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Adiponectin mRNA Expression in the Cat (Felis domesticus)
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Abstract: Problem statement: Adiponectin is a hormone expressed from adipasué in people,
rodents and dogs. Adiponectin has anti-inflammasmtjon with beneficial effects on cardiovascular
health and insulin sensitivity. With increasing faass, adiponectin concentrations paradoxically
decrease. Adiponectin’s role in metabolism and etiad mellitus is of interest in feline medicine
because cats are susceptible to developing typelletes with weight gain. This study determined
relative amounts of adiponectin mRNA expressiomfrearious body tissues and organs in domestic
cats.Approach: Two intact male cats and one intact female catvesaluated post-mortem. All cats
were estimated to be young adults and had lean lcodgitions. Tissues samples from inguinal
subcutaneous adipose, visceral mesenteric adipiose, skeletal muscle, cardiac muscle, aorta,
stomach fundus, duodenum, pancreas, thyroid gladcgnal gland (cortex and medulla) and renal
cortex were collected and frozen. Following RNAragtion, adiponectin mRNA expression of each
tissue was detected using Reverse Transcriptasg rgRiFtime (Q) PCRResults: Visceral adipose
tissue had the highest level of expression, avegafiP% higher than subcutaneous adipose. All other
tissues had negligible levels of expression contpbaoseadipose samplesConclusion: This study
provided a valuable step for adiponectin reseanchaits by determining which tissues express this
hormone. Cats differ from human beings by expresgdiigher levels of adiponectin in visceral
compared to subcutaneous fat. The metabolic imphac¢his expression pattern is not known and
provides a basis for future research.
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INTRODUCTION developing insulin resistance and Type-2 diabetes i
response to weight gain (Appletehal., 2001). Only
The metabolic role of adipose tissue is a rapidlyone study has evaluated the mRNA expression afefeli
expanding area of research. Discovery of cell-digga adiponectin and it was limited in the scope ofuéss
proteins secreted by adipocytes, termed adipokinegxamined (Hoenigt al., 2007; Ziniet al., 2009).
dispelled the belief that fat is a passive tissue  Although adiponectin is secreted predominately
functioning solely for energy storage and insulatio from adipocytes in the species studied, small artsoun
Adiponectin is the most abundantly secreted adipmki have been found in preadipocytes from bone marrow
with serum concentrations in the pg thkange, which  (Yokota et al., 2002),cultured cardiac myocytes and
is three orders of magnitude higher than leptinportal endothelial cells (Kaset al., 2005). In dogs,
(Whiteheadet al., 2006). One of the most intriguing adiponectin mMRNA expression has only been detected
aspects of adiponectin is its paradoxical declih w in adipose tissue (Ishioket al., 2006). In a single
increases in body fat mass. Adiponectin is closelystudy of cats, adiponectin expression was examined
associated with insulin sensitivity and has bermalfic adipose tissue and skeletal muscle (Hoeha)., 2007;
cardiovascular effects (Matsuzawa, 2005; Wegedl ., Zini et al., 2009). Visceral adipose appeared to have
2001; Trujillo and Scherer, 2005; Kemt al., 2003; higher tissue expression of adiponectin than
Haraet al., 2006; Tarquinkt al., 2007). Adiponectin’s subcutaneous adipose tissue. This is in contrast to
role in metabolism and diabetes mellitus is ofre¢ein  studies in human beings where subcutaneous adipose
feline medicine because cats are susceptible ttissue secretes 25-60% more adiponectin than vbcer
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adipose (Hernandez-Morantgt al., 2007; Lihnet al., RNA extraction and PCR: Messenger RNA was
2004; Fisheret al., 2002; 2005). Findings in human extracted from adipose tissue using a lipid-specifi
beings coincide with research linking visceral adify ~ extraction kit to improve RNA vyield (RNeasy lipid
to lower levels of circulating adiponectin and hegh tissue mini kit, Qiagen, Valencia, CA). All othésdues
risks of cardiovascular disease and T2DM (Ry@l.,  were extracted using a standard mRNA extraction kit
2004; Hanleyet al., 2007). (RNeasy minikit, Qiagen, Valencia, CA). On-column
To fully understand adiponectin’s impact on feline DNase digestions were performed during the extracti
metabolism, it is important to determine the tissue (RNase-free DNase set, Qiagen, Valencia, CA) and
from which it is derived. It is not uncommon for samples were stored at-80°C. An additi@dhse
hormones and adipokines to have dramatic specidseatment was performed to remove residual DNA
differences in their secretion patterns. For examnpl before samples were reverse transcribed (TURBO
resistin is a hormone secreted almost exclusiveynf  DNA-free, Ambion, Austin, TX).
adipose tissue in rodents, but it is predominatelynd Reverse-Transcription (RT) was performed on
in bone and lung tissues of human beings (Steppdn a each sample according to the SuperStYipt Reverse
Lazar, 2004; Patedt al., 203). The goal of this study Transcriptase manufacturer protocol (Superscript Il
was to quantify adiponectin’s expression in variousReverse Transcriptase, Invitrogen, Carlsbad, CAp T
tissues and determine the primary areas of adipionec reverse priming and quantitative, real-time (Q) PCR
production. By knowing which tissues exert the ¢ggeh  were performed with the following primers and FAM-
influence on circulating adiponectin, we may betterlabeled probe designed for this study (Tagman owusto
understand which areas of the body impact insuligene expression assay, Applied Biosystems, Foster
sensitivity. As a result, new preventive and thetdjg  City, CA). They included forward primer (18 uM): 4.8
measures may be implemented to increase circulatinCCGGGTGAAAAGGGTGAG-201, probe (5 uM):
adiponectin levels and subsequently improve insulir222-AACAAGACCTGGATCTCCT-204 and reverse

