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Ghrelin is a gastric endocrine peptide that has been found to be involved in the process of energy homeostasis and bone
physiology in recent years. To explore the effects of ghrelin on endoplasmic reticulum stress (ERS) in MC3T3E1 cells and its
possible mechanism, an ERS model was induced by tunicamycin (TM) in the osteoblast line MC3T3E1. TM at 1.5 μg/mL was
selected as the experimental concentration found by CCK8 assay. Through the determination of apoptosis, reactive oxygen
species production, and endoplasmic reticulum stress-related gene expression, we found that ERS induced by TM can be
relieved by ghrelin in a concentration-dependent manner (P < 0:001). Compared with the TM group, ghrelin reduced the
expression of ERS-related marker genes induced by TM. Compared with the GSK621 +TM group without ghrelin
pretreatment, the mRNA expression of genes in the ghrelin pretreatment group decreased significantly (P < 0:001). The results
of protein analysis showed that the levels of BIP, p-AMPK, and cleaved-caspase3 in the TM group increased significantly,
while the levels decreased after ghrelin pretreatment. In group GSK621 +TM compared with group GSK621 + ghrelin+TM,
ghrelin pretreatment significantly reduced the level of p-AMPK, which is consistent with the trend of the ERS-related proteins
BIP and cleaved-caspase3. In conclusion, ghrelin alleviates the ERS induced by TM in a concentration-dependent manner and
may or at least partly alleviate the apoptosis induced by ERS in MC3T3E1 cells by inhibiting the phosphorylation of AMPK.

1. Introduction

As a hidden and common disease, osteoporosis is character-
ized by a decrease in bone mass and a change in bone
microstructure. Its complications, pain and brittle fracture,
seriously affect the quality of life of patients and even
threaten their lives. Previous studies have shown that apo-
ptosis induced by endoplasmic reticulum stress (ERS) in
osteoblasts plays an important role [1]. ERS is an “unfolded
protein reaction (UPR)” [2] in the endoplasmic reticulum
caused by endogenous and exogenous factors such as heat
shock, ultraviolet radiation, oxidative damage, hypoxia,
and hypoglycemia. The accumulation of unfolded or mis-
folded proteins triggers a stress response in the endoplasmic
reticulum to remove these proteins, and excessive ERS can
lead to apoptosis.

Ghrelin, the endogenous ligand of growth hormone
secretagogue receptor type 1a (GHSR-1a), is composed of
28 amino acids [3]. In recent years, ghrelin has been found
to play a role in various aspects, such as energy homeostasis
[4], cell proliferation and autophagy [5], cardiovascular dis-
ease [6], respiratory disease [7], and the immune system [8].
It was found that the incidence of osteoporosis increased
significantly after subtotal gastrectomy [9], and ghrelin poly-
peptide decreased significantly after surgery [10], which is
closely related to the pathogenesis of osteoporosis, but the
mechanism has not been elucidated.

AMPK (Adenosine Monophosphate Activated Protein
Kinase), a heterotrimer complex, contains a highly con-
served serine/threonine kinase domain and is a key molecule
in the regulation of bioenergy metabolism [11]. Previous
studies have shown that when blood glucose and lipid
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metabolism are out of balance, the activation of AMPK is the
key hub to regulate this process [12].

Based on the ERS model of osteoblasts induced by tuni-
camycin (TM), one of the aims of this experiment was to
pretreat osteoblasts with different concentrations of ghrelin,
detect the apoptosis of osteoblasts and the content of intra-
cellular reactive oxygen species (ROS), and observe the effect
of ghrelin on ERS in a concentration-dependent manner.
The other purpose was to verify the expression of ERS-
related marker genes and the changes in related pathway
factors in different groups at the molecular level to further
explain the protective effect of ghrelin on ERS in osteoblasts
and its possible related pathways.

2. Materials and Methods

2.1. Major Reagents. Tunicamycin (TM) was purchased from
Cayman Chemical Company (USA). Ghrelin (molecular
weight: 3314.8) was synthesized by Nanjing Peptide Biology
Company (CN). GSK621, purchased from Cayman Chemical
Company, is the agonist of AMPK.

2.2. Cell Culture. MC3T3E1 cells (ATCC, USA) were cul-
tured in α-MEM medium (Gibco, USA) containing 10%
fetal bovine serum and 1% penicillin and then maintained
in a humidified, 5% CO2 atmosphere at 37°C. The medium
was refreshed every two or three days, and the cells were
subcultured using 0.05% trypsin with 0.01% EDTA.

2.3. Measurement of Cell Viability. Cell viability was evalu-
ated by a CCK-8 (Solarbio, CN) method. MC3T3E1 cells
were incubated overnight in a 5% CO2 incubator at 37

°C at a
concentration of 5 ∗ 104 cells/ml and inoculated in a 96-well
plate. After the cells in the 96-well plate were completely
adhered to the wall, the culture medium with different concen-
trations of TM (0, 0.2, 0.4, 0.8, 1, 2, 4, and 8μg/mL) was
replaced. After 20 hours, the CCK-8 reagent was added, the
absorbance at 450nm was measured by a microplate reader,
and the IC50 of cells was calculated for subsequent experiments.

2.4. Assay of Annexin V-FITC/PI Apoptosis. After each group
was treated with the corresponding drugs and the necessary
control groups were set up, the cells were digested with
0.25% trypsin (excluding EDTA), washed twice with PBS
to collect 5 ∗ 105 cells, and resuspended in 500μL of binding
buffer. Then, 5μL of Annexin V-FITC was added, 5μL PI
(BD, USA) was added, and the mixture was incubated at
room temperature in the dark for 15min. Apoptosis was
detected by flow cytometry. The upper left quadrant repre-
sents a mechanically injured cell, and the upper right quad-
rant is a late apoptotic cell. The lower left quadrant is a
normal cell, and the lower right quadrant is an early apopto-
tic cell. In this experiment, the proportion of the upper
right quadrant + the lower right quadrant was used as the
percentage of apoptotic cells.

