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Interest in hydroxy - carboxylic acid 2 (HCA2) reter has been raised since it is the target oflgslipidemic

drug nicotinic acid. The present study aimed tolieata the presence of mRNA of this receptor inedédht

organs of laboratory rat. Twenty two different argaof rats including mesenteric fat, epididymisaghebody

and tail), testis, ovary, xiphoid process, livairenal gland, femoral head, proximal epiphyseal methphyseal

bone marrow of femur, esophagus, glandular stomtackstomach, intestines, colons, heart, spleeaineki,

trachea, lung, skeletal muscle (quadriceps), camland cerebellum were removed and examined for HCA
mMRNA by RT- PCR method. The mRNA for HCA2 recept@s detected in all analyzed tissues. In conclysion
the different organs of rat express HCA2 receptBNA which makes a proper animal model for futuredsts

on the physiological and pharmacological roleshed teceptorn vivo.
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The hydroxy - carboxylic acid (HCA) receptors
including HCA1, HCA2 and HCA3 are a
family of G protein-coupled receptors with high
sequence homology (1). All of these receptors are
predominantly expressed in adipose tissue (2) and
have affinity for several intermediates of energy
metabolism (1). HCA1 (GPR81) is endogenously
activated by lactate, HCA2 (GPR109A) by 3-
hydroxy-butyrate and HCA3 (GPR109B) by 3-
hydroxylatedp-oxidation intermediates, especially
3-hydroxy-octanoic acid (3-6). Of the HCA
receptor family, HCA2 is the most extensively
studied, since it is the target of the antidyskpidc

drug nicotinic acid (or niacin) (7-9). The
physiological and pharmacological roles of HCA2
receptors are different according to the organ that
has expressed the receptor. In adipose tissus, it i
very likely that the HCA2 receptor is activated by
3-hydroxy-butyrate during starvation and mediates
a negative feedback regulation that controls the ra
of lipolysis (10) which can avoid excessive trigly-
ceride degradation and thereby save energy during
food shortage. Besides its antilipolytic effect,
nicotinic acid (as a ligand for HCA2 receptor) has
been shown to influence the function of the adipose
tissue as an endocrine organ. Bathvitro and
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in vivo data indicate that nicotinic acid increases the
release of adiponectin from adipocytes (11-12). On
the other hand, nicotinic acid induces a biphasic
increase in dermal blood flow which is mediated by
HCA2 receptors. While the first phase is due to
activation of HCA2 on Langerhans cells, the second
phase of the flush depends on HCA2 expressed by
keratinocytes (13). The nicotinic acid receptor
HCA2 is also expressed by monocytes and
macrophages including plaque macrophages, and
nicotinic acid inhibits the recruitment of
macrophages into atherosclerotic lesions in HCA2-
dependent manner. In addition, HCA2 mediates a
stimulatory effect of nicotinic acid on the
cholesterol efflux from macrophages (14). There is
evidence indicating that the HCA2 receptor
expressed in intestinal epithelial cells resporas t
butyrate which is present in millimolar
concentrations in the gut lumen, and that HCA2
thereby functions as a tumor suppressor and anti-
inflammatory receptor (15). In 2009, Martin et al.,
demonstrated that HCA2 receptor is expressed in
mammalian retinal pigment epithelium and may
have a role in diabetic retinopathy (16).

Laboratory rats have served as an important
animal model for research in different fields of
medical sciences. Over the years, rats have been
used as animal models in many experimental
studies, which have expanded our knowledge in
diverse aspects of biological sciences. In 2008, th
human and rat HCA2 receptors were cloned and
showed to be highly homologous to the murine
orthologue PUMA-G (7-8). As far as we know, the
distribution of HCA2 receptors in different organs
of laboratory rats has not been addressed
previously. Recognition of the organs that express
this receptor may pave the road for future studies
which may clarify new roles of HCA2 receptors
that provides rationality for the present study.

Materials and M ethods

Samples
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The samples from 22 different organs of 4
adult Sprague-Dawley rats were immediately
removed after slaughtering them under deep
anesthesia. The samples included: mesenteric fat,
epididymis (head, body and tail), testis, ovary,
xiphoid process, liver, adrenal gland, femoral head
proximal epiphyseal and metaphyseal bone marrow
of femur, esophagus, glandular stomach,
forestomach, intestines, colons, heart, spleen,
kidney, trachea, lung, skeletal muscle (quadriceps)
cerebrum and cerebellum. It should be mentioned
that mesenteric fat, liver, bone marrow and spleen
samples were obtained from both male and female
rats, testis, epididymis, heart and adrenal gland
from male rats and other samples from female rats.
All samples were immediately moved to-70°C
freezer until use.

