
Nutritional, hormonal and depot-dependent regulation of the expression of the small 

GTPase Rab18 in rodent adipose tissue 

 

 

Marina R. Pulido1,2, Yoana Rabanal-Ruiz1,2, Farid Almabouada1,2, Alberto Díaz-Ruiz1,2, 

María A. Burrell3, María J. Vázquez2,4, Justo P. Castaño1,2, Rhonda D. Kineman5, Raúl M. 

Luque1,2, Carlos Diéguez2,4, Rafael Vázquez-Martínez1,2, and María M. Malagón1,2 

 
 

1Department of Cell Biology, Physiology and Immunology, Instituto Maimónides de 

Investigación Biomédica de Córdoba (IMIBIC), University of Córdoba, 14014-Córdoba, 

Spain 
2CIBER Fisiopatología de la Obesidad y Nutrición (CIBERobn), Instituto de Salud Carlos 

III, Spain 
3Department of Histology and Pathology, University of Navarra, 31008-Pamplona, Spain 
4Department of Physiology, School of Medicine, Instituto de Investigaciones Sanitarias 

(IDIS), University of Santiago de Compostela, 15782 Santiago de Compostela, Spain 
5Department of Medicine, University of Illinois at Chicago, Jesse Brown VA Medical 

Center, 60612-Chicago, IL, USA 

 
 
 
Keywords: Fasting, gene expression, lipid metabolism, obesity, Rab18, white adipose tissue 
 
 
Running title: Regulation of Rab18 expression in adipose tissue 
 
 
 
 
Correspondence should be addressed to: María M. Malagón, Department of Cell Biology, 
Physiology and Immunology, Edificio Severo-Ochoa, Pl. 3, Campus Univ. de Rabanales, 
University of Córdoba, E-14014 Córdoba, Spain. Email: bc1mapom@uco.es 
 
 
 
 



 

 

2 

Abstract 

There is increasing evidence that proteins associated with lipid droplets (LDs) play a key 

role in the coordination of lipid storage and mobilization in adipocytes. The small GTPase, 

RAB18, has been recently identified as a novel component of the protein coat of LDs and 

proposed to play a role in both b-adrenergic stimulation of lipolysis and insulin-induced 

lipogenesis in 3T3-L1 adipocytes. In order to better understand the role of Rab18 in the 

regulation of lipid metabolism in adipocytes, we evaluated the effects of age, fat location, 

metabolic status, and hormonal milieu on Rab18 expression in rodent white adipose tissue 

(WAT). Rab18 mRNA was undetectable at postnatal day 15 (P15), but reached adult levels 

by P45, in both male and female rats. In adult rats, Rab18 immunolocalized around LDs, as 

well as within the cytoplasm of mature adipocytes. A weak Rab18 signal was also detected 

in the stromal-vascular fraction of WAT. In mice, fasting significantly increased, though 

with a distinct time–course pattern, Rab18 mRNA and protein levels in visceral and 

subcutaneous WAT. The expression of Rab18 was also increased in visceral and 

subcutaneous WAT of obese mice (diet-induced, ob/ob, and New Zealand obese mice) 

compared with lean controls. 

Rab18 expression in rats was unaltered by castration, adrenalectomy, or GH deficiency but 

was increased by hypophysectomy, as well as hypothyroidism. When viewed together, our 

results suggest the participation of Rab18 in the regulation of lipid processing in adipose 

tissue under both normal and pathological conditions 
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Introduction 

Adipose tissue has received much attention over the last two decades due to the 

discovery of its role as an active endocrine organ (Kershaw & Flier 2004). Moreover, 

recent discoveries have also significantly changed the classical view of adipose tissue as an 

inert energy depot and unveiled the complex regulation of adipose tissue lipolysis and 

lipogenesis. Indeed, regulation of lipid metabolism in adipocytes depends on a fine balance 

between multiple factors, both extracellular and intracellular (Brasaemle 2007, Kolditz & 

Langin 2010, Watt & Spriet 2010). Although to date there exists a wealth of information on 

the extracellular factors that regulate adipocyte function, the intracellular components and 

mechanisms that participate, directly or indirectly, in the control of lipid trafficking and 

metabolism are less well known. 

Lipid droplets (LDs) are responsible for the storage of excess energy in the form of 

neutral lipids and thus play a key role in adipocytes (Murphy 2001, Wolins et al. 2006). 