sensitivity in cats. primer (18 UM): 245-
TCACCAGTGTCACCCTTAGGA-225. cDNA
MATERIALSAND METHODS sequence locations correspond to GenBank accession

number AB115956. FAM-labeled probes are more
Sample collection: Three feline cadavers were specific than cyber green markers used previously f
obtained from a local humane society. Cats werdeline adiponectin PCR and the specificity of the
euthanized for reasons unrelated to the study angrimers and probe were confirmed through DNA
samples were collected immediately after expirationsequencing of the PCR product (Zatial., 2009). For
The cats’ physical parameters are described in€Tabl Q-PCR, cDNA (2 pL) was combined with the primer
The following tissues were harvested using stexdliz and probe mixture (1 pL), (Tagman custom gene
instruments treated to remove DNA contamination:expression assay, Applied Biosystems, Foster Cigy),
(DNA Away, Molecular Bioproducts, San Diego, CA) Taq polymerase (2x concentration, 10 pL), (Tagman
inguinal subcutaneous adipose, visceral mesenteridniversal PCR master mix, Applied Biosystems, Foste
adipose, liver from the left lateral lobe, skeletaiscle  City, CA) and water (7 pL). The total reaction vole
from the gastrocnemius, left ventricular cardiacsote,  was 20 pL. The amplification profile consisted ahth
aorta, stomach fundus, duodenum, pancreas, thyroigt 50°C and 10 min at 95°C, followed by 40 cyclés o
gland, adrenal gland (cortex and medulla) and rena5°C for 15 sec and 60°C for 1 min. The ubiquitgusl
cortex. Care was taken to remove surrounding &ahfr expressed housekeeping gene, Glyceraldehyde-3-
tissues and new instruments were used for th&hosphate Dehydrogenase (GAPDH) was used as a
collection of each sample. Tissues were immediatelgontrol to assess the relative quantity of
placed in a RNA preservative (RNAlater, Qiagen,mRNAextracted from different tissues. RT and Q-PCR

Valencia, CA) and frozen to -80°C. using the same protocol as above with GAPDH specifi
primers and probes were performed for each sample.
Table 1: Description of sample cats Extracted mRNA from tissue samples that had not
Body  Body undergone an RT reaction was also subjected to R-PC
Age weight  condition sing the adiponectin primers to assess potenfigh D
Sex___(years) Breed (kg) _score contamination in the samples
CatA Female <3 Domestic short hair 3.14 4/9 ples.
CatB Male 1-2 Domestic short hair 4.45 5/9 o ) ] )
CatC Male 1-2 Domestic short hair 3.96  5/9 Statistical methods: To confirm linearity of each Q-
Note: Description of cats from which tissue samples vealected PCR assay performed, a standard curve of adiponecti
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DNA using ten fold dilutions ranging fromx10' to ~ With the exception of subcutaneous adipose, adrenal
1x10° was measured. To obtain a consistent number dfssue and aorta, adiponectin expression was less t
adiponectin DNA copies, a plasmid with an adipoimect 1% of visceral adipose in all samples. Expressibn o
gene insert was constructed (TA cloning kit (pCR)2. adiponectin in all tissues was less than 3% of aiip
Invitrogen, Carlsbad, CA). Standard curve equationdissue expression.