The rats spent a week of adaptation period
before sampling time, during which they had free
access to chew pellets and tap water. The methods
used in the present study are in accordance with
institutional guideline of Shiraz University forrea
and use of laboratory animals.

RT-PCR

Same amount of samples from each organ
were pooled for each analysis as described by
Martin et al. (16). Except for mesenteric fat, whic
was frozen by liquid nitrogen and homogenized in a
mortar; all samples were defrosted on ice and
homogenized by an electric homogenizer. Eighty
mg of pooled sample was used for RNA extraction.
RNA was extracted by RNX' (-plus) (CinnaGen
Co, Tehran, Iran) commercial kit according to
manufacturer’'s  instructions.  After  DNase
(Fermentas, Vilnius, Lithuania) treatment, ten |fL o
extracted RNA was reverse transcribed using
AccuPowef-Rocket Script RT Pre Mix (Bioneer
Co., Daejeon, South Korea) kit. F and R primer pair
within the Rat GPR109A (rPUMA-G) gene was
used with the following sequences: FC3TTCT-
GGTGATAAACGGCAAGA 3 and R: 5 GACT-

GTCAGGCCGATGGTG 3as described by Martin
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et al. (2009) for cDNA synthes{46). FivepuL of

the cDNA was used for PCR amplification
using Accu PowétPCR Pre Mix with the

above mentioned primer pair which yields
in specific amplification of a 455bp fragment.
The PCR thermocycling condition for the gene
was as follows: Initial denaturation at 95°C
for 3 min and then 35 cycles with denaturation at
95°C for 45 sec, primer annealing at 58°C
for 30 sec and primer extension at 72°C for
30 sec and a final extension step at 72°C for

1 2 3 4 5 ) 7
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4 min Five uL of PCR product was subjected
to 1% agarose gel electrophoresis containing
ethidium bromide and visualized under ultra-
violet light.

Figure 1 shows the RT-PCR products of some
organs included in the study after gel electro-
phoresis. The mRNA for HCA2 receptor was found
in all tissues analyzed.

500bp
400bp

Fig. 1. RT-PCR analysis of RNA collected from the diffearemgans of rats. HCA2 receptor mRNA was detectedli samples.
cerebrum; 2: lung; 3: mesenteric fat; 4: skeletasate; 5: kidney; 6: ovary; 7: epididymis; 8: liy&: bone marrow; 10 negative control

11: 100 bp ladder.

The vast distribution of HCA2 mRNA in the
different organs of rat, as observed in the present

study, may make it a proper animal model for
future investigations on physiological and
pharmacological roles of this receptor in different
organs and represents an opportunity for evaluation
of the effects of pharmaceutical agents on
expression of HCA2 receptois vivo. It should be
mentioned that the distribution pattern of HCA2
mRNA is different among species, for example
Titgemeyer et al. (2011), reported that the livér o
cattle expresses notably great amounts of HCA2
receptor mRNA (17), while Li et al. (2010)
established that HCA2 is expressed in murine liver
but its basal expression is |dqi8). In the present
study, we found HCA2 receptor mRNA in liver
sample of rat; however we cannot distinguish
whether this mMRNA was expressed by hepatocytes
or by other cells especially Kupffer cells. Thigtfa

is also true for other organs examined in the prese
study, where it remains to be clarified exactly tvha
type of cells have expressed the mRNA for HCA2

receptor. On the other hand, although we tried not
to include fat in our samples from different organs

very low amount of fat may be present in our

samples that can lead to RT-PCR amplification.
Regarding the facts that all PCR reactions were
performed according to the same protocol and on
the same amount of samples and also that
appreciable amounts of product was retrieved on
gel; the chance for the implication of few

adipocytes in this observation is low, although we
cannot completely ignore it.

The presence of HCA2 receptor mRNA in
cerebellum and 4 regions of cerebrum of cattle as
well as skeletal muscle of this species has been
previously described (17), which is consistent with
the results of our study. Expression of HCA2
receptor gene in intestine and colon of mice and
human has also been reportg®). As far as we
know, this is the first time that expression of HCA
in epididymis, testis, ovary, xiphoid process,
adrenal gland, femoral head, proximal epiphyseal
and metaphyseal bone marrow of femur, esophagus,
glandular stomach, forestomach, heart, spleen,
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kidney, trachea and lung of laboratory rats has
been demonstrated. Another drawback of our study
is that we cannot conclude by our findings whether
the presence of mRNA for HCA2 has led to
expression of a functional receptor at protein lleve
which remains to be confirmed in future studies.
In conclusion, this is a preliminary study that
describes the presence of mRNA for HCA2
receptor in different organs of laboratory rat whic
makes it a proper animal model for future studies
on the physiological and pharmacological roles of
this receptorn vivo.
Aknowledgment

This study is funded by the School of
Veterinary Medicine, Shiraz University.
Conflict of interest

The authors declared no conflicts of interest.

