and 4D) in VAT but not in SAT. A 

positive correlation was detected between EA2 and TNF-α 

expression in SAT but not in VAT (Figs. 4E and 4F). No signif-

icant correlation was observed between gene expression 

levels of EA2 and ORM or IL-6 in both SAT and VAT (data 

not shown). 

 

EA2 protein expression in human mature adipocytes 
To further understand the distribution of EA2, we evaluated 

its protein expression in adipose tissue from lean and obese 

subjects. Mature adipocytes were separated from human 

subcutaneous abdominal adipose tissue obtained via lipo-

suction from four lean individuals (average BMI ± SD = 24.2
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Fig. 4. Correlation between EA2 gene expres-

sion in SAT and VAT and adiponectin (A & B), 

chemerin (C & D), and TNF-α (E & F). 
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kg/m
2
 ± 0.71) and four obese individuals (average BMI ± SD 

= 42.6 kg/m
2
 ± 3.4) and EA2 protein expression levels were 

measured using immunoblotting (Fig. 5A). Densitometric 

analysis of the immunoblotting data revealed higher EA2 

protein expression in mature adipocytes isolated from obese 

compared to that in lean individuals. However, this differ-

ence did not reach statistical significance (Fig. 5B). On the 

contrary, no difference was detected in EA2 protein expres-

sion levels in SVF from lean and obese individuals (data not 

shown). 

 

EA2 gene expression during 3T3-L1 preadipocyte 
differentiation 
To determine whether EA2 expression changes during adi-

pocyte differentiation, the 3T3-L1 cell line was used. As 

shown in Fig. 6, EA2 was expressed at all stages of differen-

tiation. However, a dramatic decrease in expression levels 

was observed as differentiation progressed, with the lowest 

levels seen on day 7 of differentiation (P = 0.02). 

 

EA2 suppression in adipocytes and its effect on 
inflammatory markers 
To clarify the role of EA2 in adipocyte inflammatory re-

sponse, we suppressed adipocyte EA2 by using siRNA. 

There was a significant decrease in the gene expression of 

IL-6 (P = 0.02), and in Monocyte Chemoattractant Protein-

1(MCP-1) (P = 0.002) in EA2-suppressed adipocytes (Fig. 

7). 

 

EA2 gene expression in fat depots obtained from C57BL/6 
mice fed a normal chow diet or a high fat diet 
To determine the levels of EA2 gene expression in the exper-

imental animal fat depot, and whether this is influenced by 

the dietary regimen, we used two groups of C57BL/6 mice; one 

fed a normal chow diet and the other fed a high fat diet. EA2 

gene expression levels were measured in inguinal and epi-

didymal fat depots in both groups. Our results demonstrate 

that the type of diet had no influence on EA2 expression 

levels in both fat depots (data not shown). 
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Fig. 5. EA2 protein expression in human mature adipocytes isolat-

ed from abdominal liposuction adipose tissue of lean (n = 4) and 

obese (n = 4) subjects. (A) Immunoblotting of proteins extracted 

from human mature adipocytes using anti-EA2 and anti-β-actin 

antibodies. (B) Graphical representation of relative intensity val-

ues of normalized EA2 protein bands for lean and obese individ-

uals. Data are represented as a bar graph of mean ± SEM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 6. EA2 gene expression in 3T3-L1 cells at different stages of 

adipocyte differentiation. EA2 gene expression measured via 

qRT-PCR from the adipocyte cell line 3T3-L1 in the undifferenti-

ated state (day 0), and during differentiation (days 2, 4, and 7). 

P = 0.02. Data are represented as a bar graph of mean ± SEM. 

 

 

 

DISCUSSION 
 

The present study revealed the distribution of EA2 in fat 

depots and its correlation with other mediators in adipose 

tissue. The data suggest a potential role for EA2 in obesity 

and associated co-morbidities. We evaluated EA2 gene ex-

pression in human SAT and VAT, in a 3T3-L1 cell line during 

adipocyte differentiation, and in tissues isolated from exper- 
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Fig. 7. IL-6 and MCP-1 gene expression in adipocyte after sup-

pression of EA2 with siRNA as compared to a control siRNA 

(siCTRL). (A) IL-6 gene expression (P = 0.02), and (B) MCP-1 

gene expression (P = 0.002) were measured in 3T3-L1 cells via 

qRT-PCR. Data are represented as a bar graph of mean ± SEM. 

