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Abstract
Ghrelin is a 28 amino acid peptide endogenous ligand for growth hormone secretatgogue
receptor (GHS-R) that functions to stimulate growth hormone, regulate inflammation,
appetite and energy balance. However, the regulation of ghrelin expression by
pro-inflammatory cytokines during inflammation process has never been investigated
systematically. This study was carried out to investigate the effects of major
pro-inflammatory cytokines such as TNF-α and IL-6 on ghrelin expression using AR42J rat
pancreatic cell line as model system. The cells were treated with different concentrations of
the cytokines for 24 hours. Real-Time RT-PCR, Western blot and densitometry analysis were
carried out to quantify ghrelin mRNA and protein expression, respectively. Although TNF-α
and IL-6 stimulation resulted in a general down-regulatory pattern in both mRNA and protein
expression of ghrelin, stimulation with 5 ng/ml of TNF-α and IL-6 slightly induced the
expression of ghrelin expression. However, higher doses of the cytokines ranging from
10-50 ng/ml suppressed the ghrelin expression in a dose-dependant manner. These results
indicate that ghrelin in AR42J pancreatic cell line is regulated by the pro-inflammatory
cytokines and that the dosages of the cytokines play an important factor in the regulation of
the expression.
Keywords: Ghrelin, Expression, TNF-α, IL-6, Gene regulation.
1. Introduction
Ghrelin is a 28 amino acids orexigenic hormone produced by X/A-like cells and is well
known as the endogenous ligand for growth hormone secretagogue receptor (GHS-R)
(Kojima & Kangawa, 2005). It is produced in the stomach, hypothalamus, pancreas,
pituitary, intestine, adrenal gland, testis, ovary, placenta and brain (Silvia & Kumar, 2010; Yin
et al., 2009). Ghrelin has two isoforms, ghrelin and des-Gln14-ghrelin and can be further
categorised into two groups, des-acyl ghrelin and acylated ghrelin. Acylated ghrelin is the
active form of ghrelin where it is acylated at the third serine residue of the peptide. This
modification is essential for the binding of ghrelin to GHS-R in order to exert its effect
(Soares & Moreira, 2008). Des-acyl ghrelin is the form of ghrelin that does not undergo
acylation. Ghrelin’s main function is to stimulate growth hormone release. Besides, it also
regulates food intake, energy homeostasis, adipogenesis and immune system (Kojima &
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Kangawa, 2005; Soares & Moreira, 2008).
Ghrelin has been studied in various diseases for its therapeutic role. Moreira and Soares
(2007) studied the role of ghrelin in bone, immune system, gastrointestinal tract and
cardiovascular system. From their studies on cardiovascular system, ghrelin is shown to
inhibit the basal and TNF-α-induced chemokines production and mononuclear cell adhesion.
This inhibition prevents endothelial dysfunction and inflammation of the cardiovascular
system, and thus, ghrelin could be used to treat atherosclerosis and to improve
pancreaticobiliary inflammation by inhibiting neutrophil action.
Tumour necrosis factor alpha (TNF-α) and interleukin 6 (IL-6) are pleiotropic cytokine
produced by different immune cells. TNF-α is produced by macrophages, while IL-6 is
produced by T-cells, monocytes and dendritic cells (Coico & Sunshine, 2009). Many studies
have been done to investigate the role ghrelin in the immune system. Most data suggest that
ghrelin is involved in regulating the transcription and mRNA expression of pro-inflammatory
cytokines, and this implicates that ghrelin has anti-inflammatory effects. According to Dixit
and Taub (2005), ghrelin inhibits the production of TNF-α and IL-6 through GHS-R pathway
due to the presence of this receptor on the immune cells. There are numerous studies on the
effects of ghrelin on cytokines expression, but thus far, no studies have been carried out to
investigate the effects of the pro-inflammatory cytokines on ghrelin expression instead. It was
hypothesised that the cytokines would decrease the expression of ghrelin for them to exert
their pro-inflammatory activities.
2. Materials and Methods
2.1 Cell culture
The rat pancreatic AR42J cells were purchased from American Type Culture Collection
(ATCC, USA) and grown in 4 mL of Nutrient Mixture F-12 Ham (F12K) (Sigma Aldrich,
USA) medium supplemented with 20% (v/v) of foetal bovine serum (FBS) (i-DNA,
Singapore). The cells were maintained and grown in a humid incubator of 5% (v/v) CO2 at