1. Blad CC, Ahmed K, AP 1J, et al. Biological and
pharmacological roles of HCA receptors. Adv Phamhac
2011;62:219-50.

2. Ahmed K, Tunaru S, Offermanns S. GPR109A, GPB109
and GPR81, a family of hydroxy-carboxylic acid nemes.
Trends Pharmacol Sci 2009;30:557-62.

3. Cai TQ, Ren N, Jin L, et al. Role of GPR81 ictdde-
mediated reduction of adipose lipolysis. Biochenofiys Res
Commun 2008;377:987-91.

4. Taggart AK, Kero J, Gan X, et al. (D)-beta-Hydroutyrate
inhibits adipocyte lipolysis via the nicotinic acideceptor
PUMA-G. J Biol Chem 2005;280:26649-52.

5. Liu C, Wu J, Zhu J, et al. Lactate inhibits limis in fat cells
through activation of an orphan G-protein-coupleteptor,
GPR81. J Biol Chem 2009;284:2811-22.

6. Ahmed K, Tunaru S, Langhans CD, et al. Deorpsditn of
GPR109B as a receptor for the beta-oxidation inteliate 3-
OH-octanoic acid and its role in the regulationlipblysis. J
Biol Chem 2009;284:21928-33.

7.Soga T, Kamohara M, TakasakiJ, alet Molecular
identification of nicotinic acid receptor. BiocheBiophys Res

Commun 2003;303:364-9.

129 Int J Mol Cell Med Spring 2014; Vol 3 No 2

8. Wise A, Foord SM, Fraser NJ, et al. Moleculanitfication
of high and low affinity receptors for nicotinicidcJ Biol Chem
2003;278:9869-74.

9. Tunaru S, Kero J, Schaub A, et al. PUMA-G and74Mre
receptors for nicotinic acid and mediate its aiplytic effect.
Nat Med 2003;9:352-5.

10. Senior B, Loridan L. Direct regulatory effedtketones on
lipolysis and on glucose concentrations in man. uiat
1968;219:83-4.

11. Westphal S, Borucki K, Taneva E, et al. Extelhddease
niacin raises adiponectin and leptin. Atheroscleros
2007;193:361-5.

12. Plaisance EP, Lukasova M, Offermanns S, etNacin
stimulates adiponectin secretion through the GPRI@@eptor.
Am J Physiol Endocrinol Metab 2009;296:E549-58.

13. Hanson J, Gille A, Zwykiel S, et al. Nicotingzid- and
monomethyl fumarate-induced flushing involves GP&A0
expressed by keratinocytes and COX-2-dependenttgmmaisl
formation in mice. J Clin Invest 2010;120:2910-9.

14. Lukasova M, Malaval C, Gille A, et al. Nicotniacid
inhibits progression of atherosclerosis in miceotlgh its
receptor GPR109A expressed by immune cells. J DWest
2011;121:1163-73.

15. Thangaraju M, Cresci GA, Liu K, et al. GPR10&Aa G-
protein-coupled receptor for the bacterial fermgéotaproduct
butyrate and functions as a tumor suppressor iancdCancer
Res 2009;69:2826-32.

16. Martin PM, Ananth S, Cresci G, et al. Expressand
localization of GPR109A (PUMA-G/HM74A) mRNA and
protein in mammalian retinal pigment epithelium. IMdis
2009;15:362-72.

17. Titgemeyer EC, Mamedova LK, Spivey KS, et ah A
unusual distribution of the niacin receptor in leatd Dairy Sci
2011;94:4962-7.

18. Li X, Millar JS, Brownell N, et al. Modulatioof HDL
metabolism by the niacin receptor GPR109A in mouse
hepatocytes. Biochem Pharmacol 2010;80:1450-7.

19. Cresci GA, Thangaraju M, Mellinger JD, et abl@ic gene
expression in conventional and germ-free mice ittocus on
the butyrate receptor GPR109A and the butyratespramer
SLC5A8. J Gastrointest Surg 2010;14:449-61.


https://ijmcmed.org/article-1-132-en.html
http://www.tcpdf.org