 

 

 

imental animals. In addition, EA2 gene expression was ana-

lyzed relative to the expression of other adipokines and in-

flammatory mediators, and the effects of EA2 silencing on 

the expression of well-established inflammatory mediators 

was evaluated. EA2 expression in human adipose tissue was 

also confirmed at the protein level. To the best of our 

knowledge, there have been no reports thus far on the ex-

pression of EA2 in human adipose tissue, at either the gene 

or the protein level. 

Our finding that EA2 is differentially expressed in fat de-

pots, both in humans and in rodents, could be an indication 

of its key role in these tissues. EA2 protein represents one 

component of an adaptor protein complex that forms an 

interposing signal between cell surface receptor kinases and 

more downstream signaling cascade molecules. EA2 is also 

capable of locating small GTPases to its site of action on the 

membrane (Bouwman et al., 2014). It is therefore possible 

that the structure of EA2 allows it to play a critical role in the 

differences between SAT and VAT, and that it could have 

novel functions in adipose tissue, beyond its well established 

role in mediating endocytosis. Consistent with our current 

findings, other mediators have been shown to be differen-

tially expressed in SAT vs. VAT, implying that either these 
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mediators play different roles or that an entirely different 

regulatory mechanism is in place in these tissues (Alfadda et 

al., 2012b; Alessi et al., 1997; Fried et al., 1998; Montague 

et al., 1998; Samaras et al., 2010). 

The differences in EA2 gene expression levels in the fat 

depot relative to that of other adipokines, such as adiponec-

tin and chemerin, are interesting. Adiponectin is a known 

anti-inflammatory adipokine, while chemerin is thought to 

exert dual roles, depending on the cleavage product and 

hence the predominant molecular form (Alfadda et al., 

2012b). A negative correlation between EA2 and the anti-

inflammatory adipokine, adiponectin, and a positive correla-

tion between EA2 and the inflammatory marker, TNF-α, 

suggests it may play a pro-inflammatory role. Further sup-

port of this role in the current work is demonstrated by 2 

findings, first, the significant suppression of the gene expres-

sion of two of the well-documented inflammatory mediators, 

IL-6 and MCP-1, upon suppression of EA2 in mature 3T3-L1 

cells, and second, the increased protein expression levels in 

SAT obtained from obese vs. lean individuals. Interestingly, a 

recent work by Huang and co-workers reported a novel role 

for EA2 in macrophage-derived foam cell formation, which 

is an inflammation-driven process critical to the pathogenesis 

of atherosclerosis. The investigators demonstrated that oxi-

dized LDL (oxLDL) triggered interaction of EA2 with the 

macrophages’ scavenger receptors, resulting in activation of 

inflammation-related signaling pathways that increased ex-

pression of the scavenger receptors leading to more oxLDL 

uptake and hence, foam cell formation. Furthermore, and 

similar to our finding of the anti-inflammatory consequence 

of silencing EA2, foam cell formation was downregulated by 

EA2 inhibition (Huang et al., 2016). These findings support a 

role for EA2 in inflammation-related diseases; and are in line 

with recent works linking EA2 to cardiovascular diseases (Liu 

et al., 2016), and to certain aggressive forms of breast can-

cer with poor prognosis (Baldassarre et al., 2015). 

The observed negative trend between BMI and EA2 gene 

expression in human paired adipose tissue does, however, 

seem inconsistent with the increasing trend in EA2 protein 

levels in adipose tissue samples from obese relative to lean 

individuals. Although interpreting these findings is beyond 

the objectives of the current study, which was designed to 

provide a descriptive analysis of EA2 expression in adipose 

tissue, it does suggest the presence of a feedback mecha-

nism, a hypothesis that should be tested in future studies. It 

is possible that high EA2 protein levels lead to a downregu-

lation of gene expression level in adipose tissues, in a nega-

tive feedback manner. Alternatively, and based on the 

known imperfect relationship between corresponding 

mRNA and protein abundances, it might be relevant to note 

that mRNA level is capable to explain only a fraction of the 

protein abundance in various species and cells, while ~ 1/3 - 

2/3 of the variations in protein’s abundance are explained by 

other factors; including post-transcriptional, translational, 

post-translational, and protein stability factors (Vogel and 

Marcotte, 2012). Therefore, a negative trend between the 

EA2 gene expression and BMI needs to be studied in further 

details in the future; taking into account various potential 

contributing factors. 

