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Ghrelin regulates hypothalamic prolyl
carboxypeptidase expression in mice
Jin Kwon Jeong a,b, Jung Dae Kim a,b, Sabrina Diano a,b,c,d,*
ABSTRACT
Hypothalamic Prolyl carboxypeptidase (PRCP) plays a role in the regulation of energy metabolism by inactivating hypothalamic a-melanocyte
stimulating hormone (a-MSH) levels and thus affecting melanocortin signaling. Alpha-MSH production is highly regulated both at transcriptional
and posttranslational levels. Here we show that fasting induces a hypothalamic-specific up-regulation of Prcp mRNA and protein levels. Since
fasting is characterized by elevated circulating ghrelin levels, we tested the effect of peripheral and central administration of ghrelin, and found
that ghrelin increases hypothalamic Prcp mRNA expression. No changes in Prcp mRNA levels were detected in ghrelin knockout mice compared to
their controls. Finally, ghrelin effect on PRCP expression was ghrelin receptor-mediated. Altogether our data show that ghrelin is a key regulator of
hypothalamic PRCP expression, and up-regulation of PRCP by ghrelin may be an additional mechanism to decrease melanocortin signaling.

& 2013 Elsevier GmbH. All rights reserved.
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1. INTRODUCTION

Prolyl carboxypeptidase (PRCP), a small glycosylated protein and a
member of serine proteases, catalyzes the cleavage of one amino acid
at the c-terminal of substrates containing a proline at the penultime
amino acid position [1–3]. PRCP is expressed in the hypothalamus in
key nuclei involved in the regulation of energy metabolism [4–6]. We
have shown that alpha-melanocyte stimulating hormone (a-MSH) is a
substrate of PRCP [4]. By the removal of the last amino acid, a-MSH is
unable to activate melanocortin 4 receptor (MC4R)-expressing neurons
in the paraventricular nucleus of the hypothalamus (PVN). In support
of its role in a-MSH inactivation, Prcp-ablated mice (Prcpgt/gt) show
increased a-MSH levels in the hypothalamus and lower body weight,
body length, food intake with a concomitant increase in energy
expenditure compared to wild type controls [4–6]. This increase in
energy expenditure was, at least in part, due to an increase of
circulating thyroid hormones due to an up-regulation of TRH gene
expression in the PVN [5]. In addition, Prcpgt/gt mice are protected from
diet-induced obesity having a significant decrease in body weight gain
and fat mass and improved metabolic parameters, such as glucose
tolerance, insulin sensitivity and liver metabolism compared to diet-
induced obese (DIO) wild type mice [6].
PRCP is widely distributed in the brain. For example, PRCP is expressed
in the cerebral cortex, hippocampus, brain stem and the hypothalamus.
Specifically, in the mediobasal hypothalamus PRCP is mostly expressed
in the dorsomedial nucleus (DMH), in the lateral hypothalamus (LH) and
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moderately in the arcuate nucleus (ARC) [4]. In the ARC, PRCP is not
localized in a-MSH-expressing neurons, while in the LH, PRCP is
expressed in subpopulations of melanin concentrating (MCH)- and
hypocretin/orexin (Hcrt)-containing neurons [4]. Neurons in all these
nuclei are known to project to the PVN where they could release
PRCP, which would then inactivate a-MSH at the synaptic levels
influencing body energy metabolism [4]. In addition, in the DMH PRCP
may cleave a-MSH intracellularly after ligand-mediated receptor
endocytosis since MC4R-containing neurons are also expressed in this
nucleus [7]. All of these anatomical and functional data demon-
strate that PRCP action is important for controlling a-MSH concentra-
tion in the hypothalamus, and thus, to regulate whole body energy
metabolism, representing a potential therapeutic target for obesity
treatment [8].
To date, the regulation of PRCP in the hypothalamus is undetermined.
Thus, our study was undertaken to assess whether PRCP expression is
regulated in different metabolic states.

