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Abstract

Objectives—Obesity, an emerging global health issue, involves numerous factors; understanding 

its underlying mechanisms for prevention and therapeutics is urgently needed. Cellular retinoic 

acid binding protein 1 (Crabp1) knockout (CKO) mice exhibit an obese phenotype under normal 

diet feedings, which prompted us to propose that Crabp1 could play a role in modulating adipose 

tissue development/homeostasis. Studies were designed to elucidate the underlying mechanism of 

Crabp1’s action in reducing obesity.

Subjects/methods—In animal studies, 6 weeks old male wild type and CKO mice were fed 

with normal diet (ND) or high fat diet (HFD) for 10 weeks. Body weight and food intake were 

regularly monitored. Glucose tolerance test and biological parameters of plasma (glucose and 

insulin levels) were measured after 10 weeks of ND vs. HFD feedings. Visceral adipose tissues 

were collected for histological and molecular analyses to determine affected signaling pathways. 

In cell culture studies, the 3T3L1 adipocyte differentiation model was used to examine and 

validate relevant signaling pathways.

Results—CKO mice, compared to WT mice, gained more body weight, exhibited more elevated 

fasting plasma glucose levels, and developed more severe impaired glucose tolerance under both 

ND and HFD. Histological examination revealed readily increased adipocyte hypertrophy and 

adipose tissue inflammation under HFD feedings. In 3T3L1 adipocytes, Crabp1 silencing 

enhanced extracellular signal-regulated kinase 1/2 (ERK1/2) activation, accompanied by elevated 

markers and signaling pathways of lipid accumulation and adipocyte hypertrophy.

Conclusions—This study identifies Crabp1’s physiological role against the development of 

obesity. The protective function of CRABP1 is likely attributed to its classically proposed 

(canonical) activity as a trap for RA, which will reduce RA availability, thereby dampening RA-

stimulated ERK1/2 activation and adipocyte hypertrophy. The results suggest Crabp1 as a 

potentially new therapeutic target in managing obesity and metabolic diseases.
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Introduction

Obesity and its associated complications contribute to the development of type 2 diabetes 

and metabolic syndrome, and represent one of the most serious public health problems [1–

3]. White adipose tissue (WAT) plays a critical role in whole body energy homeostasis. 

Expanding WAT mass during the development of obesity is associated with insulin 

resistance (IR) and related complications [4]. WAT mass expansion occurs through two 

major mechanisms: hyperplasia (increasing cell number) and hypertrophy (increasing cell 

size) [4, 5]. Improper size expansion of adipocytes results in a loss of insulin sensitivity and 

changes in secretary patterns of adipocyte cytokines, indicative of a pro-inflammatory stage 

[3, 6]. The underlying mechanisms of adipocyte differentiation and expansion involve a 

group of transcriptional factors such as activating protein-1 (AP-1), peroxisome proliferator-

activated receptors gamma (PPARγ), CCAAT-enhancer-binding proteins (CEBPs), krupple-

like factors (KLFs) and sterol regulatory element-binding protein-1 (SREBP-1) [7]. Highly 

conserved signaling pathways, including Wnt/β-catenin and hedgehog signaling cascades, 

are also involved in adipogenesis process. [8, 9]. Additionally, the extracellular signal-

regulated kinase 1/2 (ERK1/2) is known to promote adipocyte differentiation and 

hypertrophy [10, 11]. Importantly, pharmacological treatment to reduce adipocyte 

hypertrophy has been shown to improve IR and resolve adipose inflammation [10, 12, 13]. 

Identifying factors contributing to these adipose tissue expansion and inflammatory signal 

pathways is important for managing obesity and associated metabolic diseases.

Cellular retinoic acid binding protein 1 (Crabp1) is a cytosolic protein with a high-affinity 

toward retinoic acid (RA). Classically, it is believed that Crabp1 acts to modulate free 

cellular RA concentration, thereby modulating RA-regulated gene expression [14, 15]. 

Although this is believed to be the primary function of Crabp1, recent studies have also 

revealed certain non-canonical activities of Crabp1, such as rapidly regulating signaling 

pathways like ERK1/2 [16, 17] and calcium-calmodulin protein kinase II (CaMKII) [18] 

signaling cascades without affecting genome activity. These non-canonical activities of 

Crabp1 have been demonstrated to modulate specific cellular processes in a context 

dependent manner, for example, in stem cell cycle control [19] and cardiomyocyte function 

[18].