Our finding the EA2 gene expression is downregulated 

during 3T3-L1 preadipocyte differentiation is interesting. 

However, it may not be easily extrapolated to human adi-

pose tissue due to its cellular and functional complexity. 

Nevertheless, the published role for EA2 in regulating cell 

division, specifically at the G2/M phase of the cell cycle 

(Balshem et al., 2011), is a possible link that would require 

further analysis. In addition, a recent proteomics study 

demonstrated significant downregulation of another mem-

ber of the endophilin family, endophilin-B1, during the dif-

ferentiation of mouse primary brown preadipocytes (Kamal 

et al., 2013). Thus, studying EA2 gene and protein expres-

sion levels during human preadipocyte differentiation will be 

required to clarify the role of EA2 in human adipogenesis. 

One possible link to the suggested role of EA2 in adipo-

genesis could be its well-known role in signaling pathways 

and in integrative crosstalk between endosomes. We pro-

pose that EA2 would affect multiple metabolic pathways, 

based on its critical location and interaction with compo-

nents of signaling pathways that would allow it to partici-

pate in crosstalk in many interactive biological systems. In 

support of this are earlier studies regarding the discovery and 

characterization of EA2 and other members of the endophil-

in family (Soubeyran et al., 2002; Tang et al., 1999; Yam et 

al., 2004). For example, a novel protein, termed EA2-

binding partner, has been shown to bind EA2 and cause 

inhibitory effects on the Ras signaling pathway, which is 

known to regulate cellular transformation (Yam et al., 2004). 

In addition, more recently published data demonstrate that 

EA2 binds to proteins known to mediate endosomal cross-

talk, such as AXIN (Palfy et al., 2012). 

EA2 has remarkable structural and functional characteris-

tics. Structurally, EA2 belongs to a larger family of proteins 

that possess SH3 domains, the ligands for which have not 

been fully characterized. The SH3 domain provides these 

proteins with an influential position in terms of complex 

formation based on their capability to recognize and bind to 

a large number of ligands. Saksela and Permi recently pub-

lished a review article summarizing the nature of interactions 

between SH3 domain-containing proteins and their ligands, 

through what they term “specificity zone surfaces” of SH3 

domains. They demonstrated that a ligand for the SH3 do-

main is no more restricted to the consensus peptide, which 

contains a characteristic proline-rich motif and a basic resi-

due, but rather that a more complex binding interface is 

required. This in turn provides a more extensive contact sur-

face, and hence a substantially greater binding affinity and 

selectivity (Saksela and Permi, 2012). Functionally, in addi-

tion to their well-known endocytic roles, members of the 

endophilin family have been linked to several non-endocytic 

functions. As mentioned above, their role in signaling path-

ways and receptor interactions and expression is of particular 

interest (Huang et al., 2016; Tang et al., 1999). 

In conclusion, the present study describes the distribution 

of human EA2 in adipose tissue, and highlights several im-

portant, and previously unidentified, correlations between 

this protein and certain adipokines and mediators of chronic 

inflammation. The EA2 gene was found to be differentially 

expressed in human adipose tissue, with more expression in 
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SAT than VAT, and showed a negative correlation with BMI. 

In addition, EA2 gene expression negatively correlated with 

the expression of adiponectin and chemerin in VAT, whereas 

in SAT, it showed a positive correlation with TNF-α expres-

sion. Moreover, silencing EA2 in 3T3-L1 cells significantly 

downregulated the gene expression of IL-6 and MCP-1. 

Furthermore, EA2 protein expression was higher in mature 

adipocytes obtained from obese subjects compared to that 

in lean subjects. Interestingly, the EA2 gene expression was 

found to be downregulated during adipocyte differentiation 

in a murine cell line. Collectively, the current study provides a 

more comprehensive description of EA2 distribution, reveals 

new correlations with other molecules, and emphasizes the 

need to study this protein further in the context of adipo-

genesis and adipocytes signaling pathways and metabolism. 
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