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Ghrelin is a 28 amino acid orexigenic peptide hormone that is secreted predominantly by tX/A cells
in the stomach, and it plays a major role in energy homeostasis. Activated ghrelin has an n-octanoyl
group covalently linked to the hydroxyl group of the Ser3 residue, which is critical for its binding
to the G-protein coupled growth hormone secretagogue receptor-la (GHS-Rla). According to recent
reports, both ghrelin and its receptor, GHS-R1a, are expressed by a variety of immune cells, including
T- and B-lymphocytes, monocytes, and dendritic cells, and ghrelin stimulation of leukocytes provides
a potent immunomodulatory signal controlling systemic and age-associated inflammation and thymic
involution. Here, we report that ghrelin protected murine thymocytes from dexamethasone (DEX)-in-
duced cell death both in vivo and in vitro. Subsequently, we explored the molecular mechanisms of
the antiapoptotic effect of ghrelin. According to our experiments, ghrelin inhibited the expression of
proapoptotic proteins via the regulation of glucocorticoid receptor (GR) phosphorylation. As a result,
ghrelin inhibited the proapoptotic activation of proteins, such as Caspase-3, PARP, and Bim. These
data suggest that ghrelin, through GHS-R, inhibits the pathway to apoptosis by regulation of the proa-
poptotic protein activation signal pathway. They provide evidence that blocking apoptosis is an essen-
tial function of ghrelin during the development of thymocytes.
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Paraffinell 2vj€ 2%-& HH7|(Leica, Austria)s At83}
o] 5 um FA9 HHE Superfrost plus (Fisher Scientific,
USA) €eteltel BN A AzA 7 &, TUNELH Caspase-
3 FAEANES AANAT
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Xylene#} ethanolZ paraffine | A A7l 22 & PBSE %
13 AlAs& &, In Situ Cell Death Detectlon K1t (Roche,
PA, USA) Alg¥ WHHE TUNEL ¥-&-2 A2l $, mount-
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orescence microscope, Jena, Germany) 2.2 #&3}% o, 4
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T EE Annexin-V-FLUOS Staining Kit (Roche)l| A A
¥3t= Annexin V-FITC® PIZAZ ¢4AF tg BD
FACSCantoTM IT (BD biosciences; CA, USA)Z &4 3%t}
A7 £4 2 FlowJo software (Version 7.6.4; OR, USA)< A
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N2 328 98 AEE A7 PBS (pH 74)Z 13 Al
A g &, protease inhibitor$} phosphatase inhibitor7} 3715
RIPA buffer (Sigma, MO, USA)Z cellg lysisAlZl ¥,
Bradford protein assay kit (Bio-rad, CA, USA)<& A3
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HRP7} B9l 22 &A1& ¥1 14T 5 A2AA g
AR o83 #$4< A PVDF membrane-: ECL
(Luminata™ Crescendo, EMD Millipore)& =23 3, X- -ray
filmol Z+3A 7 dWde] B =& 2}?_10}95’\‘3}.

Real-Time PCR

A E W Total RNAZ Trizol® reagent (Invitrogen, CA,
USA)E o] &3ted &ttt F2344 & s 71 €3,
WA PBSE 13] A& AEo| 1 ml Trizols Y1 583k §H&
A7l %, 200 ul Chloroforme 91 4T, 12,000x goll A 1027
A2 st A5de 2T ts LT G iso-
propanol& %0} 4T, 12,000x goll A 1027+ YA EZE 53

A& RNA pellet& 70% ethanolZ 7,500x g2 584 F Wl
A 3 01% DEPC7F A28 FFFol =9 total RNAS
ATk ol¥A FZ% RNAT RevertAid First Strand cDNA
Synthesis Kit (Thermo Scientific, PA, USA)& AH-&-3te] ¢<DNA
£ 43 L, Maxima® SYBR Green/ROX qPCR Master
Mix (Thermo Scientific)® 7500 Real-time Thermal Cycler
(Applied Biosystems, IL, USA)& At&3te] fH2E A
AT DNA®| ¥H--#2 185 rRNAS 7hA 3L Hl w3l g o,
ddCT#k< Atste] FhdF £4 et A& primers
23 2t} Bim-LE (f): GGT CCT CCA GTG GGT ATT TCT
C Bim-L (f): GAA CCG CAA GAC AGG AGC CC; Bim-S
(f: AGA ACC GCA AGC TTC CAT ACG AG; Bim (r): TAA
GIT TCG TTG AAC TCG TCT CG; 185 (f): AGA AAC GGC
TAC CAC ATC CAA; 185 (r): CCT GTA TTG TTA TTT TTC
GTC ACT ACC T.
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A A2 7(160.8 + 121 cells)oll A FHAHEL] A EAE
A a2 FAT & 9% oM (Fig. 1A and B), F49 F7
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A A th(Fig. 2C and D).
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Fig. 1. Protection of apoptosis by Ghrelin as revealed by TUNEL assay. (A) C57BL/6 mice were injected with ghrelin at 100 ng/kg over