2. MATERIALS AND METHODS

2.1. Animals
All animal studies were approved by Yale University Institutional Animal
Care and Use Committee. Male mice on a C57Bl6 background (3–5
months old) were used in all of these studies [4–6,9]. Animals were
housed in a temperature-controlled environment (25 1C) with a 12 h
light/12 h dark cycle, and had a free access to standard chow diet
ase; (Prcpgt/gt), Prcp-ablated mice; (DMH), Dorsomedial nucleus; (LH), Lateral hypothalamus; (ARC), Arcuate nucleus;
CH), Melanin concentrating hormone; (GHS-R), Growth hormone secretagogue receptor
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(Harlan Teklad#2018). Fasted animals were food deprived overnight
(about 16 h). For intraperitoneal (i.p) ghrelin injection, animals received
a single dose of either ghrelin (10 nmol/mouse; PolyPeptide Labora-
tories, INC, Torrance, CA; cat.# SC1356) or the equivalent volume of
vehicle (saline) just before the beginning of the dark phase. Food was
removed and animals sacrificed after three hours from the injection. For
central administration (icv) of ghrelin, mice were individually housed
for a week. Then, a cannula was implanted into the lateral ventricle as
described elsewhere [9], and animals were allowed to recover for
another week. Mice were then icv injected with either vehicle (saline)
or ghrelin (2 mg) at the beginning of the dark phase. Animals were
sacrificed after one hour from the administration. Brains were collected
for either in situ hybridization or Western Blot analysis.

2.2. Western blot analysis
The hypothalamic regions including the ARC, DMH, VMH and LH, as
well as cortex were dissected from 4 months old C57BL/6 mice and
lysed by modified RIPA buffer (50 mM Tris–HCl, pH 7.5, 150 mM NaCl,
1 mM EDTA, 1% Triton-X-100, 0.1% SDS, 1 mM phenylmethylsulfonyl
fluoride) supplemented with protease inhibitor cocktail (Roche, Cat# 11
836 170 001) on ice for 30 minutes followed by centrifugation at
14,000 rpm for 15 min. Protein concentrations were determined using
the BCA kit (Thermo scientific, Cat# 23228 and 1859078). 20 mg of
proteins were resolved on 8% SDS-PAGE and transferred to PVDF
membrane (Millipore, Cat# IPVH 15150). Membranes were blocked with
5% dry milk in TBS (50 mM Tris–HCl, pH 7.5, 150 mM NaCl) for 1 h and
incubated with anti-PRCP antibody (Santa Cruz Biotechnology, Cat#
sc-49272) overnight at 4 1C. After three washes with TBST (TBS
including 0.05% Tween 20), membranes were incubated with anti-
rabbit IgG conjugated to horseradish peroxidase (Santa Cruz Biotech-
nology, Cat# sc-2004) for 1 h and washed three times with TBST.
Immunoreactive bands were visualized using the ECL kit (Thermo
scientific, Cat# 32016). Membranes were stripped using stripping
buffer (Thermo scientific, Cat# 21059) and reused to detect b-actin
(Sigma, Cat# A5441).

2.3. Radioactive in situ hybridization
Five hundred bp of S35-labeled sense and antisense riboprobes specific
to mice PRCP were generated, and purified using G-50 columns
(supplement Figure 1). Cryostat sections (20 mm; Leica’s CM 1850,
Wetzlar, Germany) were collected at a 200 mm interval and stored at
�80 1C. In situ hybridization was performed as previously reported
[4,5] with an overnight hybridization at 52 1C. Radioactive signal on
sections was visualized by a phosphorimager (STORM 860 II phosphor-
imager, GE Health Care, USA) and sections were then processed for
emulsion autoradiography.

