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ABSTRACT.	 Resistin, one of the adipokines that has a cycteine-rich C-terminus, is considered to relate to the development of insulin resistance 
in rats. However, in cats, there is little knowledge regarding resistin. In this study, we cloned the feline resistin cDNA from adipose tissue 
by RT-PCR. The feline resistin clone contained an entire open reading frame encoding 107 amino acids that had 72.8%, 75.4%, 50.9% 
and 51.8% homology with bovine, human, mouse and rat homologues, respectively. In both subcutaneous and visceral adipose tissues, the 
transcription levels of feline resistin mRNA were significantly higher in obese cats than normal cats, and those of feline adiponectin mRNA 
were significantly lower in obese cats than normal cats. However, there was no difference in the expression of feline leptin between normal 
and obese cats. On the other hand, in both normal and obese cats, there were no significant differences in resistin, leptin and adiponectin 
mRNA levels between subcutaneous and visceral adipose tissues. In cats, the altered expression of resistin and adiponectin mRNA with 
obesity may contribute to the pathogenesis of insulin resistance and subsequent diabetes mellitus. In addition to feline adiponectin, the 
feline resistin cDNA clone obtained in this study will be useful for further investigation of the pathogenesis of obesity in cats.
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White adipose tissue is recognized not only as a passive 
fuel depot but also as an active endocrine organ that com-
municates with the brain and peripheral tissues by secreting 
adipokines [34]. Some 100 different adipokines have been 
characterized in humans and rodents [11]; these factors 
are involved in many biological systems including glucose 
homeostasis, inflammation and immunity, hemostasis, 
fluid balance, vascular biology, hematopoiesis, cell prolif-
eration, angiogenesis and neurotrophic functions [28]. The 
major adipokines, such as leptin and adiponectin, which 
have been reported in companion animals, including cats 
[1, 15, 18, 20, 29], have important roles in the regulation of 
energy balance and metabolism. Leptin is the best character-
ized adipokine in domestic animals [28] and has roles in ap-
petite suppression and energy expenditure increase by bind-
ing to its receptor in the hypothalamic satiety centers [8, 14]. 
Adiponectin has a major role in enhancing insulin sensitivity 
by stimulating the phosphorylation of AMP-activated protein 
kinase in insulin target organs, such as skeletal muscle and 
liver [16]. Another adipokine associated with the regulation 
of energy balance and metabolism, resistin, was relatively 
recently described in mouse [23, 33]. Resistin contains a C-
terminal cysteine-rich sequence that is a common feature of 

the resistin family [33]. Although an increased blood resistin 
level is considered to contribute to the development of insu-
lin resistance and metabolic derangements compatible with 
type 2 diabetes mellitus in rats [28], there is little knowledge 
about resistin in cats.

Production of adipokines from adipose tissue may be 
influenced by nutritional status [35]. In particular, obesity 
dysregulates adipokine secretion, which is generally detri-
mental to insulin action on peripheral tissues, such as muscle 
and liver [22]. In humans and rodents, the altered adipokine 
production with obesity has been implicated in the patho-
physiology of diverse diseases, including diabetes mellitus, 
cardiovascular disease and cancer [28]. Obesity in cats has 
recently increased in association with changes in diet and 
breeding environment [31], and has been cited as a cause 
of developing insulin resistance [27]. Although obesity-
related insulin resistance contributes to the pathogenesis of 
diabetes mellitus in humans, there are few reports describ-
ing the change of adipokines with obesity in cats [12]. In 
particular, to the best of our knowledge, the change in the 
expression of resistin with obesity has never been examined 
in cats, although it has been shown that increased resistin 
with obesity deleteriously affects glucose metabolism and 
insulin sensitivity in rodents [23].

In the present study, we sought to elucidate the expression 
of resistin in the cat adipose tissues. However, feline resis-
tin had not been identified. Thus, we report the molecular 
cloning of the feline resistin gene. In addition, we evaluate 
the change in the transcription levels of resistin with obesity 
in subcutaneous and visceral adipose tissues derived from 
normal and obese cats. Together with the evaluation of fe-
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line resistin, we assess the transcription levels of leptin and 
adiponectin as major adipokines in the adipose tissue of cats.