a 18 hr time period in the presence or absence of DEX. TUNEL staining (red) and staining with DAPI (blue) indicate undergoing
apoptotic cell death. (B) Quantity of TUNEL positive cells. The number of TUNEL positive cells was significantly reduced in ghre-
lin-treated group than in DEX alone group. (C) The weight of thymus. The weight of the thymus also decreased in ghrelin-treated
group. The results are presented as the means + standard error of the mean (S.EM). *p<0.05 **p<0.01 compared to corresponding
value for none-treated control mice.; "p<0.01 compared to corresponding value for DEX-treated mice. Scale bars = 100 pm.
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Fig. 2. The inhibitory effect of ghrelin on DEX-induced apoptosis in mice as demonstrated by western blot and Immunohistochemical

analysis. (A) Mice were injected with ghrelin at 100 ug/kg over a 18 hr time period in the presence or absence of dexamethasone
after which the thymi were lysed and extracted proteins were examined by Western blot analysis using antibodies specific
for caspase-3 and PARP. (B) The percentage of cleaved-Caspase-3 and -PARP expression as calculated by Densitometric
analysis. The density of each band was measured by Multi Gauge V3.1 software (Fujifilm, Tokyo, Japan) and used to calculate
the increased fold based on B-actin. (C) Immunohistochemical analysis was performed using a polyclonal anti-cleaved
Caspase-3 antibody in thymus. (D) Percentage of cleaved-Caspase-3 positive cells (n=5 for each group). The results are pre-
sented as the means + SEM. *p<0.01 compared to corresponding value for untreated control mice.; *p<0.01 compared
to corresponding value for DEX-treated mice. Scale bars = 20 pm.
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Fig. 3. In vitro assessment of apoptosis in thymocytes. (A) Thymocytes (5x10°) were treated with different concentrations for 24
hr, or were treated for different times with 10 nM of DEX. Cells were then harvested and incubated with recombinant

annexin V-FITC. PI was added to all samples just before analysis by flow cytometry.

(B, C) Thymocytes (5.0x10°) were

treated with ghrelin (100 pM) for 18 hr in the presence or absence of DEX (10 nM). The induction of apoptosis was determined

by flow cytometric analysis of Annexin V-FITC and Pl-staining. Mean + s.e.m. (n=3).
p<0.05 *p<0.01 compared to the DEX-treated cells.
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Fig, 4.

Inhibition of dexamethasone and glucocorticoid receptor pathways by ghrelin. Thymocytes (5.0x10% were treated with ghrelin

(100 uM) in the presence or absence of DEX (10 nM) for the indicated times. (A) Cells were lysed and examined by Western
blot analysis using antibodies specific for phospho-GR (Ser21), Bim, cleaved-Caspase-3 and cleaved-PARP. (B) Cytoplasmic
and nuclear proteins were isolated using NE-PER Nuclear Protein Extraction Kit (Thermo). Samples were analyzed for nuclear
and cytosolic GR and Bim, HnRNP (nuclear indicator), and a-tubulin (cytosolic indicator) by Western analysis. (C) Cells
were immunoprecipitated with anti-GR or anti-HSP90 after which western blots were performed with anti-GR and anti-HSP90.
(D) Total RNA from cells treated with ghrelin (100 uM) in the presence or absence of DEX (10 nM) for 8 hr was subjected
to real-time PCR analysis for BimEL, BimL, and BimS mRNA expression. The results are means + SEM from 3 experiments,
are normalized to 18s RNA and are presented as arbitrary units. **p<0.01 compared to corresponding value for none-treated
untreated cells; *p<0.05 *p<0.01 compared to corresponding value for DEX-treated cells.
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0|z=

(HWt st BK21Z g 2 §FE o3t AT

287§ 9] oppliato 2 o] Fo1A Sl Ghrelin 9 714 #9 X/A-frAH AFWEH AEA F2 §4 £vlH
T EAZ 49 AAY A, duA 334 T2 2-A%e 9FS 39, ol @ Ghrelin E43t= FE&AQ
G-protein coupled growth hormone secretagogue receptor-la (GHS-R1a)¢t A%< &3 dojdot. A2 Bag
Aol B2, ghrelindt &A= Ay AFeHE, HsteA S8BT obyek T Ay @7 5 Az 5 19
AEAANE YFHH, GSUEE FEe AoE7YY S dAste q2< I =3 §49 B3 & 7
G718l JAME T2 TEEZoE BuHI AL I 7J-oy 7o i A7t ok vv Aot
2 ATodAE SN T M2 Aol A224L dAsts =22 434 e g EHE(Dexametha-
sone; DEX) 2.2 M ZAME & FEAZ FAMEA ghreling Aglste] AlZAE AAEHE Yolroitt 1 A3
Ghrelin Al ZAME ] 52 @Al Caspase-3¢t PARP 2 Bim9| &4 317} in vivo B in vitro EFoll A &34
L2 A E e FAT  dslon, ol d AEAEY A LA ghreline A2 7 DEXl os) 2434
Glucocorticoid -84 (GR)¢] Q14+81e] A9} HSPI0 &3 HFA S o] F1 A& GRo| ZASHHEA Lo &=
FEE AANA AHH s 8 oz olFsts A< JAste 71HE T dEbde & F AT T
A3 & 53 & u, ghreling FEolu A A4 2EH2 5oz 9 T A W "AzE
AZAE E5e € A2Z AnHY, Yopr} o2 I FAHHSE 23T F e AR FEEEEAY AT

s 71dg  glegz Asdn.
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