LDs are coated by proteins that are required for optimal lipid storage and fatty acid release 

(Brown 2001, Goodman 2008). LD coat proteins include lipid metabolic enzymes 

(Brasaemle et al. 2004, Kuerschner et al. 2008, Miyoshi et al. 2008, Guo et al. 2009), the 

PAT family of proteins (named after perilipin, adipophilin, and TIP47) that coordinate lipid 

storage and utilization (Brasaemle 2007, Ducharme & Bickel 2008), the cell death-inducing 

DFF45-like effector (CIDE) family of proteins that regulate lipogenesis (Gong et al. 2009), 

and proteins regulating membrane trafficking events, which include RAB and ARF 

GTPases, soluble N-ethylmaleimide-sensitive factor acti- vating protein receptor (SNARE) 

proteins, and motor proteins (Liu et al. 2007, Guo et al. 2008, Hommel et al. 2010). In 

particular, several members of the RAB family of small GTPases have been shown to 
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decorate the surface of LDs (Brasaemle et al. 2004, Murphy et al. 2009), yet the precise 

function of most RAB proteins expressed in adipocytes remains unknown. Among those 

best docu- mented is RAB18, which was first shown to associate with the surface of LDs in 

3T3-L1 adipocytes in response to b-adrenergic stimulation and was therefore proposed to 

be involved in the release of lipids from LDs (Brasaemle et al. 2004, Martin et al. 2005, 

Ozeki et al. 2005). Consistent with these early studies, we recently demonstrated that 

RAB18 overexpression increased basal lipolysis and RAB18 silencing-impaired forskolin-

stimulated lipolysis in 3T3-L1 cells (Pulido et al. 2011). Intriguingly, we also observed that 

insulin, like the b-adrenergic receptor agonist isoproterenol, induced the recruitment of 

RAB18 to the surface of LDs in 3T3-L1 cells, where silencing of RAB18 impaired insulin-

stimulated lipogenesis and its overexpression enhanced lipogenesis (Pulido et al. 2011). 

Together, these data suggest that RAB18 plays a role in both lipolysis and lipogenesis in 

3T3-L1 adipocytes. In order to better understand the role of RAB18 in the regulation of 

lipid metabolism in primary adipocytes, in the current study, we evaluated the effects of 

age, fat location, metabolic status, and hormonal milieu on RAB18 expression (mRNA and 

protein) in rodent white adipose tissue (WAT). 
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Materials and Methods 

Reagents  

Rabbit anti-rat RAB18 was purchased from Calbiochem (Barcelona, Spain). Anti-mouse 

adiponectin was from Chemicon Int. (Temecula, CA, USA) and rabbit anti- human CD45 

was from Santa Cruz Biotechnology. TRIzol Reagent and DMEM were from Invitrogen 

Corp., Power- ScriptTM reverse transcriptase from Clontech, SYBR Green-tag DNA 

polimerase from Bio-Rad, dNTPs from Ecogen (Madrid, Spain), and random primers from 

GE Healthcare (Buckinghamshire, UK). Normal goat serum and Envision Method Kit were 

from Dako (Glostrup, Denmark), ECL Plus Detection System from GE Healthcare, and 

anti-rabbit Alexa488-conjugated secondary antibody from Invitrogen Corp. Unless 

otherwise indicated, all other reagents were purchased from Sigma–Aldrich. 

 

Animals  

Sprague Dawley rats and GH-deficient dwarf and wild-type Lewis rats were obtained from 

Harlan Iberica (Barcelona, Spain). C57BL/6J, ob/ob mice and their lean littermate controls, 

as well as New Zealand obese (NZO) mice and their controls, were obtained from Jackson 

Laboratories (Bar Harbor, ME, USA). Experimental procedures were approved by the 

Institutional Animal Care and Use Committee. Animals had free access to standard rodent 

chow and tap water unless otherwise specified. Post mortem, subcutaneous (obtained from 

the inguinal fat pad), and visceral (obtained from the peri-gonadal fat pad) WAT samples 

were either processed for immuno- histochemistry and/or frozen in liquid nitrogen and 

stored at K80 8C until analysis of Rab18 mRNA levels by RT-PCR or RAB18 protein 

content by immunoblotting, as described below. 
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Ad libitum-fed Sprague Dawley rats " At postnatal (P) day 15, 45, 60, or 90, male and 

female rats were killed under fed conditions and WAT samples were excised and processed 

for immunohistochemistry or frozen for protein or mRNA analysis, as described below. In 

addition, in order to investigate the presence of RAB18 in the two com- ponents of adipose 

tissue, mature adipocytes and the stromal-vascular fraction (SVF; Frayn et al. 2003) were 

freshly isolated from WAT of P90 male Sprague Dawley rats, as described previously 

(Peinado et al. 2010). After separation, the two fractions were frozen in liquid nitrogen and 

stored at K80 8C for analysis of Rab18 mRNA or protein content or freshly isolated mature 

adipocytes were processed for immunohistochemistry, as described below. 