were developed using SPSS v. 15 (SPSS v. 15, SPSS
Inc., Chicago, IL). DISCUSSION

Based on a prevalence rate of 0.0124%, there are
over one hundred thousand diabetic cats in theednit
States (Prahtt al., 2007). This number is expected to

The efficiency of RNA tissue extraction using rise as the rate of feline obesity increases. Theze
GAPDH showed all tissues had Q-PCR CT values weltesearchers and veterinarians need to look forweys
below comparable adiponectin levels. Mean GAPDHto combat and treat feline obesity and diabetes.
and adiponectin CT values for all tissues were 14.Rdiponectin is an attractive target for early diébe
(#3.8) and 25.4 (+6.3), respectively. The amount ofscreening and new drug therapies and understaitding
DNA remaining in tissues was measured usingohysiology is critical for therapeutic applications
untranscribed mRNA in the Q-PCR reaction. Cats Afelids. The twelve types of tissue sampled for ttisly
and C had no detectable DNA contamination. Catd® hawere chosen either for their involvement in
small amounts of DNA detected in the pancreas angarbohydrate and lipid metabolism or for their kmow
adrenal gland. Adiponectin levels measured in thesgndocrine functions. Although adipose and skeletal
two tissues were negligible compared to adiposmieis Muscle had been previously evaluated in the cayma
therefore, the DNA contamination did not affect mfle  Other fissues hold the potential to secrete adfioneAs
results. To compare adiponectin expression of uario Stated previously, small amounts of adiponectimesgion

tissues, the number of DNA copies of the adiponecti have been dete_cted_ in several human and r_odeue tss
. . 21 types and adipokines can have dramatic species
inserted plasmid was calculated (989 mL™). The differences in their secretion patterns (Yolstal., 2002;
standard curves created from the diluted plasmidADN P . '

. N Kaseret al., 2005; Steppan and Lazar, 2004; Pettel .,
fit a logarithmic curve (B0.97) and the CT values from 2003; Berneret al., 2004). Our results show that

the various tissues were thgn fit to the curves:e(_lhe adiponectin is secreted almost exclusively fronpask
PCR values were standardized to the curve, thévela ssue in the cat. In comparison to visceral adipos

number of DNA copies of each tissue was compared tgsst other tissues had expression values of less th
visceral adipose tissue (Table 2). Expression ofne percent. The aorta and adrenal gland tissoe ded
adiponectin was highest in visceral adipose tisisue C had expression levels of 2.4 and 6.5%, respégtive
cats A and C and equal to subcutaneous adiposatin cCats A and B had levels below 1% for these tissues.
B. Both types of adipose tissue had high levels oDespite efforts to minimize contamination of sansple
adiponectin expression compared to other tisgpest by adipose tissue, the adrenal and aorta samples fr
cat C may have been contaminated by surrounding fat

RESULTS

Table 2: Relative amounts of adiponectin mRNA esgin and this would falsely increase adiponectin mRNA
Tissue type CatA  CatB CatC Mean levels. Although we cannot rule out the possibitiat
Renal cortex <0.1 <0.1 <0.1 <0.1 aortic and adrenal tissues secrete small amounts of
Ei'\(/i'reta' muscle <0(i-3 <g(i-1 <g%1 <0fi-1 adiponectin, the amounts of adiponectin MRNA
Thyroid gland <01 o1 11 04 detectg:d in the npn-fat samples are considereitaliy
Aorta <0.1 0.7 2.4 1.0 and biologically irrelevant and are probably theule
Fundus 0.2 <0.1 0.6 0.3  of adipocyte contamination within the tissues.

igrrgr'f;ﬁ g};ig'e :8-11 <c§)il :-53 20-21 Identifying the tissues that secrete adiponetin i
Duodenum <01 <01 01 <01 Cats is an important first step in characterizihgs t
Pancreas <0.1 03 03 0.2 hormone. This study demonstrates cats are simolar t
Subcutaneous adipose 87.0 100.0 75.0 87.3 other species in that adiponectin is secreted dlmos
Visceral adipose  100.0 _ 100.0 100.0 100.0  exclusively from adipose tissue. However, catsediff

Note: The expression of adiponectin mMRNA relative tocersl from other species in their relative expression of
adipose. Note the high levels of expression inabetic and adrenal di in f . | d b di
tissue from Cat C. This is most likely due to comimation with ~ adiponectin from visceral and subcutaneous adipose.