MATERIALS AND METHODS

Animals and total RNA extraction from tissues: Fifteen 
mature healthy cats were used in this study. All cats were 
assessed as healthy based on the results of a physical ex-
amination, complete blood count and biochemical profile 
performed prior to the experiment. All procedures involving 
the cats were performed at Gifu University and were ap-
proved by the Animal Care and Use Committee for Animal 
Experimentation of Gifu University (approval number: 
07050). According to the body condition score (BCS) on a 
nine-point scale, cats were divided into nine normal (2 males 
and 7 females, 3.1 ± 1.6 years old, 3.4 ± 0.6 kg body weight 
and BCS 4.4 ± 1.0) and 6 obese (3 males and 3 females, 
5.1 ± 2.6 years old, 4.7 ± 0.5 kg body weight and BCS 7.8 
± 0.4). The subcutaneous and visceral adipose tissues were 
surgically collected under general anesthesia in 5 male cats 
kept at Gifu University. In 10 client-owned female cats, the 
subcutaneous and visceral adipose tissues were collected at 
the time of spay surgery. These samples were used for the 
quantitative transcription analysis of feline resistin, leptin 
and adiponectin mRNA. In addition, a part of the subcutane-
ous adipose tissues from normal cats was used for the mo-
lecular cloning of the feline resistin gene. Collected tissues 
were immediately submerged in RNAlater (Qiagen, Hilden, 
Germany) and stored at −30°C until use.

Total RNA samples were extracted from the collected 
tissues using a commercially available kit (SV Total RNA 
Isolation System, Promega Corp., Madison, WI, U.S.A.). A 
cDNA sample was synthesized from the total RNA sample 
using reverse transcriptase (ReverTra Dash, Toyobo, Osaka, 
Japan).

Cloning of feline resistin: Oligonucleotide primers to am-
plify feline resistin cDNA were designed on the basis of the 
sequences of human and bovine resistin (GenBank/EMBL/
DDBJ under accession numbers NM020415 and NM183362; 
Table 1). The 5′ side of resistin was amplified using a primer 
pair of RETN-1 and RETN-2, and the 3′ side was ampli-
fied using a primer pair of fRES-F2 and RETN-5 for first 
PCR and RETN-3 and RETN-5 for nested PCR. Using these 
primer pair, feline resistin cDNA was amplified from the 
feline subcutaneous adipose tissue with a Taq polymerase 
(TAKARA Ex Taq, Takara Bio Inc., Otsu, Japan) according 
to the manufacturer’s instructions. The PCR amplifications 
consisted of pre-denaturing (94°C for 5 min), 35  cycles 
of denaturation (94°C for 0.5 min), annealing (64°C for 
0.5 min) and extension (72°C for 0.5 min), followed by a 
final extension (7 min). The PCR products were purified 
from agarose gel using a commercially available kit (Wizard 
SV Gel and PCR Clean-Up System, Promega Corp.) and 
were sequenced using an ABI Prism 3100 Genetic Analyzer 
(Applied Biosystems, Foster City, CA, U.S.A.). In the pres-
ent study, three independent clones of PCR products were 
sequenced to confirm no individual difference.