 

Fasted mice " Visceral and subcutaneous WAT was collected from 10-week-old, C57bl/6J 

mice under ad libitum-fed conditions or after a 12-h fast (food removed at 1900 h) or 24 

and 48 h (food removed at 0700 h). Samples were stored at K80 8C until analysis of 

RAB18 mRNA and protein. 

 

Diet-induced and genetically obese mice " WAT was collected from C57Bl/6J mice 

maintained on a high-fat (fatZ60 kcal%, carbohydrateZ20 kcal%, proteinZ20 kcal%; 

D12492, Research Diets, Brunswick, NJ, USA) or a low-fat diet (fatZ10 kcal%, 

carbohydrateZ70 kcal%, proteinZ20 kcal%; D12450B, Research Diets) for 10 or 16 weeks 

(diet starting at 4 weeks of age), as previously reported (Luque & Kineman 2006). In 

addition, WAT samples from a model of monogenic obesity, ob/ob mice (10 weeks of age), 

or from a model of polygenic obesity, NZO mice (10 weeks of age), were also examined. 

We also analyzed the effect of 48-h fasting in NZO mice. Samples were stored at K80 8C 

until analysis of Rab18 mRNA and protein. 
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Hypophysectomized rats " Male Sprague Dawley rats were either sham-operated or 

hypophysectomized and WAT was collected 4 weeks after surgery as described previously 

(Barreiro et al. 2002). 

 

Growth hormone deficient dwarf rats " WAT was collected from 7-week-old controls and 

GH-deficient Lewis male rats, commonly referred to as spontaneous dwarf (SDR). In these 

rats, circulating GH levels are undetectable, due to a spontaneous point mutation in the GH 

gene resulting in a premature stop codon (Charlton et al. 1988). 

 

Gonadectomized rats " At P21, male and female Spra- gue Dawley rats were sham-operated 

or gonadectomized and killed 24 days post-surgery and WAT samples collected, as 

previously reported (Nogueiras et al. 2003). 

 

Adrenalectomized rats " Sprague Dawley rats were either sham-operated or bilaterally 

adrenalectomized, as previously reported (Barreiro et al. 2002). Both sham- operated and 

adrenalectomized rats received a daily s.c. administration of 40 mg dexamethasone 

dissolved in 200 ml saline or 200 ml saline alone for 8 days. Thereafter, sampling of WAT 

was carried out. 

 

Hypo- and hyper-thyroid rats " Hypothyroidism was induced in male Sprague Dawley rats 

by adding 0.1% 3-amino-1,2,4-triazole to the drinking water, and hyperthyroidism was 

induced by chronic s.c. admini- stration of 100 mg/day L-thyroxine sodium salt penta- 

hydrate, as previously reported (Lopez et al. 2001). The efficiency of the treatments was 
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confirmed by evaluating the circulating levels of T4 and T3. Data from L-thyroxine-treated 

animals has been recently published (Varela et al. 2012). Administration of amino-triazole 

significantly decreased plasma levels of both T4 (107G9 vs 56G7 nmol/l in control animals 

and treated animals respectively; P!0.01) and T3 (1.63G0.1 vs 0.56G0.09 nmol/l in control 

animals and treated animals respectively; P!0.001). 

 

Immunohistochemistry  

Immunohistochemical detection of Rab18 was carried out in paraffin-embedded sections of 

visceral fat from adult (P90) male Sprague Dawley rats, which were processed as described 

previously (Archanco et al. 2007). Briefly, tissue sections were pre-incubated (1 h at room 

tempera- ture) with 1:20 normal goat serum in 0.05 M Tris–HCl buffer, 0.5 M NaCl, pH 

7.6 (TBS), and exposed overnight (4 8C) to anti-rat RAB18 antibody (1:500). The signal 

was detected using the Envision Method Kit consisting of a goat anti-rabbit IgG secondary 

antibody coupled to a peroxidase-labeled dextran polymer. Peroxidase activity was 

revealed using 0.03% 3,3-diaminobenzidine. The reaction was stopped by a wash with 

TBS. Finally, sections were dehydrated and mounted with a mixture of distyrene, a 

plasticizer, and xylene (DPX). Negative control slides without primary antibody were 

included to assess nonspecific staining. 