Previously, in a 3T3L1 adipocyte differentiation model, we found that Crabp1 expression 

was dramatically reduced in differentiating adipocytes [20], suggesting that Crabp1 might be 

involved in adipocyte differentiation/expansion. Interestingly, we recently found that Crabp1 

knockout (CKO) mice gained more weight than wild type mice even under normal diet (ND) 

feedings. We thus examined whether high-fat diet (HFD) might further affect the 

development of obesity in CKO, aiming to understand the physiological role of Crabp1 in 

adipocyte differentiation/adipose tissue remodeling during the development of obesity and 

IR.

Our results presented here show that expressing Crabp1 can also prevent HFD-induced 

adipocyte hypertrophy, corresponding with reduced ERK1/2 activation (such as that 

stimulated by RA) and associated adipocyte differentiation. In this context Crabp1 exploits 

its classically proposed (canonical) function as an RA trap to limit RA availability, thus 
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dampening ERK1/2 activity for adipocyte differentiation/hypertrophy. As such, CKO mice 

exhibit increased WAT hypertrophy, increased IR, and adipose inflammation. This is the first 

study demonstrating a new physiological role for Crabp1 in modulating adipose tissue 

homeostasis.

Material and Methods

Animals

Male wild type C57BL/6J mice were obtained from The Jackson Laboratory. C57BL/6J 

background Crabp1-null (CKO) mice were generated as described [18, 19] from a Crabp1-

targeted DE3 (ES) clone containing an interrupted Crabp1 allele with a 5 bp insertion. Mice 

were randomly divided into designated experimental groups, and 3 mice were housed in one 

cage. Mice were maintained in the University of Minnesota animal facility on a 14-hour 

light/10-hour dark cycle (lights on/off at 0600/2000) at 22 ± 1 °C with ad-lib food and water. 

All animals were health before experiments and exhibited no adverse effects after 

experiments. Normal diet (ND) (2018; Harlan Teklad, Madison, WI) and high-fat diet 

(HFD) with 60% calories from fat (F3282; Bio-Serv, West Chester, PA) were provided to 

animals during the experiment period. Experimental procedures were in accordance with 

NIH guidelines and approved by the University of Minnesota Institutional Animal Care and 

Use Committee.

Cell culture

The 3T3L1 cell line was a kind gift from Dr. David Bernlohr, University of Minnesota. 

3T3L1 cells’ adipocyte differentiation was induced by an adipogenic cocktail as described 

[20]. Cells were regularly tested for mycoplasma contamination. For Crabp1 silencing, 

3T3L1 cells were transfected with negative- control scramble siRNA vs. Crabp1 siRNA 

using Hiperfect transfection reagent (Qiagen) according to manufacturer instructions. The 

siRNAs were transfected prior to differentiation and again on differentiation day 4. Mouse 

Crabp1 siRNA sequences were 5′-CACGTGGGAGAATGAGAACAA-3′ and 5′-

CAGCTTGTTCCTGCTTCATGA-3’.

Glucose tolerance test (GTT)

Mice were fasted overnight and the baseline blood samples were collected. After D–glucose 

(2 g/kg) i.p. injection, mice blood glucose levels were measured every 30 minutes with a 

glucometer (OneTouch Ultra).

Histology

Tissues were fixed with 10% formalin and embedded in paraffin by Comparative Pathology 

Shared Resource (CPSR), University of Minnesota. Paraffin-embedded tissues were 

sectioned and stained with hematoxylin and eosin (H&E) for morphometric study.

Western blotting

Protein samples were isolated and processed as described [21]. Anti-phospho-ERK1/2 

(catalog# 9101, 1/1000) and anti-ERK1/2 (catalog# 9102, 1/1000) antibodies were obtained 
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from Cell Signaling. Anti-β-actin (catalog# SC-47778, 1/1000) and anti-rabbit-IgG-HRP 

(catalog# SC-2357, 1/5000) antibodies were obtained from Santa Cruz. Anti-mouse-IgG-

HRP (catalog# GTX26789, 1/5000) antibody was obtained from GeneTex.