Quantitative transcription analysis of resistin, leptin and 

adiponectin mRNA in the visceral and subcutaneous adipose 
tissues of normal and obese cats: Transcription analyses of 
feline resistin, leptin and adiponectin mRNA in the adipose 
tissues of normal and obese cats were performed using 
quantitative real-time PCR (Thermal Cycler Dice Real Time 
System, Takara Bio Inc.). These analyses were performed 
using adipose tissues derived from nine normal and six 
obese cats, except for the analysis of leptin mRNA in obese 
cats, which was performed using tissues derived from four of 
the six obese cats. The transcription level of glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) mRNA was used as 
an internal control. For quantitative real-time PCR of feline 
resistin mRNA, the oligonucleotide primer pair of RETN-R1 
and RETN-R2 and the probe RETN-RPr were manufactured 
by QuantiProbe Design Software (Qiagen) on the basis of 
the sequences of feline resistin mRNA obtained by molecu-
lar cloning (Table 2). The oligonucleotide primers used to 
amplify feline leptin, adiponectin and GAPDH cDNA were 
designed on the basis of each feline sequence (GenBank/
EMBL/DDBJ under accession numbers NM001009850, 
AJ639861 and AB038241, respectively). A standard curve-
based method was employed for the quantification of 
resistin, leptin and adiponectin mRNA transcription. The 
PCR products were quantified by two-step real-time PCR 
(ABI Prism 7000 Real Time Sequence Detection System, 
Applied Biosystems) using QuantiTect Prove Master Mix 
(Qiagen) for resistin or one-step real-time PCR (One Step 
SYBR PrimeScript RT-PCR Kit II, Takara Bio Inc.) for 
leptin, adiponectin and GAPDH. Real-time PCR amplifica-
tions for resistin, leptin and adiponectin consisted of reverse 
transcription (95°C for 10 sec), 40 cycles of PCR reaction 
(95°C for 5 sec and 68°C for 30 sec) and dissociation (95°C 
for 15 sec, 60°C for 30 sec and 95°C for15 sec). The anneal-
ing of GAPDH mRNA was performed at 60°C. All samples 
were examined in duplicate, and the mean amounts of resis-
tin, leptin and adiponectin mRNA were calculated from the 
standard curve.

Statistical analysis: Data of relative expression are repre-
sented as means ± standard deviation (S.D.) The transcrip-
tion levels of resistin, leptin and adiponectin mRNA in each 
subcutaneous and visceral adipose tissues were compared 
between normal and obese cats using Student’s t-test. The 
transcription level of resistin, leptin and adiponectin mRNA 
in normal and obese cats was compared between subcuta-
neous and visceral adipose tissues using a paired t-test. 
All analyses were performed using Excel 2010 (Microsoft, 
Redmond, WA, U.S.A.) with the add-in software Statcel 3 

Table 1.	 Sequences of the oligonucleotide primers used for 
molecular cloning of feline resistin cDNA

Primers Sequences (5′-3′)
RETN-1 Forward TTAGCTGAGCCCACCGAGAGGC
RETN-2 Reverse GCTCCGGTCCAGTCCATGCCC
f RES-F2 Forward CGTCACCGCCTGCGCTTGT
RETN-3 Forward GTCGAGACCACATGCCACTG
RETN-5 Reverse TCCGGACCTGGAGCCGCCTC
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(OMS Publishing, Saitama, Japan). Statistical significance 
was defined as P<0.05.

RESULTS

Molecular cloning of feline resistin: The full-length se-
quence of feline resistin cDNA was determined by combin-
ing the sequences of the overlapping 5′, central and 3′ DNA 
fragments obtained in this study. Feline resistin cDNA was 
364 bp long and contained an entire open reading frame of 
324 bp encoding 107 amino acid residues (GenBank/EMBL/
DDBJ under accession number LC064405; Fig. 1). The de-
duced amino acid sequence of feline resistin cDNA cloned 
in this study was shown to have 72.8%, 75.4%, 50.9% and 
51.8% similarity with those of its bovine, human, mouse 
and rat counterparts, respectively (Fig. 2). The C-terminal 
cysteine-rich sequence, which is a feature of the resistin fam-
ily, was observed.

Transcription of resistin, leptin and adiponectin mRNA 
in subcutaneous and visceral adipose tissues of normal 

and obese cats: The expressions of feline resistin, leptin 
and adiponectin mRNA were detected in subcutaneous and 
visceral adipose tissues of all tested cats. In both subcutane-
ous and visceral adipose tissues, the resistin mRNA levels 
were significantly higher in obese cats than normal cats 
(P<0.01, Fig. 3). In both normal and obese cats, there were 
no significant differences in resistin mRNA levels between 
subcutaneous and visceral adipose tissues (Fig. 3). In both 
subcutaneous and visceral adipose tissues, there were no 
significant differences in the transcription levels of feline 
leptin mRNA between normal and obese cats (Fig. 4). In 
both normal and obese cats, there were no significant dif-
ferences in leptin mRNA levels between subcutaneous and 
visceral adipose tissues (Fig. 4). In both subcutaneous and 
visceral adipose tissues, the adiponectin mRNA levels were 
significantly lower in obese cats than normal cats (P<0.05, 
Fig. 5). In both normal and obese cats, there were no sig-
nificant differences in adiponectin mRNA levels between 
subcutaneous and visceral adipose tissues (Fig. 5).