Immunohistochemical detection of Rab18 was also performed in freshly isolated mature 

adipocytes fixed with 4% paraformaldehyde (15 min) and then incubated with PBS 

containing 0.1% saponin and 1% BSA (1 h at RT). Cells were exposed overnight to anti-rat 

RAB18 antibody (1:500), followed by a 2-h incubation with anti-rabbit Alexa594-

conjugated secondary antibody (1:500). The signal was visualized using a TCS-SP2- 

AOBS confocal laser scanning microscope (Leica Corp., Heidelberg, Germany). 
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Western blot analysis 

Samples of total adipose tissue, mature adipocytes, and SVF were disrupted in lysis buffer 

(20 mM Tris, pH 7.4, 150 mM NaCl, 1% Triton, and protease inhibitors). Total protein 

(150 mg/lane) was loaded in 12.5% SDS–PAGE gels and transferred to nitrocellulose 

membranes. After Ponceau staining to ensure equal sample loading, membranes were 

blocked for 1 h with 5% dried milk in TTBS (TBS buffer with 0.05% Tween 20). 

Thereafter, membranes were incubated with primary antibodies (rabbit anti-rat RAB18, 

rabbit anti-mouse adiponectin, or rabbit anti-human CD45) overnight at 4 8C, washed 

and incubated with peroxidase-conjugated secondary 

antibodies for 1 h at room temperature. Rabbit polyclonal anti-b-actin antibody was 

employed as a loading control. The signal was detected using the ECL Plus Detection 

System (GE Healthcare). 

 

Real Time RT-PCR  

Total RNA was isolated from WAT samples using TRIzol reagent. To assess RNA 

quality, the 260 nm/280 nm absorbance ratio was measured and samples were only used 

when this ratio was w2. RT reactions were carried out in a 20 ml final volume by adding 2 

mg total RNA, 1 ml PowerScript, 10 mM dNTP mixture, and 250 ng random hexamer 

primers. The reaction mixtures were incubated at 70 8C for 10 min and at 42 8C for 1 h and 

then heated at 70 8C for 15 min and cooled on ice. Real-time RT-PCR was performed using 

SYBR Green tagging quantification in an iCycler IQ PCR detection System (Bio-Rad) 

according to the manufacturer’s instructions. The specific primers used were 50-

CTCTGAAGATCCTCATCATTGG-30 sense and 50-
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CTTTCTTGACCAGCTGTATCCCA-30 antisense for rat Rab18 and 50-

CTCTGAAGATACTCATCATCGG-30 sense  and  50-

CCTCTCTTGACCAGCTGTATCCCA-30  anti-sense for mouse Rab18. Both primer pairs 

amplify 185 bp fragments. As endogenous reference genes, the hypoxanthine 

phosphoribosyltransferase gene (Hprt) (for studies in rat adipose tissue) or the 18S small 

subunit ribosomal RNA gene (for studies in mouse adipose tissue) were amplified in 

parallel to Rab18 using the specific primers 50-CAGTCCCAGCGTCGTGATTA-30 sense 

and 50-CTCTGAAGATCCTCATCATTGG-30 antisense, which amplify a 139 bp fragment 

of the rat Hprt gene, and  50-CCCATTCGAACGTCTGCCCTAT-30  sense  and 

50-TGCTGCCTTCCTTGGATGTGGTA-30 antisense, which amplify a 137 bp 

fragment of the mouse 18S rRNA gene. PCRs consisted of an initial activation and 

denaturing cycle at 95 8C for 5 min, followed by 35 cycles at 95 8C/30 s, 60 8C/30 s, and 

72 8C/30 s. The amount of PCR products formed in each cycle was estimated on the basis 

of SYBR Green I fluorescence dye. Controls consisting of reaction mixture without cDNA 

were negative in all runs. cDNAs were sequenced to ensure that the correct mRNA tran- 

scripts were quantified (Central Sequencing Service, University of Cordoba, Cordoba, 

Spain). 

Calculation of relative expression levels of the different transcripts was performed 

based on the cycle threshold (CT) method. Thus, the CT value for each sample was 

calculated using the iCycler iQ real-time PCR detection system software with an automatic 

fluorescence threshold setting. Reactions were performed in triplicate. Standard curves 

were constructed for Rab18 and the housekeeping genes and amplification profiles were 

analyzed off-line using the iCycler IQ optical system software 3.1 (Bio-Rad). 
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Statistical analysis  

The number of animals used in each experimental setting is indicated in the figures. In 

each experiment, all samples were processed at the same time in order to reduce inter-

experimental variability. Single comparisons were performed using Student’s t test. 