RNA isolation and gene expression analysis

Total RNA was isolated using Trizol reagent according to manufacturer instructions 

(Invitrogen). Complimentary DNA was obtained using High-Capacity cDNA Reverse 

Transcription Kit (Applied Biosystems). Quantitative real-time PCR (QPCR) was performed 

using Maxima SYBR Green qPCR Master Mixes (Thermo Scientific) as described 

previously [22]. Analysis for each gene was carried out three times and normalized to β-

actin housekeeping gene expression. Primer information is provided in Supplementary 

Information.

Oil Red O staining

Fixed cells were stained with oil red O as described [23]. Briefly, cells were stained with oil 

red O working solution (0.3% w/w) for 10 minutes. Oil red O was eluted by 100% 

isopropanol and optical density at wavelength 500 nm was determined for quantification.

Plasma measurement

Mice were fasted for 16 h for collecting fasting plasma. Blood was collected at the time of 

sacrifice. Fasting plasma insulin levels were measured using an insulin ELISA kit according 

to manufacturer’s instruction (catalog number EMINS; ThermoFisher Scientific).

Statistical analysis

Sample size for animal experiments were determined based on previous studies using HFD 

mouse models. No animals were excluded from the analyses. The investigators were not 

blinded to the group allocation during the experiment. Two-way ANOVA or unpaired two-

tailed Student’s t-test was used when appropriate for comparison among groups. Data were 

normal distributed and variance was similar between the groups that are being statistically 

compared. Data were presented as means ± SEM. The comparison was considered 

statistically significant when p values ≤ 0.05 (* p < 0.05; * * p < 0.01; * * * p < 0.001).

Results

CKO mice gained more weight and developed diabetes complications.

Previously, our laboratory found that during adipocyte differentiation in vitro, Crabp1 

expression was initially up-regulated in 3T3L1 preadipocytes, but then the gene was silenced 

via heterochromatin formation when cultures were undergoing adipocyte differentiation 

[20]. The tight regulation of Crabp1 gene expression suggested that Crabp1 might play a 

role in regulating adipocyte differentiation. Given that adipose tissue is the primary 

contributor to the development of obesity, we then monitored the phenotype of CKO mice 

under ND and HFD feedings for a comparison to wild type mice. We found that CKO mice 

gained more body weight under both HFD and ND feedings (Fig. 1a). On average, WT 

mouse gained approximately 3 g during the 5 weeks of monitoring; whereas under the same 
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experimental condition, CKO mouse gained approximately 4 g. Even in ND, CKO mice 

readily gained more body weight at the age of 12 weeks. Careful weekly monitoring of diet 

consumption revealed that CKO mice consumed more food than wild type mice (Fig. 1b). 

We noticed that our measurements of food intake (0.25g/g vs. 0.3 g/g for WT vs. CKO) 

might have slightly over-estimated the food consumed (0.2g/g reported); this could be due to 

food dropped to the bedding without being consumed. Nevertheless, under the same 

experimental conditions, the difference in the amounts of food consumed by WT vs. CKO 

mice was obvious and statistically significant. We then monitored CKO mice for features of 

type 2 diabetes. First, GTT, performed at 10 weeks following HFD feedings, showed 

significant glucose intolerance in CKO mice, but there was no impaired islet insulin 

secretion (Fig. 1c, Fig. S1). Further, CKO mice presented higher fasting plasma glucose 

levels (Fig. 1d). These results showed that CKO mice under ND feedings readily developed 

obesity, and under HFD feedings further developed severe diabetes.

CKO mice presented WAT hypertrophy and inflammation.

Given that CKO mice were demonstrably prone to develop obesity and diabetes, we thus 

investigated their adipose tissues, especially WAT. We found that CKO mice gained more 

WAT mass under both ND and HFD feedings (Fig. 2a). Histological analysis of WAT 

revealed expanded adipocytes (increase in adipocyte size) and inflammation (Fig. 2b, 

arrows). We scored the adipocyte number within the same area between WT and CKO, 

which showed correspondingly reduced cell number in CKO tissue (Fig. 2b lower left 

panels) that exhibited apparent hypertrophy (Fig 2b lower right panels). However, we could 

not yet rule out the possibility of hyperplasia contributing to adipose expansion in CKO 

mice. This indicated that CKO mice’s WAT was more inflamed and exhibited hypertrophy. 

This hypertrophy phenotype was further validated in gene expression analyses of mesoderm 

specific transcript (Mest) and secreted frizzled related protein 5 (Sfrp5) (Fig. 2c) [24, 25]. 