2.4. Double fluorescence in situ hybridization (dFISH)
We performed a double FISH to label PRCP and ghrelin receptor
mRNAs. To this end, antisense riboprobes directed against PRCP
(biotinylated PRCP) and ghrelin receptor (digoxygenin-ghrelin receptor)
were simultaneously hybridized overnight at 52 1C, as described above.
After hybridization and washes, sections were developed for ghrelin
receptor, using a peroxidase-conjugated anti-DIG antibody (1:1000 in
TNB; 0.1 M Tris–HCl, pH 7.4, 0.05% Triton-X 100, 5 M NaCl, 2 mg/ml
BSA in RNase-free water) for 1.5 h followed by incubation for 30 min in
tyramide coupled with Alexa-594 (1:200 dilution in working solution,
Invitrogen, Carlsbad, CA). Sections were then incubated in 0.3% H2O2

for 15 min. To detect biotinylated PRCP probes, sections were incubated
with a peroxidase-conjugated anti-biotin antibody (1:1000 dilution in TNB;
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Vector Laboratories, Burlingame, CA) for 1.5 h, then incubated in Alexa
488-coupled tyramide (1:200 dilution; Invitrogen, Carlsbad, CA) for 30 min.
TNT washing (3� 10 min; 0.1 M Tris–HCl, pH 7.4, 0.15 M NaCl, 0.05%
Triton-X-100) was performed between each steps. Sections were then
coverslipped with aquamount for microscopic examination.

2.5. Statistical analysis
Radioactive in situ hybridization signal after emulsion autoradiography
was analyzed using the NIH ImageJ program. In every section, both
hemispheres of each area were analyzed for silver grain density. A
background density outside of the brain section was used to normalize
the data. The values of each group were compared to the value of
either fed or saline group (considered to be 100). For analysis of
Western Blot data, band density was normalized to b-actin, and then
compared to value of fed or vehicle-injected groups (considered to
100). All data are expressed as means7SE and were compared by
Student’s t test, and Po0.05 was considered significant.
3. RESULTS

3.1. Fasting increases hypothalamic PRCP mRNA and protein levels
Brain sections from fed and fasted C57Bl/6 mice were used to assess
Prcp mRNA expression levels by radioactive in situ hybridization. Prcp
mRNA expression in the hypothalamus was significantly increased by
fasting (Figure 1A–I and suppl Figure 2). Specifically, increase in Prcp
gene expression was observed in the ARC (100.0714.0 in fed vs.
469.07135.4 in fasting, n¼6 and 4, respectively, p¼0.0048;
Figure 1A–B, I), in the VMH (100.0721.7 in fed vs. 279.5799.8 in
fasting, n¼6 and 3, respectively, p¼0.0427; Figure 1A–B. I), in the
DMH (100.079.8 in fed vs. 359.5777.7 in fasting, n¼6 and 4,
respectively, p¼0.0032; Figure 1C–D, I), and in the LH (100.0718.4
in fed vs. 279.0743.6 in fasting, n¼6 and 4, respectively, p¼
0.0026; Figure 1E–F, I). On the other hand, no difference in Prcp mRNA
expression was observed in the cortex after fasting (100.0718.4 in
fed vs. 156.8728.0 in fasting, n¼6 and 4, respectively, p¼0.1126;
Figure 1G–I).
We also determined PRCP protein levels by Western blot analysis in the
brain of fed and fasted animals. To this end, we extracted total proteins
from micro-punched hypothalamic areas including the ARC, VMH, DMH,
LH, as well as from the cortex (Figure 2). Similar to its mRNA levels,
PRCP protein expression was increased in different areas of the
hypothalamus of fasted mice compared to fed animals. Specifically,
statistical significance was observed in the ARC (100.074.0 in fed vs.
127.077.0 in fasting, n¼3 for each, p¼0.029), VMH (100.071.5 in
fed vs. 123.971.1 in fasting, n¼3 for each, p¼0.0002) and in the
DMH (100.071.7 in fed vs. 118.271.3 in fasted mice, n¼3 for each,
p¼0.0045). Although increased, no significant differences were found
in the LH of fasted versus fed mice (100.076.7 in fed vs. 124.877.6
in fasted, n¼3 for each, p¼0.0704). PRCP expression in the cortex
was not affected by fasting (100.072.0 in fed vs. 101.371.2 in
fasting, n¼3 for each, p¼0.6022).