37˚C. The cell culture medium in the tissue culture flask was replaced every three days.
2.2 Treatment of AR42J Cells with Cytokines
The cells were allowed to grow until it reached approximately 70% confluence. Before
treatment of cells with cytokines (Millipore, USA), the growth medium was discarded and
the cells were washed twice with PBS. Then the cells were pre-incubated one hour with 4 mL
of complete growth medium with reduced amount of heat inactivated- foetal bovine serum
(HI-FBS) which was from 20% to 1% (v/v) HI-FBS. Following the incubation, the growth
medium was discarded and the cells were washed twice with PBS again. Subsequently,
different concentration of cytokines were added into the fresh medium supplemented with 1%
FBS. For the control sample, no cytokines were added. The cells were then incubated in a
humid incubator of 5% (v/v) CO2 at 37˚C for 24 hour.
2.3 Isolation of Total Cellular RNA, DNase Treatment of RNA and Total Protein Extraction
The total cellular RNA and total protein were extracted using Tri-Reagent® LS (Molecular
Research Center, USA) according to the manufacturer’s instruction. Prior to Real-Time PCR,
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the total RNA was DNase treated using RQ1 RNase-Free DNase (Promega, USA) to remove
any carried over DNA.
2.4 Real-Time Reverse Transcriptase-Polymerase Chain Reaction (Real-Time RT-PCR)
Real-Time PCR was carried out using Quantifast SYBR Green RT-PCR Kit (QIAGEN,
Germany) in iCycler iQ5 Real-Time PCR Detection System (Bio-Rad, USA). All reactions
were assembled in a final volume of 25 µl, containing 12.5 µl of 2x Quantifast SYBR Green
RT-PCR Master Mix, 1 µM of the respective forward and reverse primers, 0.2 µl of
Quantifast RT-Mix, and a final DNase-treated RNA template amount of 4 µg/µL. The
parameters used for PCR were as follows: 50˚C for 10 minutes to allow cDNA synthesis,
95˚C for 5 minutes of Reverse Transcriptase inactivation, followed by 35 cycles of
denaturation at 94˚C for 10 seconds, annealing at 65˚C for 20 seconds and primer extension
at 72˚C for 30 seconds, before a melt curve analysis was carried out. The quantity of the
target mRNA was normalised against a house-keeping gene, β-actin, which served as an
internal control for the determination of the relative mRNA expression of the target gene.
PCR primers specific for ghrelin were 5’-CAGAGGACAGAGGACAAGCAGAAGA-3′ and
5′-GCTGGATGTGAGTTCTTGCTTAGGA-3′ (Lai et al., 2005) and for β-actin were
5’-TCACCCTGAAGTACCCCATC-3’ and 5’-CCATCTCTTGCTCGAAGTCC-3’ (Chew et
al., 2007).
2.5 SDS-PAGE and Western Blot Analysis
A total of 50 µg protein samples was size-fractionated on 5-10% (w/v) polyacrylamide gels
containing SDS under reducing conditions and transferred to Immobilon-P membranes
(Milipore, USA) as described by the manufacturer. The PVDF membranes were probed
immunochemically with primary antibody diluted to the ratio of 1:1000 and subsequently in
secondary antibody (peroxidase-conjugated goat anti-rabbit IgG) (Cell Signaling Technology,
USA) diluted to the ratio of 1:2500. Primary antibodies used were anti-ghrelin antibody
(Santa Cruz Biotechnology, USA) and anti-β-actin antibody (AbFrontier, Korea).
Immunoreactive bands were visualised and their densities were analysed using the Fluorchem
FC2 system (Alpha Innotech, USA).
2.6 Statistical Analysis
The online GraphPad Software (GraphPad Software, Inc.) was utilised for statistical analysis.
Statistical significance was assessed to determine expression of ghrelin on treated AR42J
cells compared to the control (untreated AR42J cells) using a two-tailed, unpaired, Student’s-t
test. The criterion for statistical significance was *p < 0.05.
3. Results
3.1 Effects of TNF-α and IL-6 on Ghrelin mRNA Expression
Generally, the pattern in ghrelin mRNA expression in both TNF-α and IL-6 treated cells were
almost similar (Figure 1). Interestingly, ghrelin mRNA expression was increased by 10% and
41% in the concentration of 5 ng/mL of TNF-α and IL-6 treated cells, respectively.
Subsequently, the ghrelin mRNA was decreased by 10% and 43% in TNF-α and IL-6 treated
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cells as the cytokines concentration was increased to 10 ng/mL, respectively. The lowest
mRNA expression was achieved at the concentration of 50 ng/mL for both cytokines. At this
concentration, ghrelin mRNA expression decreased significantly by 45% in TNF-α treated
cell and 80% in IL-6 treated cells as compared to untreated control. Overall, both cytokines
inhibited ghrelin mRNA expression in a dose-dependent manner.