Additional gene and metabolic analyses showed that the WAT of CKO mice, especially 

under HFD feedings, also accumulated more fat (indicated by increased perilipin 1 
expression in CKO/HFD as compared to WT/HFD WAT) and consumed less energy 

(indicated by decreased uncoupling protein 1 [UCP-1] expression in CKO/HFD as compared 

to WT/HFD WAT) (Fig. 2c).

Silencing Crabp1 led to fat accumulation and hypertrophy in adipocyte cultures.

The hypertrophic obese adipose phenotype of CKO mice suggests a dampening effect of 

Crabp1 upon adipose tissue formation. This is consistent with our previous finding, in an in 
vitro adipocyte differentiation model, of significantly decreased Crabp1 expression during 

adipocyte differentiation [20]. To validate the specific functional role of Crabp1 as a 

negative factor in adipocyte differentiation, we again employed this well-established 3T3L1 

adipocyte differentiation model, but now using gene silencing. Crabp1-specific siRNAs were 

used to silence Crabp1 expression in preadipocyte cultures that were then induced for 

adipocyte differentiation. The results showed that silencing Crabp1 indeed increased fat 

accumulation in the later stage of adipocyte differentiation (Fig. 3a). Consistently, not only 

perilipin-1 but also Cebpα, Cebpβ, and fatty acid binding protein 4 (Fabp4) adipocyte-

marker genes all were expressed at higher levels in fully differentiated adipocytes when 

Crabp1 is silenced (Fig. 3b).
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Moreover, silencing Crabp1 led to higher levels of adipose-cell hypertrophy markers (Mest 
and Sfrp5) (Fig. 3c). Mechanistically, we found that silencing Crabp1 resulted in specifically 

elevated ERK1/2 signaling, as indicted in increased pERK1/2 signal (Fig. 3d, top panels), 

which is known to promote both adipocyte hypertrophy and adipogenesis [10, 11]. In 

multiple classical studies reported earlier, ERK1/2 was known to be activated (and elevated) 

by canonical RA signaling [26, 27], while Crabp1 was known to reduce RA availability for 

its canonical gene regulatory actions including to elevate ERK1/2 signaling [15]. Therefore, 

silencing Crabp1 would increase RA availability, thereby enhancing ERK1/2 signaling and 

consequent adipogenesis and adipocyte hypertrophy. All together, this present study 

elucidates a new biological role for Crabp1 -- to negatively modulate adipocyte 

differentiation, and especially to block adipose hypertrophy and adipogenesis. Deleting 

Crabp1 thus enhances animals’ vulnerability to HFD-induced adipose hypertrophy and 

adipogenesis.

Discussion

RA, when exogenously administered pharmacologically, has been shown to inhibit, rather 

than induce, adipogenesis to suppress obesity in both cell and animal models [28–32]. One 

of the underlying mechanisms by which RA does so is by acting on PPARs and RA 

receptors (RARs). Pharmacological RA was also reported to activate Wnt signaling to 

inhibit adipogenesis [33]. Zfp423 transcription factor has been reported to be involved in 

anti-adipogenesis activity of RA [34]. RA is also known to balance adipose tissue immune-

homeostasis, including regulating nuclear factor kappa-light-chain-enhancer of activated B 

cells (NFκB) signaling, macrophage polarization, and regulatory T cell (Treg) polarization 

[35–38]. In contrast, findings have also been reported that RA can promote adipogenesis 

[39, 40]. These studies consistently suggested multiple pathways mediate such opposing 

actions of RA. However, because most of these studies applied RA as a pharmacological 
agent, the relevance of physiological RA, and of components like Crabp1 that regulate RA’s 

physiological availability, remained entirely unclear.

This current study employed a knockout mouse model aiming to determine the relevance of 

physiological RA by specifically examining the role of one of its metabolic regulators, 

Crabp1, that’s long been suggested to reduce its physiological availability. The enhanced 

vulnerability of the Crabp1-knockout “CKO” mice to both ND-associated and HFD-super 

induced adipose hypertrophy and adipogenesis indicates, first, that RA enhances the ultimate 

development of adipose tissues, and Crabp1 potentially serves as a “physiological resistor” 

that limits RA’s availability. If or when RA levels accidentally surge, Crabp1 will decrease 

any tendency to overtly acquire adiposity (adipose expansion). To this end, literature has 

reported that another RA binding protein, Crabp2, is repressed in early preadipocyte/

adipocyte differentiation. With this observation, the author suggested that down-regulating 

Crabp2 in preadipocyte would blunt RA’s early suppressive effect on adipogenesis [41]. 