3.2. Ghrelin effect on PRCP mRNA expression in the brain
We next assessed whether ghrelin might be a key metabolic signal
for the induction of PRCP expression. We first determined the role
of circulating ghrelin on Prcp gene expression in brain. Animals
were i.p. injected with either saline (vehicle) or ghrelin just before
the beginning of the dark cycle. Three hours later, animals were
sacrificed and hypothalamic Prcp mRNA levels were measured
OLISM 2 (2013) 23–30 & 2013 Elsevier GmbH. All rights reserved. www.molecularmetabolism.com



Figure 1: Representative micrographs of several hypothalamic areas including the arcuate nucleus (ARC), ventromedial nucleus (VMH), dorsomedial nucleus (DMH), lateral hypothalamus (LH), as well as the cerebral cortex (CTX) showing silver grains from

in situ hybridization of Prcp mRNA in fed (panels A, C, E, G) and fasted mice (panels B, D, F, H). Prcp gene expression in both hemispheres of each area was analyzed using a NIH imageJ program, and relative density was compared between fed and

overnight fasted animals. 3v¼ third ventricle; f¼ fornix. *po0.05; **po0.01. Bar scales in panels A (for A–F) and G (for G and H) represent 200 mm.

Figure 2: Representative Western blot images and density results of PRCP protein levels in several hypothalamic areas including the ARC, VMH, DMH, LH, and CTX of fed and fasted mice. The density of PRCP protein (upper band) was first normalized to

b-actin (lower band) using a NIH imageJ program, and then compared between fed and overnight fasted groups. *po0.05; **po0.01; ***po0.001.
by in situ hybridization. Similar to fasting, increased Prcp mRNA
expression was observed in different hypothalamic nuclei after
peripheral ghrelin administration (Figure 3A–I and suppl Figure 3). A
statistically significant induction of PRCP gene expression was detected
in the ARC (100.0714.5 in ip saline- vs. 184.8717.3 in ip ghrelin-
treated mice, n¼4 and 3, respectively, p¼0.0129; Figure 3A–B, I),
VMH (100.0712.9 in ip saline- vs. 182.7711.9 in ip ghrelin-treated
mice, n¼4 and 3, respectively, p¼0.0061; Figure 3A–B, I), and DMH
(100.077.1 in ip saline- vs. 291.2749.9 in ip ghrelin-treated
mice, n¼4 and 3, respectively, p¼0.0065; Figure 3C–D,I), while in
the LH (100.0721.0 in ip saline- vs. 142.177.1 in ip ghrelin-treated
mice, n¼4 and 3, respectively, p¼0.1604; Figure 3E–F, I) and in the
cortex (100.0714.6 in ip saline- vs. 144.977.7 in ip ghrelin-treated
mice, n¼4 for each, p¼0.0532; Figure 3G–I), Prcp mRNA levels did
not show significant differences.
MOLECULAR METABOLISM 2 (2013) 23–30 & 2013 Elsevier GmbH. All rights reserved. www.molec
Next, to determine whether the increased Prcp mRNA level in the brain
was due to the direct action of ghrelin, a single dose of ghrelin
was injected intracerebroventricularly (Figure 4A–I and suppl Figure 4).
A statistically significant induction of Prcp gene expression following
central administration of ghrelin was observed in the ARC (100.079.1
in icv saline vs. 141.178.6 in icv ghrelin-treated mice, n¼3 for
each, p¼0.03; Figure 4A–B, I), VMH (100.076.5 in icv saline vs.
138.676.3 in icv ghrelin-treated mice, n¼4 and 3, respectively,
p¼0.009; Figure 4A–B, I) and DMH (100.079.7 in icv saline vs.
134.575.2 in icv ghrelin-treated mice, n¼3 for each, p¼0.035;
Figure 4C–D, I), while no significant difference was detected in the LH
(100.0712.3 in saline vs. 106.3710.4 in icv ghrelin-treated mice,
n¼4 and 3, respectively, p¼0.725; Figure 4E–F, I) and cortex
(100.0712.3 in saline vs. 108.878.3 in icv ghrelin-treated mice,
n¼4 and 3, respectively, p¼0.609; Figure 4G–I).
ularmetabolism.com 25