Multiple comparisons were assessed by one-way ANOVA followed by a Newman-Keuls 

test for parametric data or by Kruskal-Wallis followed by a Dunn’s test for non-parametric 

data using GraphPad Prism 4 (La Jolla, CA). Differences were considered statistically 

significant if P < 0.05. 
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Results 

Distribution of Rab18 in adipose tissue 

Immunohistochemical examination of WAT sections or isolated mature adipocytes 

revealed that Rab18 immunoreactivity was present at the surface of the characteristically 

large unilocular LD (Fig. 1A and B). Rab18 immunoreactivity also showed a diffuse distri- 

bution within the thin layer of cytoplasm between the LD and the cell surface in isolated 

adipocytes (Fig. 1B). Immunoblotting confirmed the presence of Rab18 immunoreactivity 

in mature adipocytes isolated from visceral and subcutaneous WAT, which also showed a 

strong immunosignal for the adipocyte marker, adipo- nectin, but not for the leukocyte 

marker CD45 (Fig. 1C). Rab18 immunosignal was also noticeable in the SVF of 

subcutaneous and visceral fat, characterized by the expression of CD45 (Fig. 1C). 

 

Influence of age and gender on Rab18 expression 

In WAT from both male and female rats, Rab18 expression was undetectable at P15 

but was clearly detectable at P45, where levels remained constant up to P90, with no 

apparent sex differences (Fig. 2). 

 

Effect of fasting on WAT Rab18 mRNA expression 

As shown in Fig. 3A, Rab18 transcripts in visceral WAT increased with fasting, in a 

time-dependent manner, reaching a maximal value after 48 h of fasting (13-fold increase  

compared  with  control  animals).  Rab18 expression levels in subcutaneous WAT also 

increased after 12 h of fasting (15-fold increased compared with ad libitum-fed mice). 

However, in contrast to that observed in visceral fat, Rab18 mRNA levels in subcutaneous 

WAT tended to return to fed levels with prolonged fasting (24 and 48 h; Fig. 3B). Similar 



 

 

13 

results were observed when RAB18 protein content in samples from fasted mice was 

assessed by immunoblotting (Fig. 3C). 

 

Effects of diet-induced and genetic obesity on Rab18 expression 

Ten weeks of HFD increased visceral WAT Rab18 mRNA levels to sixfold that 

observed in LFD controls (Fig. 4A). Likewise, Rab18 mRNA levels in subcutaneous WAT 

were tenfold higher in mice fed HFD than in mice fed LFD (Fig. 4B). After 16 weeks of 

HFD, visceral and subcutaneous WAT Rab18 transcript levels remained elevated (Fig. 4C 

and D), although differences between HFD-fed and LFD-fed animals were less pronounced 

than in the 10-week group. Rab18 mRNA content in visceral and subcutaneous fat from 

obese, leptin-deficient mice (i.e. ob/ob mice) was also dramatically elevated in both 

visceral (Fig. 4E) and subcutaneous (Fig. 4F) WAT, compared with lean controls (400- and 

300-fold respectively). The differences in Rab18 mRNA levels in visceral WAT were 

largely matched by changes in protein expression; however, RAB18 protein levels in 

subcutaneous WAT did not differ between LFD and HFD groups (Fig. 4G). 

RAB18 protein content was higher in both visceral and subcutaneous adipose tissue 

of ob/ob animals than in their corresponding control counterparts (Fig. 4H). As shown in 

Fig. 4G and H, adiponectin protein expression in adipose tissue decreased in both diet-

induced and genetic obesity, with the most pronounced differences observed in visceral 

WAT. 

Similar to that found in ob/ob mice, visceral WAT samples from NZO mice also 

showed increased levels of Rab18 expression compared with their corresponding lean 

control animals (14-fold higher; Fig. 5A), although differences were less pronounced than 
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those observed in ob/ob mice. Interestingly, similar to that observed in lean mice (Fig. 3A), 

48-h fasting increased Rab18 mRNA content in visceral WAT of NZO mice (Fig. 5B). 