Thus, an interesting possibility exists for a functional connection between Crabp1 and 

Crabp2 in maintaining adipose tissue homeostasis, such as to reduce RA’s availability for 

adipose expansion (via expressing Crabp1) and to suppress RA’s nuclear signaling (via 

reducing Crabp2) that limits early adipocyte differentiation. Validation of this interesting 

possibility will require further detailed studies in a physiological context.
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Among all members of RA-metabolizing or signaling pathways, Crabp1 is the most 

conserved protein. For instance, between mouse and human Crabp1’s, there is only one 

amino acid substitution in its entire coding region [14]. The high evolutionary conservation 

of this protein suggests an important physiological role for Crabp1 that benefits the survival 

or procreative well-being of both mice and men. Previous gene knockout studies reported 

that CKO mice seemed to exhibit no apparent phenotype under a normal laboratory housing 

condition [42, 43], which we assert may have led to underestimating the potential 

physiological importance of Crabp1. In our present study to examine the intersection 

between Crabp1 loss and diet in these CKO mutant mice, we uncovered a new physiological 

role for Crabp1 specifically in modulating adipose homeostasis. Previously, we have 

reported that young CKO mice (2 months old), while appearing normal in laboratories, 

exhibit more severe heart damage when mice are subjected to cardiac stress induction [18], 

indicating that Crabp1 serves also as a “physiological resistor” in the face of potential heart 

damages -- a cardiac protectant against catecholamine-induced damage. But in this case, the 

affected signaling pathway is CaMKII. These studies suggest there are multiple 

physiological functions and potential associated signaling pathways of Crabp1, and that they 

are likely to be cell/tissue context-dependent. More whole animal physiological studies are 

needed in order to uncover other potential physiological roles of Crabp1.

Proper WAT expansion and adipocyte differentiation provide a protective mechanism to 

store excess lipid [44]. However, nutrient overload leads to improper WAT expansion, 

resulting in hypoxia and inflammation especially in WAT [4]. These pathological features of 

WAT occur during the development of obesity, and can further lead to IR and related 

complications [4]. In this study, we found not only enhanced adipogenesis but also increased 

adipocyte hypertrophy in CKO mice. We also observed increased WAT inflammation 

(macrophage infiltration) in CKO mice (Fig. 2b). However, because Crabp1 expression in 

macrophages is very low, it doesn’t seem to have a direct effect in macrophage 

differentiation or maturation. It thus may be interesting to examine if CKO adipocytes could 

secrete certain adipokines that modulate macrophage infiltration and/or polarization.

Adipocyte differentiation is a highly regulated process that involves not only multiple sets of 

transcriptional factors but also various signaling pathways. Moreover, endocrine factors such 

as thyroid hormone and sterol hormones also critically control adipogenesis [7]. Studies 

have demonstrated that thyroid hormones regulate adipocyte development and are required 

for adipogenesis [45, 46]. Our previous studies demonstrated that thyroid hormones regulate 

the expression of Crabp1 in a biphasic manner. In pre-adipocytes, thyroid hormones first 

elevate the expression of Crabp1 [47]. Subsequently, thyroid hormones then repress the 

expression of Crabp1 during adipocyte differentiation through inducing heterochromatin 

formation of this gene and its complete silencing in differentiated adipocytes [20]. 

Consistently, results of our present study confirm that Crabp1 is not a desired component 

for, but rather is a negative modulator of, adipocyte differentiation.

ERK has been shown to promote adipogenesis in various in vitro models [11, 48, 49], as 

well as in embryonic stem cells committed to adipocyte lineage [27]. It has also been 

reported that ERK1 knockout mice are resistant to diet-induced obesity [50]. Inhibition of 

ERK activity, using potent MEK inhibitors U0126 and PD98059, likewise impedes 
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adipocyte differentiation [27, 51]. Recent studies also demonstrated that using chemicals 

that target the ERK signaling pathway effectively ameliorated obesity and IR by reversing 

