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Aim 
To examine whether CAP1 mediates resistin actions and affects insulin sensitivity in the liver. 

Abstract 
Resistin is a pro-inflammatory adipokine produced by the white adipose 

tissue (WAT) adipocytes and macrophages. Obesity results in chronic in-

flammation of the WAT, marked by an increase in resistin and other inflam-

matory cytokines, and by infiltrating leukocytes. Elevated resistin levels are 

believed to play a major role in the development of insulin resistance in the 

peripheral tissues. Adenylyl cyclase-associated protein 1 (CAP1) was re-

cently identified as a receptor for resistin. In the present study we aimed to 

investigate whether CAP1 mediates resistin actions which may affect insu-

lin sensitivity in the liver. As a model we used BNL CL.2 mouse liver cell 

line. Concentration- and time-dependent experiments demonstrated that 

resistin upregulated TNFα, SOCS3, IL-1α, and IL-6 mRNA expression 

maximally when used in concentration of 12.5 ng/ml for 6 hours. In order to 

determine the CAP1 involvement in mediating resistin actions in the liver, 

we transfected BNL CL.2 cells with CAP1 siRNA  and performed a real-

time PCR array measuring the expression of 84 key genes involved in in-

sulin signaling, adipokine signaling, and inflammation. Results demonstrat-

ed that resistin upregulated mRNA expression of IL-6; this effect was ame-

liorated when CAP1 was downregulated. Knock-down of CAP1 facilitated 

mRNA expression of genes involved in insulin signaling and adipokine sig-

naling pathways, while it resulted in downregulation of infiltrating leukocyte 

markers expression. Taken together these results indicate that CAP1 is a 

mediator of resistin actions in the liver.  

To the best of our knowledge, this is the first study to demonstrate the role of CAP1 in mediating resistin signaling 

pathway in mouse liver cells. Further studies aiming to clarify the mechanisms of interaction between resistin and 

CAP1 are ongoing. 

Resistin is a cytokine produced mainly by the white adipose tissue (WAT) that plays a role in modulating insulin 

sensitivity of peripheral tissues. 1, 2, 3 Multiple clinical and in vivo studies involving genetic or diet-induced obesity 

models found that serum resistin levels correlate with WAT mass reaching highest levels in states of obesity. 4, 5, 6  

Conversely, weight loss is accompanied by a decrease in serum resistin levels. 7 

Adenylyl cyclase-associated protein 1 (CAP1) was recently identified as a receptor for resistin. 8  To date, there 

are no studies committed to examining the role of CAP1 in mediating resistin actions. 

Figure 3. Effect of CAP1 downregulation on resistin-mediated gene expression. Bar graphs show gene expression as fold-change com-
pared to control. First column represents resistin-treated BNL CL.2 cells, second column—CAP1 siRNA-transfected cells treated with resistin. 

Reagents 
Mouse recombinant resistin was purchased from Sigma-
Aldrich. The lyophilized form was reconstituted with water to 
a concentration of 100 μg/ml and further to a series of dilu-
tions of 50, 25, and 12.5 μg/ml, which were used for cell treat-
ment. 

Cell line 
Mouse embryonic liver BNL CL.2 cells were purchased from 
ATCC. Cells were grown in DMEM Medium supplemented 
with 10% FBS and 1x Antibiotic/Antimycotic Solution. 

Quantitative RT-PCR analyses 
RNA was extracted by using TRIzol/chloroform/iso-propanol 
method. For RT conversion, samples were normalized to 1 
mg/ml RNA and RT reaction was performed by using qScript 
cDNA Synthesis Kit (Quanta Bio) and SimpliAmp Thermal 
Cycler (Applied Biosystems). Quantitative PCR analyses 
were performed by using PowerUp SYBR Green Master Mix 
and QuantStudio 3 Real-Time PCR System (Applied Biosys-
tems). The specific primer sequences used for amplification 
are listed in Table 1. Each experiment was performed at least 
three times in duplicates, and for PCR analysis each samples 
was run twice. 

Table 1. List of primers used for qRT-PCR analyses. 