 

Hormonal regulation of WAT Rab18 gene expression 

Given the involvement of pituitary hormones, and those produced by other endocrine 

tissues controlled by this gland, in the regulation of adipocyte lipid metabolism (Schaffler 

et al. 2005, 2006), we explored the impact of disrupting pituitary hormone output on Rab18 

mRNA levels in WAT. As illustrated in Fig. 6A, Rab18 expression was 1.9-fold higher in 

hypophysectomized rats than in sham-operated animals, thus indicating that pituitary 

hormones, either directly or via their actions on peripheral glands, could be involved in the 

regulation of Rab18 gene expression in WAT. To ascertain which pituitary hormone(s) are 

responsible for maintaining WAT Rab18 expression, Rab18 mRNA levels were measured 

in GH- deficient (dwarf; Fig. 6B), gonadectomized (Fig. 6C and D), adrenalectomized 

(with and without dexamethasone treatment; Fig. 6E), and hyperthyroid rats (Fig. 6F) and 

found not to differ from their respective controls. However, of note, hypothyroidism 

increased WAT Rab18 mRNA (Fig. 6F) and protein (Fig. 6G) levels compared with 

euthyroid rats. 
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Discussion 

In this study, we demonstrate that Rab18, which is associated with the surface of LDs 

in primary adipocytes, is regulated in WAT in an age- and depot-dependent manner, in 

relation to the energy status (i.e. fasting and diet-induced or genetic obesity), and thyroid 

function. These observations, mostly based on mRNA data, are in agreement with previous 

functional results supporting the participation of Rab18 in the regulation of lipid 

metabolism in adipose tissue (Pulido et al. 2011). 

During postnatal development, Rab18 expression was undetectable in visceral WAT 

from P15 rats, thereby suggesting that this GTPase is not required for the initial expansion 

of adipose tissue, which occurs in early postnatal life (Gregoire et al. 1998). However, 

RAB18 expression exhibited a marked increase during puberty, reaching the highest levels 

at P45 and remaining elevated thereafter. This age-related increase in RAB18 expression 

coincides with the period of highest adipocyte hypertrophy in rat WAT, which occurs 

between P40 and P80 and is characterized by an increase in the lipogenic activity and a 

decline in the lipolytic rate of adipocytes (Tsujikawa & Kimura 1980, Herrera & 

Amusquivar 2000). Accordingly, it has been reported that Rab18 mRNA expression and 

protein content increased in 3T3-L1 adipocytes as these cells accumulated lipids during 

differentiation (Pulido et al. 2011). This may account for the presence of Rab18 

immunoreactivity in the SVF of both subcutaneous and visceral fat, as this component of 

WAT contains a population of preadipocytes (Frayn et al. 2003). Nevertheless, we cannot 

exclude the possibility that other cell types in the SVF can also contribute to the changes in 

Rab18 mRNA content observed in this study. 

It is notable that in spite of the sexual differences in the lipolytic and lipogenic rates 

of adipose tissue, which have been largely attributed to the influence of sex steroids (Shi & 
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Clegg 2009, Shi et al. 2009), no gender-related differences in Rab18 mRNA expression 

were observed at any of the ages tested, even in periods of increased sex steroids levels (i.e. 

puberty). In line with this, we observed that gonadectomy did not modify Rab18 transcript 

levels in WAT. 

Our study also showed that fasting induced a strong, time-dependent increase in 

Rab18 gene expression in WAT, which supports the participation of this protein in the 

adaptive response of adipose tissue to maintain whole- body homeostasis. During fasting, 

increased concen- trations of circulating catecholamines and glucocorticoids promote 

mobilization of lipid stores from adipose tissue (Langin 2006, Rose et al. 2010). 

Glucocorticoids do not appear to play a major role in the regulation of Rab18 expression in 

WAT as much as administration of dexa- methasone to either adrenalectomized or sham-

operated animals did not alter the expression levels of this GTPase. Additionally, exposure 

of 3T3-L1 adipocytes to dexa- methasone had no effect on Rab18 mRNA levels (Pulido et 

al. 2011). On the other hand, the b-adrenergic agonist isoproterenol, besides increasing the 

association of this protein to the LD surface, enhanced Rab18 transcript and protein content 

in 3T3-L1 cells (Pulido et al. 2011). Taken together, these data suggest the involvement of 

Rab18 in b-adrenergic receptor-stimulated lipolysis during short- term energy deficit. Our 

results on the distinct time– course profile of Rab18 mRNA expression exhibited by 

subcutaneous and visceral fat in response to fasting also support this notion. To be more 

specific, whereas Rab18 mRNA content in visceral fat increased steadily over a 48-h 

fasting period, subcutaneous fat exhibited a sharp but transient increase in Rab18 mRNA 

levels in response to food deprivation. Moreover, changes in RAB18 protein content in 

adipose tissue samples induced by fasting were similar to those observed for Rab18 

mRNA. These observations are in accordance with the higher expression levels of b-
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adrenergic receptors and increased b-adrenergic stimulation of lipolysis exhibited by 

visceral, compared with subcutaneous, WAT (Hoffstedt et al. 1997, Umekawa et al. 1997, 

Portillo et al. 2000). Moreover, visceral fat is more responsive to fasting conditions than 

subcutaneous fat with regard to the induction of the lipolytic enzymes, hormone-sensitive 

lipase (HSL; Akesson et al. 2003), and adipose triglyceride lipase (ATGL; Palou et al. 