Table 2.	 Oligonucleotide sequences used as primers and probe for real-time RT-PCR

Name Type Sequences (5′-3′)
Resistin RETN-R1 Primer Forward CAAGTCTCTGTGTCCAGT

RETN-R2 Primer Reverse GCCAAAGTTCCTTATTGTCTCC
RETN-RPr Probe GCCATCCACGAGAAGA

Leptin Lep-F3 Primer Forward GACACCAAAACCCTCATCAAGAC
Lep-R3 Primer Reverse ATCTTGGACAAACTCAGGACAGG

Adiponectin ADP-F3 Primer Forward AAAGGAGAACCTGGAGAAAGTGC
ADP-R3 Primer Reverse CATCGTAGTGGTTTTGCTGATTG

GAPDH GAPDH100-F Primer Forward CTGGAGAAAGCTGCCAAA
GAPDH100-Rc Primer Reverse TGTTAAAGTCGCAGGAGA

Fig. 1.	 Nucleotide sequences and deduced amino acid sequences of feline resistin cDNA (GenBank/EMBL/
DDBJ accession number LC064405). The feline resistin cDNA was 364 bp long and contained the entire 
open reading frame (capital letters) which was composed of 324 bp encoding 107 amino acid residues. 
The square area indicates the position of the initiation codon. The asterisk after the amino acid sequence 
shows the position of the termination codon.
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DISCUSSION

The nucleotide sequence reported in this study contained 
the entire open reading frame of feline resistin cDNA. The 
cloned sequence of 107 amino acid residues encoded by 
feline resistin cDNA contained the C-terminal cysteine-
rich domain that is a feature of the resistin family [33]. The 
amino acid sequences of feline resistin were identical to 
bovine (72.8%) and human (75.4%) resistin, but had a low 
homology with mouse (50.9%) and rat (51.8%) resistin.

In this study, quantitative real-time PCR showed that 
resistin mRNA was expressed in the subcutaneous and 
visceral adipose tissues of cats. In both subcutaneous and 
visceral adipose tissues, the transcription levels of resistin 
mRNA in obese cats were significantly higher than those 
in normal cats. Studies in humans and mouse reported that 
the expression of resistin mRNA in adipose tissue [30, 33] 
and the blood resistin concentration [4, 25] increased with 
obesity. Obesity is characterized by chronic, low-grade 
systemic inflammation [34] and induces the production of 
inflammatory cytokines, such as tumor necrosis factor alpha 
and interleukin-6. Increased inflammatory cytokines with 

Fig. 2.	 Comparison of the deduced amino acid sequence of feline resistin mRNA with those of bovine, 
human, mouse and rat homologues. The deduced amino acid sequence of feline resistin mRNA cloned 
in this study was shown to have 72.8%, 75.4%, 50.9% and 51.8% homology with those of the bovine, 
human, mouse and rat counterparts, respectively. The dashes and dots indicate gap and homology, 
respectively. The C-terminal cysteine-rich sequence is a feature of the resistin family.

Fig. 3.	 Transcription levels of resistin mRNA in the subcutane-
ous and visceral adipose tissues of normal and obese cats. The 
transcription of GAPDH mRNA was used as an internal control. 
Data normalized to GAPDH levels are shown. The mean amount 
of resistin mRNA was calculated from a standard curve. The error 
bars represent the S.D.

Fig. 4.	 Transcription levels of leptin mRNA in the subcutaneous 
and visceral adipose tissues of normal and obese cats. The tran-
scription of GAPDH mRNA was used as an internal control. Data 
normalized to GAPDH levels are shown. The mean amount of 
leptin mRNA was calculated from a standard curve. The error bars 
represent the S.D.