Western blot analyses 
Protein was extracted by using Pierce™ RIPA Lysis Buffer 
and protein concentrations were quantified by using Pierce™ 
BCA Protein Assay Kit and BioTek® plate reader and Gen5™ 
data analysis software. Normalized protein extracts were sep-
arated by SDS-PAGE and transferred onto nitrocellulose 
membranes. Membranes were blotted with anti-CAP1 
[EPR8339(B)] (Abcam, Cat. # ab155079) and anti-GAPDH 
(14C10) Rabbit mAb (Cell Signaling Technology, Cat. # 2118) 
and Pierce™ Goat Anti-Rabbit Horseradish Peroxidase Con-

jugated Secondary Antibody (Thermo Fisher Scientific). Pro-
tein bands were visualized by using SuperSignal West Pico 
Chemiluminescent Substrate and MyECL™ Imager (Thermo 
Fisher Scientific). 

siRNA transfection 
For transfection, 0.25-1x106 cells were seeded in 6-well plates 
24 hours prior to each experiment to achieve 60-80% conflu-
ency. UltraMEM™ Reduced Serum Medium (protein-free ba-
sal medium with selenium and without L-glutamine) (Lonza) 
in the absence of antibiotic was used during transfection to 
achieve optimal efficacy. Transfection was performed by us-
ing Lipofectamine® RNAiMAX and Silencer® Select pre-
designed CAP1 or negative control siRNAs (Thermo Fisher 
Scientific).  

PCR array 
Total RNA from MCF-7 cells was extracted by using TRIzol®/
chloroform/isopropanol method. RNA extracts were normal-
ized to 0.5 µg/ml and reverse transcribed by using qScript 
cDNA SuperMix (Quanta Biosciences, Gaithersburg, MD) and 
SimpliAmp™ Thermal Cycler. Mouse Insulin Resistance RT2 
Profiler PCR array (Cat. # PAMM-156Z, QIAGEN, 
Gaithersburg, MD, USA) using RT² SYBR Green ROX qPCR 
Mastermix (Cat. # 330520, QIAGEN Sciences, MD, USA) and 
QuantStudio™ 3 Real-Time PCR System was performed to 
profile the expression of 84 genes involved in the mecha-
nisms behind non-insulin dependent diabetes mellitus. Data 
were analyzed by using PCR Array Data Analysis online soft-
ware (QIAGEN Sciences, Gaithersburg, MD, USA) and ΔΔCt 
method to evaluate the relative quantification, and a set of 
controls were used to assess the reverse transcription perfor-
mance, genomic DNA contamination, and PCR performance. 

Statistical analyses 
All experiments were performed multiple times. Statistical 
analysis was performed using GraphPad Prism 7 software 
(GraphPad, La Jolla, CA, USA). Significant differences were 
analyzed using Student's t test and two‐tailed distribution. 
Results were considered to be statistically significant 
if p < 0.05. 

Initially, to utilize the most appropriate concentration of resistin for further treatments, we stimulated BNL CL.2 

cells with 12.5, 25, and 50 ng/ml of resistin and by using qRT-PCR analysis we measured mRNA levels of known 

target genes of resistin (TNFα, SOCS3, IL-1α, and IL-15). Based on the results from this experiments (Figure 1), 

we performed all further experiments using concentration of resistin of 12.5 ng/ml for 6 hours. 

Figure 1. Time- and concentration-response experiment for resistin treatment of BNL CL.2 cells. TNFα: a, p < 0.0001; b, p < 0.0061; c, p 
< 0.0317; SOCS3: a, p < 0.05; b, p < 0.0182; IL-1α: a, p < 0.05; b, p < 0.0079; IL-15: a, p < 0.0056; b, p < 0.0035; c, p < 0.0064. 

We further treated BNL CL.2 cells with resistin, both untransfected and CAP1 siRNA-transfected and performed a 

qPCR array to profile the expression of 84 genes involved in the mechanisms behind the non-insulin dependent 

diabetes (Table 2 and Figure 2). Results from the analysis demonstrated that treatment affected the expression of 

77 genes two- or more than two-folds (Figure 3). Our data indicated that when CAP1 was knocked-down, there 

was upregulation of genes involved in the insulin and adipokine signaling pathways as well as downregulation of 

infiltrating leukocyte markers (Table 3 and Figure 3).  

Figure 2. Knock-down of CAP1 gene by using 
siRNA. The successful knock-down of CAP1 was 
demonstrated by qRT-PCR (A) and Western blot (B) 
analyses. a, p < 0.0001. 
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In order to investigate 

whether CAP1 plays a 

role in mediating resistin 

actions on insulin signal-

ing in the liver, we 

knocked-down CAP1 

gene expression in BNL 

CL.2 cells by using siR-

NA approach (Figure 2). 

A successful 70% inhibi-

tion of CAP1 mRNA and 

protein levels was 

achieved. 
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Table 2. List of genes used for PCR array. 

Table 3. List of genes regulated more than two-folds by treatment. Red color 
designates genes upregulated more than two-folds, blue color designates genes 
downregulated more than two-folds, and black color designate a gene upregulated 
two-folds. 