2010). In this context, the results of the current study raise the possibility that Rab18 

induction may help to sustain the higher lipolytic activity of visceral vs subcutaneous fat in 

response to energy deprivation. 

Remarkably, we observed that Rab18 mRNA levels in WAT were strongly increased 

in obesity induced by HFD, hyperphagia due to leptin deficiency (ob/ob mice), or to 

polygenic alterations (New Zealand mice). A similar trend was observed for RAB18 

protein expression in WAT from HFD mice and ob/ob mice. In agreement with these 

findings, we have recently shown that obese humans also exhibit enhanced Rab18 

expression levels in both visceral and subcutaneous fat (Pulido et al. 2011). Together, these 

data suggest that Rab18 may be involved in the metabolic changes occurring in fat under 

con- ditions of energy excess. In particular, HFD-induced obesity is characterized by 

increased basal catechol- amine-induced lipolysis (Jocken & Blaak 2008, Gaidhu et al. 

2010). Likewise, adipose tissue of ob/ob mice exhibits higher rates of net lipolysis than 

their lean controls (Turner  et  al.  2007).  Intriguingly,  although  gene expression studies 

have commonly reported reduced or normal expression levels of lipogenic genes in ob/ob 

mice (Nadler et al. 2000), measurement of triacylglyceride synthesis and de novo 

lipogenesis has revealed that adipose tissue capacity for lipid anabolism and storage is 

markedly increased in these animals (Turner et al. 2007). Notably, overexpression of Rab18 

stimulates both lipolytic and lipogenic rates in 3T3-L1 adipocytes (Pulido et al. 2011). 
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According to these data, it is tempting to propose that this protein could participate in the 

regulation of lipid mobilization from (i.e. lipolysis) and to (i.e. lipogenesis) LDs in 

response to increased adiposity. 

Besides the marked effects on Rab18 mRNA levels triggered by changes in the 

energy status, disruption of pituitary signaling also altered the expression of this GTPase in 

WAT. Specifically, WAT Rab18 mRNA levels increased significantly in 

hypophysectomized rats, indi- cating that pituitary hormones, either directly or through 

their action on target glands, regulate the expression of this GTPase. However, most of the 

experimental procedures aimed at disrupting different pituitary-related endocrine axes were 

ineffective at altering Rab18 expression, with the exception of hypothyroidism. Speci- 

fically, hypothyroidism upregulated Rab18 mRNA expression, as hypophysectomy did, and 

also increased WAT RAB18 protein content. Interestingly, both hypo- physectomy and 

hypothyroidism have been shown to decrease basal and catecholamine-stimulated lipolysis 

(Malbon et al. 1978, Mills et al. 1986, Yang et al. 1996), where lipogenesis is unchanged or 

increased (Correze et al. 1982, Baht & Saggerson 1988, Hausman et al. 1999). In all, our 

data suggest that hypophysectomy-induced effects on Rab18 mRNA expression may be 

mediated by the decrease in circulating thyroid hormones resulting from the lack of 

pituitary TSH. Nonetheless, we cannot exclude the possibility that other pituitary hormones 

(or lack thereof) not investigated in this study and known to act on adipose tissue, such as 

PRL (Brandebourg et al. 2007), might also be responsible, at least in part, for the effects 

observed in hypophysectomized animals. 

From the findings reported herein, it is worthy to highlight that Rab18 expression is 

upregulated in rodent WAT from both visceral and subcutaneous depots in response to 

different metabolic situations, which might represent an adaptive response to overcome the 
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altera- tions in lipid metabolism occurring under such con- ditions. Thus, Rab18 is induced 

in states of augmented lipogenesis and decreased lipolysis, as occurs during postnatal 

development, when the pituitary/thyroid axis is disrupted, in states of increased lipolytic 

activity mediated by sympathetic signaling triggered by fasting, and in states of increased 

lipogenic and lipolytic activities as a result of obesity. These observations are largely in 

accordance with our previous functional data in 3T3-L1 adipocytes demonstrating the 

participation of Rab18 as a common intracellular mediator of lipolysis and lipo- genesis 

(Pulido et al. 2011). Together, these data suggest the involvement of Rab18 in the 

regulation of lipid metabolism in adipose tissue under physiological and pathological 

conditions and provide further support to the idea that this may occur by controlling both 

the lipolytic and the lipogenic activities of adipocytes. 
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FIGURE LEGENDS 