adipocytes given the small amounts detected ither 2 cats We found visceral adipose samples express
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approximately 12% more adiponectin mRNA than REFERENCES
subcutaneous samples. The finding that visceralosei

expresses more adiponectin mRNA than subcutaneod¥Pléton, D.J., J.S. Rand and G.D. Sunvold, 2001.
adipose is in agreement with another study in @ats Insulin sensitivity decreases with obesity and lean

which visceral adipose expressed 50% more cats with low insulin sensitivity are at greatdaskr

adiponectin than subcutaneous adipose (&nial., (l\)/fe%lucoseslztrolerance?)mth erll%fjtzggln- J Eg:he
2009). This is an intriguing finding because humans 10 1653/'fms 29(')’01 0133 ' '
secrete 25-60% less adiponectin from visceral faber ; s ,

o ) gman, R.N., S.P. Kim, I.R. Hsu, K.J. Calaland an
(Hernandez-Morantet al., 2007; Lihnet al., 2004; J.D. Chiuet al., 2007. Abdominal obesity: Role in
Fisher et al., 2002). Since humans secrete more

> ) ¢ : the pathophysiology of metabolic disease and
adiponectin from subcutaneous adipose, a persdn wit  cardiovascular risk. Am. J. Med., 120: $3-S8. DOI:
more visceral fat will have less adiponectin than a  10.1016/j.amjmed.2006.11.012

person with the same body fat content who has ffiare Berner, H.S., S.P. Lyngstadaas, A. Spahr, M. Monjo
distributed subcutaneously. This is a possible and L. Thommeseet al., 2004. Adiponectin and
mechanism for the deleterious cardiovascular an its receptors are expressed in bone-forming cells.
metabolic affects associated with visceral adigosit Bone, 35: 842-849. DOI:
people (Bergmaret al., 2007). The opposite pattern 10.1016/j.bone.2004.06.008

may be seen in cats. A cat with larger deposits cFisher, F.M., P.G. McTernan, G. Valsamakis, R. Ghet
visceral fat would be expected to have more citoua and A.L. Harte et al., 2002. Differences in
adiponectin than a cat of the same body fat ma#s wi adiponectin protein expression: Effect of fat depot
more subcutaneous adipose tissue. Perhaps visce and type 2 diabetic statudorm. Metab. Res.,
adiposity may not be as detrimental to cats as ihi 34: 650-654. DOI: 10.1055/s-2002-38246

humans and maybe subcutaneous adipose depots nFisher,M., M.E. Trujillo, W. Hanif, A.H. Barnett and
contribute more to the development of insulin P.G. McTernaret al., 2005. Serum high molecular

resistance and diabetes in cats. weight complex of adiponectin correlates better
The results of this study are intriguing and pdevi with glucose tolerance than total serum adiponectin
the opportunity for many additional projects. It vl in Indo-Asian males. Diabetologid8: 1084-1087.

be interesting to compare adiponectin expressio DOI: 10.1007/s00125-005-1758-7

patterns in adipose tissue of cats with differesridgers, Hanley, A.J.G., D. Bowden, L.E. Wagenknecht, A.
ages, breed and body condition scores. For example Balasubramanyam and C. Langfedtl al., 2007.
could adiponectin expression hold the key to  Associations of adiponectin with body fat
understanding the increased incidence of diabetes distribution and insulin sensitivity in nondiabetic
mellitus in male cats (Pratdt al., 2007). From the hispanics and African-Americans. J. Clin.
results of this study, it appears adiponectin is an Endocrinol. Metab.,, 92: 2665-2671. DOI:
adipokine expressed only from fat tissue in catd an 10.1210/jc.2006-2614

future research efforts can concentrate on howosityp  Hara, K., M. Horikoshi, T. Yamauchi, H. Yago and O.

patterns influence adiponectin and if this relatttip Miyazaki et al., 2006. Measurement of the high-
impacts insulin sensitivity. molecular weight form of adiponectin in plasma is
useful for the prediction of insulin resistance and

CONCLUSION metabolic syndrome. Diabetes Care, 29: 1357-1362

DOI: 10.2337/dc05-1801

The results of this study demonstrate adiponéstin Hernandez-Morante, J.J., F.I. Milagro, E. Larque, J
expressed from only adipose tissue in cats. Unlik  Lujan and J.A. Martineet al., 2007. Relationship

humans, cats appear to have more mRNA expressit arr:jonfg adipo_gectin, adiponectin geng_deprission
: , - and fatty acids composition in morbidly obese
from visceral compared to adipose tissue. patients. Obes. Surg., 17: 516-524. DOI

10.1007/s11695-007-9090-6
Hoenig, M., K. Thomaseth, M. Waldron and D.C.
Ferguson, 2007. Insulin sensitivity, fat distritouti
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