*

*

At the transcription level of ghrelin,
* factors that would affect the production of ghrelin
mRNA would be the promoter activators, cAMP and glucagon (Silvia & Kumar, 2010). The
decrease in these substances would decrease the activation
* of
* ghrelin gene transcription and
thus, lead to low level of ghrelin mRNA expression. Research done by Kast (2000) revealed
* study shows that TNF-α
that TNF-α plays a role in the regulation of cAMP level. His
decrease cAMP level by increasing the level of intracellular cyclic adenosine
phosphodiesterase. This enzyme functions to cleave the phosphodiester bond of cAMP,
resulting in a decrease in cAMP level. Eventually, the transcription rate of ghrelin mRNA
would decrease.

Figure 1. TNF-α and IL-6 downregulated the mRNA expression of ghrelin in higher
dose-dependent manner. *p < 0.05 represents statistically significant change from
control (untreated AR42J cells).

3.2 Effects of TNF-α and IL-6 on Ghrelin protein Expression
Figure 2(a) shows the immunodetection of ghrelin protein extracted from cells treated with
different cytokines. After Western blotting, densitometry anaylsis was performed to
quantitatively measure the protein expression (Figure 2(b)). β-actin was used as
housekeeping gene, in which its protein was shown to be expressed constantly and it was not
affected by any of the cytokine treatments. From the results, ghrelin protein expression
demonstrated similar patterns as the mRNA levels. An increase in density was observed in
cells treated with 5 ng/mL of IL-6. The densities were subsequently decreased as the
concentrations of cytokines were increased. At 50 ng/mL of TNF-α and IL-6, the protein
expression was decreased by 22% and 52%, respectively. Between these two cytokines, IL-6
treatment reduced the ghrelin protein expression significantly as compared to TNF-α.
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Figure 2. (a) Western blot analyses showed similar downregulated patterns in ghrelin protein
expression by TNF-α and IL-6, while β- actin remained unchanged.
(b) Relative quantified protein expression in cytokine-treated cells relative to untreated
control.
4. Discussion
The slight increase in ghrelin levels at cytokine concentration of 5 ng/mL is most probably
caused by the increase of the acute phase proteins which its production was stimulated by the
cytokines. Ghrelin is an acute phase reactant and its release may assist in restoring
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homeostasis. The anti-inflammatory effect of ghrelin may have caused a slight increase of its
expression at low concentration of both these cytokines. The concentration of the cytokine
may be too low to exert any effects on the ghrelin gene. At higher concentrations of 10 ng/mL
and above, the effects of the cytokines probably would have overcome the anti-inflammatory
effects of ghrelin and this would lead to the subsequent decrease in ghrelin expression.
Ghrelin mRNA expression would respond much earlier to the cytokines treatment as
compared to their respective protein expression. This shows that the cytokine’s inhibitory
effect act faster on the mRNA than the protein expression level.
As both TNF-α and IL-6 are pro-inflammatory cytokines, they may share many similar
functions and induce similar effects on the host (Gonullu et al., 2005). This could explain the
similarities of their action on ghrelin gene expression. One such similar function is both
induce insulin resistance in cells. TNF-α is shown to induce insulin resistance by inhibiting
insulin-mediated tyrosine phosphorylation on the insulin receptor beta-chains (Gonullu et al.,
2005; Ruan & Lodish, 2003). TNF-α induces serine phosphorylation on insulin receptor
substrate-1 (IRS-1) and this impairs insulin signalling. Other mechanisms which TNF-α
possesses to impair insulin sensitivity is that it induces lipolysis and increases free fatty acid
level which in turn would inhibit insulin signalling through the phosphorylation of insulin
signalling protein (Pereira & Maahs, 2008; Ruan & Lodish, 2003). During this state, insulin
could not exert its effect in promoting glucose uptake and hyperglycaemia would result. This
would induce the cell to compensate by increasing the levels of insulin in order to maintain
the normal glucose concentration (Ruan & Lodish, 2003). High levels of IL-6 are shown to
stimulate insulin resistance (Deepa et al., 2006; Holmes et al., 2008). Administration of IL-6
into healthy individual by Jiao et al. (2008) showed an increase in insulin resistance, plasma
insulin and glucose levels. IL-6 also increases the level of free fatty acids that would impact
insulin resistance as the free fatty acids are shown to inhibit insulin signalling (Jiao et al.,
2008; Pereira & Maahs, 2008). The exact mechanism on how IL-6 causes insulin resistance is
still not well studied. It is however hypothesised that IL-6 could induce the production of
TNF-α as suggested by Gonullu et al. (2005), which would subsequently cause the
development of insulin resistance.
The cell line used for this study was the pancreatic cell line, thus insulin could easily be
produced by the beta cells of the cell line itself. There are many controversial studies
regarding the relationship between ghrelin and insulin. To date, the mechanism of the effects
of insulin in regulating ghrelin gene expression remains unknown but studies done by
Kamegai et al. (2004) shows that insulin decreases ghrelin gene expression. Besides, Yin et al.
(2009) also mentioned that administration of insulin decreases ghrelin levels in humans and
rats. According to Kempa et al. (2007), insulin resistance is said to play a more important role
in regulating ghrelin gene expression as compared to insulin itself. Therefore, it is
hypothesised that IL-6 and TNF-α inhibits ghrelin gene expression indirectly by increasing
insulin level.
In conclusion, there is a dose-response relationship between ghrelin and pro-inflammatory
cytokines, TNF-α and IL-6. At high concentrations of cytokines, both ghrelin mRNA and
protein expressions are downregulated. The dosages of the cytokines play an important factor
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in the regulation of the ghrelin expression.
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