WAT dysfunction and hypertrophy. In our current study, we likewise show that Crabp1 

dampens ERK activation and its downstream signaling, leading to reduced adipogenesis and 

adipocyte hypertrophy. Accordingly, we’ve diagrammed a proposed physiological pathway 

for Crabp1’s negative modulation of RA- and ERK-dependent adipogenesis and hypertrophy 

(Fig. 4). In this model, Crabp1 would employ its classically proposed (canonical) activity, 

which is to limit RA availability. This would reduce ERK1/2 signaling and subsequent 

adipocyte hypertrophy. With this model, we suggest that Crabp1 may also provide a 

potential therapeutic target in managing obesity or related metabolic diseases, although 

future physiological studies will be needed to elucidate such potential.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. CKO mice gained more weight and developed insulin resistance.
(a) Average body weight of WT and CKO mice fed a ND and HFD for 10 weeks; n=12 in 

WT-ND group; n=6 in WT-HFD, CKO-ND and CKO-HFD group. (b) Average body weight-

normalized daily food consumption (g/g/day) of ND-fed mice; n=6 mice per group. (c) GTT 

determined after 10 weeks of ND or HFD feeding; n=6 mice per group. (d) Fasting plasma 

glucose levels in ND- or HFD-fed WT and CKO mice; n=6 mice per group. Results are 

presented as mean ±S * p < 0.05, ** p < 0.01; *** p < 0.001 compared to WT group.
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Fig. 2. CKO mice presented WAT hypertrophy and inflammation.
(a) Average visceral WAT (vWAT) tissue mass of ND- or HFD-fed WT and CKO mice. (b) 

Top, H&E staining of vWAT of ND- or HFD-fed WT and CKO mice. Scale bar: 100 μm. 

Bottom, adipocytes per square millimeter and average adipocyte size of ND- or HFD-fed 

WT and CKO mice. (c) qPCR of Mest, Srfp5, Perilipin 1 and Ucp-1 mRNA levels in vWAT. 

Results are presented as mean ±SE; n=6 mice per group. * p < 0.05, ** p < 0.01; *** p < 

0.001 compared to WT group.
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Fig. 3. Silencing Crabp1 led to fat accumulation and hypertrophy in adipocytes.
(a) Oil red O staining of 3T3L1 differentiated adipocytes. Results are presented as oil red O 

intensity (optical density) normalized to the sc D0 group. (b) qPCR of Perilipin 1, Cebpa, 

and Fabp4 mRNA levels. (c) qPCR of Mest and Sfrp5 mRNA levels. (d) Western blots of 

phospho ERK1/2 (pEKR1/2), total ERK1/2 and β-actin protein levels. All experimental data 

were collected from 3T3L1-differentiated adipocytes with or without silencing Crabp1 on 

designated days. Results are presented as mean ±SE. * p < 0.05, ** p < 0.01; *** p < 0.001 

compared to sc group; sc, scramble control; siCrabp1, silencing Crabp1.
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Fig. 4. Proposed mechanism of the suppressive effects of Crabp1 in adipogenesis and adipocyte 
hypertrophy.
Pharmacological concentrations of RA (high conc.) inhibit adipocyte adipogenesis through 

β-catenin pathway to dampen CEBPβ activities. On the other hand, physiological 

concentrations of RA (low conc.) activate ERK1/2 signaling, promoting CEBPβ activities to 

trigger adipocyte adipogenesis and hypertrophy. Crabp1 binds RA to reduce free RA 

availability, thereby dampening ERK1/2 activation and leading to decreased adipogenic 

signaling. Deleting Crabp1 in CKO would increase RA available to tissues, resulting in 

enhanced ERK1/2 signaling and its downstream adipogenic signaling. This increases 

animals’ vulnerability to diet-induced obesity. According to this model, Crabp1 protects 

mice from developing obesity by reducing the adipogenesis and adipocyte hypertrophy.

Lin et al. Page 15

Int J Obes (Lond). Author manuscript; available in PMC 2019 December 05.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript


	Abstract
	Introduction
	Material and Methods
	Animals
	Cell culture
	Glucose tolerance test (GTT)
	Histology
	Western blotting
	RNA isolation and gene expression analysis
	Oil Red O staining
	Plasma measurement
	Statistical analysis

	Results
	CKO mice gained more weight and developed diabetes complications.
	CKO mice presented WAT hypertrophy and inflammation.
	Silencing Crabp1 led to fat accumulation and hypertrophy in adipocyte cultures.

	Discussion
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Fig. 4.