Figure 3: Representative micrographs of several hypothalamic areas including ARC, VMH, DMH, LH, and CTX showing silver grains from in situ hybridization of Prcp mRNA in ip saline- (panels A, C, E, G) and ip ghrelin-treated mice (panels B, D, F, H). Prcp

mRNA expression in both hemispheres of each area was analyzed using a NIH imageJ program, and relative density was compared between ip saline- and ip ghrelin-injected groups. 3v¼ third ventricle; f¼ fornix. *po0.05; **po0.01. Bar scales in panels

A (for A–F) and G (for G and H) represent 200 mm.

Figure 4: Representative micrographs of several hypothalamic areas including ARC, VMH, DMH, LH, and CTX showing silver grains from in situ hybridization of Prcp mRNA in icv saline- (panels A, C, E, G) and icv ghrelin-injected mice (panels B, D, F, H).

Prcp mRNA expression in both hemispheres of each brain area, was analyzed using a NIH imageJ program, and relative density was compared between icv saline- and icv ghrelin-injected groups. 3v: third ventricle; f: fornix. *po0.05; **po0.01. Bar

scales in panels A (for A–F) and G (for G and H) represent 200 mm.

Original article
To further test the role of ghrelin in PRCP regulation, we assessed Prcp gene
expression in fed and fasted ghrelin knockout mice (Ghr� /� ; [10];
Figure 5A–I and suppl Figure 5). No differences in Prcp gene expression
26 MOLECULAR METAB
in the hypothalami of fed and fasted Ghr� /� mice was found in all the
hypothalamic areas examined (ARC: 100.077.2 in fed vs. 80.0711.7
fasted mice, p¼0.1689, Figure 5A–B, I; VMH: 100.0711.1 in fed vs.
OLISM 2 (2013) 23–30 & 2013 Elsevier GmbH. All rights reserved. www.molecularmetabolism.com



Figure 5: Representative micrographs of several hypothalamic areas including ARC, VMH, DMH, LH, and CTX showing silver grains from in situ hybridization of Prcp mRNA in fed (panels A, C, E, G) and fasted ghrelin knockout mice (panels B, D, F, H). Prcp

mRNA expression in both hemispheres of each brain area, was analyzed using a NIH imageJ program, and relative density was compared between fed and overnight fasted ghrelin knockout animals. 3v: third ventricle; f: fornix. *po0.05; **po0.01. Bar

scales in panels A (for A–F) and G (for G and H) represent 200 mm.
67.3711.8 fasted, p¼0.1129, Figure 5A–B, I; DMH: 100.079.5 in fed vs.
78.0716.7 fasted mice, p¼0.2527, Figure 5C–D, I; LH: 100.076.8 in
fed vs. 79.676.9 fasted mice, p¼0.1040, Figure 5E–F, I; CTX:
100.0715.4 in fed vs. 77.4710.9 fasted mice, p¼0.3703,
Figure 5G–I; n¼6 for fed and 4 for fasted mice).
3.3. Ghrelin action on PRCP expression is mediated by ghrelin
receptors
Considering the effect of ghrelin on Prcp mRNA levels, we then assessed
whether ghrelin action on central Prcp expression was mediated by ghrelin
receptors (Ghs-r). By double fluorescent in situ hybridization, we first
assessed whether Prcp and ghrelin receptors are co-expressed in the
same neurons (Figure 6). A vast majority of Prcp-expressing cells in the
hypothalamus were found to express ghrelin receptor, suggesting that
ghrelin action on Prcp gene expression may be mediated by its receptor. In
one animal, we analyzed the colocalization of Prcp and Ghs-r mRNAs. We
found that in the ARC out of 119 Prcp mRNA-expressing neurons, 96 cells
were expressing Ghs-r mRNA (80.7%), in the VMH out of 156 Prcp mRNA-
expressing neurons, 137 cells were expressing Ghs-r mRNA (87.8%), in the
DMH out of 61 Prcp mRNA-expressing neurons, 51 cells were expressing
Ghs-r mRNA (83.6%); in the LH out of 131 Prcp mRNA-expressing neurons,
101 cells were expressing Ghs-r mRNA (77.0%) and in CTX out of 164 Prcp
mRNA-expressing neurons, 143 cells were expressing Ghs-r mRNA (87.2%).
To further determine whether ghrelin-induced increase of Prcp expression is
mediated by Ghs-r, we measured PRCP protein levels in the hypothalamus of
ip saline- (vehicle) or ghrelin-injected Ghs-r knockout mice (Ghsr� /� ; 9).
While hypothalamic PRCP protein level was increased by ghrelin adminis-
tration in wild type control mice (100.070.1 in saline vs. 112.971.0
ghrelin-treated mice, p¼0.006; Figure 7), ghrelin treatment to Ghsr� /�

mice did not alter hypothalamic PRCP protein levels compared to saline-
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treated Ghsr� /� controls (100.573.3 in saline vs. 97.371.9 ghrelin-
treated mice, p¼0.42; Figure 7).
4. DISCUSSION

Anatomical and functional data have shown that PRCP, a member of the
serine protease family [1–3], plays a role in metabolism regulation by
degrading central a-MSH and thus affecting melanocortin signaling [4–6].
In support of these, mice in which Prcp gene was deleted showed reduced
food intake, body weight and fat mass and increased energy expendi-
ture [5]. Furthermore, when exposed to high fat diet, they showed
resistance to diet-induced obesity compared to their wild type controls
[4,6]. Considering the role of PRCP in metabolism regulation through the
control of the central melanocortin system, it is conceivable that its
expression and activity levels may be under the control of peripheral
metabolic signals including hormones. To test this, we first analyzed Prcp
expression both at mRNA and protein levels in several hypothalamic nuclei
in fed and fasting conditions. Hypothalamic Prcp mRNA and protein levels
were found up-regulated by fasting. However, in the cortex, fasting did not
induce changes in Prcp mRNA and protein levels. Since ghrelin is a key
orexigenic hormone [11], we determined the potential role of ghrelin in
regulating hypothalamic Prcp gene expression. We found that both
peripheral and central administration of ghrelin promoted an increase in
hypothalamic Prcp expression. In support of this, fasting did not induce the
increase of Prcp expression in ghrelin knockout (Ghr� /� ) mice. To further
assess whether ghrelin effect is mediated by its receptor (GHS-R), we first
determine the pattern of expression of Ghs-r and Prcp mRNAs and found
that they indeed co-localize in the hypothalamus. We then determined
PRCP protein levels in the hypothalamus of vehicle- and ghrelin-treated
Ghsr� /� mice and found that ghrelin did not affect PRCP levels compared
ularmetabolism.com 27



Figure 6: Representative photographs showing colocalization of ghrelin receptors (Ghs-r) and Prcp mRNA in the hypothalamic ARC, VMH, DMH, LH and the CTX, by double fluorescent in situ hybridization. Red and green represent Ghs-r- and Prcp-

expressing cells, respectively. Merged images show co-labeled cells producing both Ghs-r and Prcp. 3v: third ventricle. Bar scale represents 30 mm for all panels. (For interpretation of the references to color in this figure legend, the reader is referred to the

web version of this article.)

Original article
to vehicle-treated Ghsr� /� controls. Altogether our data suggest that
ghrelin is an important regulator of PRCP and, thus, a-MSH degradation.
Arcuate nucleus levels of a-MSH are tightly regulated and they change
according to the metabolic state of the organism [12]. For example,
28 MOLECULAR METAB
during fasting, a reduction of Pomc mRNA has been shown [13,14].
This decrease is mainly due to the regulation of Pomc gene by
the peripheral adipose-derived hormone, leptin [14]. Leptin-deficient
mice (ob/ob) indeed also have reduced levels of Pomc mRNA in the
OLISM 2 (2013) 23–30 & 2013 Elsevier GmbH. All rights reserved. www.molecularmetabolism.com