Fig. 5.	 Transcription levels of adiponectin mRNA in the subcuta-
neous and visceral adipose tissues of normal and obese cats. The 
transcription of GAPDH mRNA was used as an internal control. 
Data normalized to GAPDH levels are shown. The mean amount 
of adiponectin mRNA was calculated from a standard curve. The 
error bars represent the S.D.
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obesity promote an increase in plasma resistin level in hu-
mans [37]. A study using skeletal muscle cells from L6 rats 
[26] demonstrated that resistin inhibited insulin-stimulated 
glucose uptake, presumably by decreasing the intrinsic ac-
tivity of the cell membrane glucose transporters. Because 
the inhibition of glucose uptake implies the failure of insulin 
signaling, it is believed that hyper-resistinemia contributes 
to the development of insulin resistance and metabolic de-
rangements compatible with type 2 diabetes mellitus [28]. 
Therefore, in cats, the obesity-related insulin resistance may 
be linked to the marked rise of the expression of resistin in 
adipose tissue. Although we could not analyze the relation-
ship between obesity and resistin blood levels in this study, 
this relationship needs to be evaluated in cats.

There are reports indicating that the expression of resis-
tin relates with diverse factors, such as the maturity and 
localization of the adipose tissue [6, 19]. A study in rats 
demonstrated that the expression of resistin was higher in 
visceral adipose tissue than in subcutaneous adipose tissue 
[3]. However, in our cats, there were substantial individual 
variations in the expression of resistin between subcutane-
ous and visceral adipose tissues in both normal and obese 
cats, which resulted in the lack of statistically significant 
differences.

There were no significant differences in the expression of 
leptin mRNA between normal and obese cats, in both subcu-
taneous and visceral adipose tissues. In humans and rodents, 
the tissue expression and blood level of leptin increased 
with obesity [21, 36]. Moreover, in cats, circulating leptin 
primarily reflects body fat mass [1, 5, 32], and weight loss is 
associated with a fall in peripheral blood leptin levels [15]. 
However, in the cats used in our study, the transcription level 
of leptin mRNA in the adipose tissue did not relate with the 
degree of obesity. In cats, because of considerable individual 
variability in the expression of leptin mRNA in adipose tis-
sue, the change in mRNA expression may be consistent with 
the change in blood leptin level in the context of obesity. On 
the other hand, in both subcutaneous and visceral adipose tis-
sues, the adiponectin mRNA level was significantly lower in 
obese cats than that in normal cats. One study demonstrated 
that the serum adiponectin concentration in cats decreases 
with obesity and increases with weight loss [15]. In humans 
and rodents, the tissue expression level and blood concen-
tration of adiponectin also decreased with obesity, contrary 
to leptin [2, 10]. A study in humans had hypothesized that 
the increased tumor necrosis factor alpha levels, induced by 
the accumulation of visceral fat, led to decreased expression 
of adiponectin [7]. In cats, the expression of adiponectin in 
adipose tissue may be decreased by a mechanism similar to 
that in humans.

In the present study, in both normal and obese cats, there 
were no significant differences in the expression of leptin 
and adiponectin between subcutaneous and visceral adipose 
tissues. However, studies in humans [13, 17, 24] have dem-
onstrated that the production of leptin and adiponectin was 
lower in visceral adipose tissue than in subcutaneous adipose 
tissue. Therefore, it is considered that, in humans, the prefer-
ential deposition of fat into visceral rather than subcutaneous 

deposits increases the risk of insulin resistance, atheroscle-
rosis and diabetes mellitus [9]. However, this interpretation 
in humans may not apply to the distribution of adipose tissue 
with obesity in cats.

In conclusion, we cloned and sequenced feline resistin 
cDNA and investigated its transcription in the subcutane-
ous and visceral adipose tissues of both normal and obese 
cats. In cats, the altered transcription levels of resistin and 
adiponectin mRNA with obesity may contribute to the 
pathogenesis of insulin resistance and subsequent diabetes 
mellitus. The present result will provide basic information to 
clarify the association of resistin, leptin and adiponectin in 
the pathogenesis of obesity.
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