 

Figure 1. Distribution of Rab18 in rat WAT. Rab18 immunohistochemistry in paraffin 

sections from adult rat visceral (perigonal) adipose tissue (A) and in isolated mature 

adipocytes (B). Scale bars, 25 mm. (C) Immunoblot analysis of Rab18 in total adipose 

tissue (WAT) as well as in mature adipocytes (MA) and the SVF of visceral and 

subcutaneous fat. A single immunoreactive band of 23 kDa corresponding to mouse Rab18 

was found. Adiponectin and CD45 were employed as markers of mature adipocytes and 

SVF respectively. 

 

Figure 2. WAT Rab18 expression during rat postnatal development. WAT Rab18 

expression was evaluated in both male (solid bars) and female rats (open bars) at postnatal 

(P) day 15, 45, 60, and 90 by quantitative RT-PCR. Rab18 expression levels were adjusted 

by the expression levels of the house- keeping gene, HPRT. Mean Rab18 mRNA levels 

were then then expressed as a percentage of Rab18 mRNA levels in adipose tissue of male 

rats at postnatal day 45 (100%). Data represent the mean ± SEM (n= 4 to 6 animals per 

group). No statistical differences in Rab18 mRNA content were observed in relation to 

gender or age from P45 onwards.  

 

Figure 3. Effects of fasting on WAT Rab18 expression. Quantification of Rab18 mRNA 

levels in visceral (A) and subcutaneous (B) WAT from mice subjected to food deprivation 

for 12, 24 and 48 h. Rab18 expression levels were adjusted by the expression levels of the 

housekeeping gene,18s RNA. Data represent the mean ± SEM (n= 3 to 6 animals per 

group). **, P < 0.01, and ***, P < 0.001 vs. corresponding controls; #, P < 0.05 vs. 12-h 
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fasting. (C) Rab18 protein content in visceral and subcutaneous adipose tissue samples of 

control mice and mice fasted for 12h or 24 h. Adiponectin and b-actin were also evaluated 

in each blot. 

 

Figure 4. Effects of diet-induced and genetic obesity on WAT Rab18 expression. Rab18 

mRNA levels were analyzed in visceral (A, C and E) and subcutaneous (B, D and F) WAT 

obtained from mice fed on a high- or a low-fat diet (HFD and LFD, respectively) for 10 (A 

and B) or 16 (C and D) weeks and in chow-fed leptin-deficient ob/ob mice and their lean 

controls (E and F).. Results are expressed as a percentage of Rab18 mRNA levels in 

animals fed LFD (A-D) or in lean control mice (E and F) (100%). Data represent the mean 

± SEM (n= 4 to 6 animals per group). *, P < 0.05 and *** P < 0.001 vs. corresponding 

controls. Representative blots showing Rab18 protein content in visceral and subcutaneous 

adipose tissue samples of LFD and HFD mice (G) and of control and ob/ob mice (H). 

Adiponectin and b-actin were also evaluated in each blot. 

 

Figure 5. WAT Rab18 expression in New Zealand (NZO) obese mice. (A) Rab18 mRNA 

levels were analyzed in visceral WAT of NZO mice and their corresponding controls. (B) 

NZO mice were subjected to food deprivation for 48 h. Results are expressed as a 

percentage of Rab18 mRNA levels in animals control (100%). Data represent the mean ± 

SEM (n= 3 to 5 animals per group). *, P < 0.05; **, P < 0.01 vs. corresponding controls. 

 

Figure 6. Hormonal regulation of WAT Rab18 gene expression. The contribution of 

pituitary-regulated endocrine axes to the control of WAT Rab18 mRNA expression was 

studied in hypophysectomized (HPX) (A), GH-deficient (Dwarf) (B), orchidectomized 
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(OCX) (C), and ovarectomized (OVX) (D) rats, as well as in adrenolectomized (ADX) 

animals with (ADX+D) or without dexamethasone replacement (E), and in eu-, hypo- and 

hyperthyroid rats (F). Hormonal deficiency was induced in each case as described in 

Materials and Methods section. Results are expressed as a percentage of Rab18 mRNA 

levels in each respective control (100%). Values are the mean ± SEM (n= 3 to 6 animals 

per group). *, P < 0.05 and **, P < 0.01 vs. euthyroid and sham-operated rats, respectively. 

(G) Representative blots showing Rab18 and adiponectin protein content in adipose tissue 

samples of control, hypo- and hyperthyroid rats.  
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