Figure 7: Representative Western blot images and density results of PRCP protein levels in the whole hypothalamus of wild

type and Ghsr� /� mice after ip ghrelin administration. The density of PRCP protein levels (upper bands) was first normalized

to b-actin (lower bands) using a NIH imageJ program, and then relative density was compared between saline and ip ghrelin-

injected wild type and Ghsr� /� animals. **po0.01.
hypothalamus, and leptin replacement induces an increase in Pomc
mRNA [13–16]. Furthermore, a-MSH, is generated by extensive
posttranslational processes that involve several enzymes such as the
prohormone convertases 1 and 2 (PC1 and PC2), carboxypeptidase E (CPE)
and peptidyl a-amidating monooxygenase (PAM). These posttranslational
processes have been shown regulated by metabolic signals. For example,
PC1 and PC2 are lower during fasting because of diminishing leptin levels
[17] suggesting that leptin-dependent stimulation of a-MSH involves the
activation of Pomc transcription as well as the increase of PC1 and PC2
expression, which together lead to the increased production of a-MSH.
However, little is known about the regulation of a-MSH degradation. PRCP
is expressed in key hypothalamic areas, including the DMH, ARC and
LH [4]. Interestingly, the DMH and LH do not express POMC, and within the
ARC, PRCP is not localized in a-MSH-expressing neurons [4]. This pattern
of expression suggests that PRCP may function at the synaptic levels,
inactivating a-MSH once released. Indeed, all of these areas project to the
target region of a-MSH projections, the PVN, where a-MSH terminals
innervate MC4R-expressing neurons [18]. Thus, PRCP may control the
output and efficacy of the melanocortin system. In support of this,
Shinyama and collaborators [19] have shown that a-MSH degradation is
independent of MC4R.
Fasting and both peripheral and central administration of ghrelin
promoted Prcp gene expression in the ARC, VMH, and DMH. Given
that arcuate POMC neurons do not express ghrelin receptor or PRCP
[20], and that ghrelin activate Neuropeptide Y/ Agouti related peptide
(NPY/AgRP)-expressing neurons, it is conceivable that PRCP is
expressed in the arcuate NPY/AgRP neurons. These orexigenic neurons
are known to project to the MC4R-expressing neurons in the PVN
where they will control melanocortin signaling by releasing both AgRP,
the endogenous reverse agonist of MC4R, and PRCP which will
inactivate MC4R endogenous agonist, a-MSH.
Interestingly, areas such as the LH, although showed a significant
change in PRCP expression after fasting, did not show a significant
increase in PRCP expression after either central or peripheral ghrelin
administration. PRCP is expressed in subpopulations of hypocretin/
orexin (Hcrt)- and melanin concentrating hormone (MCH)-expressing
MOLECULAR METABOLISM 2 (2013) 23–30 & 2013 Elsevier GmbH. All rights reserved. www.molec
neurons of the LH [4] and ghrelin receptors are expressed in the LH
[21,22]. However, the inability of ghrelin to induce significant changes
in PRCP expression may be due to a selective expression of GHS-R in
this region. In support of this, Toshinai and collaborators [23] found that
ghrelin induces c-fos activation in Hcrt neurons, but not in MCH neurons of
the LH, suggesting that MCH neurons may not express GHS-R and therefore,
ghrelin may be able to regulate PRCP only in a selected subpopulation of
PRCP-expressing neurons. In our study we analyzed PRCP expression in the
entire LH, which may preclude us from finding changes in selective neuronal
subpopulations. It is also possible that other metabolic signals affected by
fasting may be responsible for Prcp regulation in the LH. Similarly, despite
the colocalization of Prcp and Ghs-r in the cortex, no effect on Prcp
expression was found after ghrelin treatment. However, fasting also failed to
alter Prcp levels in the cortex suggesting that fasting-induced changes in
Prcp expression in the brain are region-specific.
In conclusion, our data provide evidence for a dynamic relationship
between central PRCP and metabolic signals. Prcp is an inducible
obesity gene in the hypothalamus, and ghrelin is necessary for fasting-
induced PRCP expression in the hypothalamus.
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