2.5. Reactive Oxygen Species Detection. After each group was
treated with drugs, a negative control and a positive control
were established at the same time. After 24 hours of culture,
the cells were washed with warm PBS, and 106 cells were

harvested by trypsin. Then, the cells were incubated in the
same volume of DCFH-DA solution (10μmol/L, Sigma,
USA) at 37°C for 0.5 h according to the manufacturer’s
protocol so that the probes were in full contact with the cells
and washed with PBS to remove the redundant probes. Flow
cytometry was used to detect the production of reactive
oxygen species in osteoblasts.

2.6. Reverse Transcription-Polymerase Chain Reaction (RT–
PCR) Detection of ERS-Related Gene Expression. Cells in
the logarithmic growth phase were inoculated in 6-well
plates (2 ∗ 105 cells/well). After adhering to thewall, cells were
cultured to a density of approximately 70% and then replaced
with warm drugmedium under different treatment conditions
including GSK621 pretreatment for 3 hours, ghrelin treatment
for 4 hours, and TM followed by 20 hours. Total RNA was
extracted according to the instructions (ABclonal, CN), and
the concentration and purity of RNAweremeasured by a spec-
trophotometer. Using RNA as a template, quantitative reverse
transcription was performed converting 1μg of into cDNA.
Finally, cDNA was used as a template, and specific forward
primers and reverse primers of each gene were added to
amplify the cDNA. The primer (Invitrogen, USA) sequences
used in this study are presented in Table 1.

2.7. Western Blot Analysis. After inoculation, the cells were
cultured in complete medium at a density of approximately
70%, and the corresponding treatments were carried out
according to the groups. Western blotting was carried out
according to previous research protocols, and RIPA (Solar-
bio, CN) was used to extract the total proteins. A BCA pro-
tein assay kit (Beyotime, CN) was used to determine the
protein concentration, and the same amount of protein
(30μg) was loaded into 10% SDS–PAGE gels for electropho-
resis under constant pressure. The protein was then trans-
ferred to the PVDF membrane under constant current,
sealed with 8% skimmed milk powder for 1.5 hours, incu-
bated with the primary antibody (β-actin, AMPK, p-AMPK,
BIP, and cleaved-caspase3, 1 : 1000 dilutions; CST, USA) for
12–16hours, washed on a shaker with TBST 4 times for 10
minutes each time, and then washed with the residual sec-
ondary antibody on a shaker again with the corresponding
secondary antibody (1 : 10000 dilutions, KPL, USA). The
generated protein bands were exposed and visualized on a
Fusion Fx machine in a dark room using ECL luminescent
solution (Meilunbio, CN).

2.8. Statistical Analysis. All experiments were repeated three
times. Data analysis and chart making were carried out
using GraphPad Prism 7.0 software or SPSS 22.0. Flow J
7.6.1 software was used to analyze the apoptosis and
ROS data of flow cytometry. ImageJ software was used
to analyze protein quantification. The general characteris-
tics of the data are described as the mean ± SD or mean
± SEM. Two independent samples were compared by the
Student’s t test, and multiple samples were compared by
one-way analysis of variance (ANOVA) and Tukey’s mul-
tiple comparisons test. P < 0:05 (two-sided) was considered
to indicate a significant difference.
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3. Results

3.1. Endoplasmic Reticulum Stress in MC3T3E1 Cells Induced
by Tunicamycin. In Figure 1, after treating cells with differ-
ent concentrations of TM for 20 hours, compared with the
control group (the survival rate was set to 1), the cell vitality
gradually decreased with increasing concentrations of TM.
When the concentrations of TM were 0.2, 0.4, 0.8, 1.0, 2.0,
4.0, and 8.0μg/mL, the cell survival rate of each group was
significantly different from that of the control group. The
half cytotoxicity index was approximately 1.5μg/mL, which
will be used in subsequent experiments to establish the
model of endoplasmic reticulum stress in MC3T3E1 cells.

3.2. Ghrelin Reduced TM-Induced Apoptosis and ROS
Production in MC3T3E1 Cells

3.2.1. Effects of Different Concentrations of Ghrelin on the
Incidence of Endoplasmic Reticulum Stress Apoptosis
Induced by TM. In Figure 2, compared with the control
group (6:68 ± 0:90), the incidence of apoptosis in the TM
group (34:04 ± 1:10) increased significantly (P < 0:001) after
20 hours of TM treatment, while after 4 hours of pretreat-
ment with different concentrations of ghrelin, the apoptosis
rate decreased significantly with the increase of the ghrelin
concentration, and the P value of the G10−11M + TM
(29:3 ± 0:64), G10−9M + TM (22:5 ± 0:26), and G10−7M +
TM (15:6 ± 1:90) groups compared with the TM group were
0.003, <0.001, and <0.001, respectively. Ghrelin has a
concentration-dependent protective effect on the TM-
induced apoptosis of MC3T3E1 cells.

3.2.2. Effects of Different Concentrations of Ghrelin on ROS
Production Induced by TM. The results of Figure 3 show that
the mean fluorescence intensity of ROS in the TM group
was significantly higher than that in the control group
(P < 0:001). The fluorescence intensities of the experimen-
tal group pretreated with different concentrations of
ghrelin for 4 hours were G10−11M + TM (107:2 ± 1:5), G
10−9M + TM (97:6 ± 0:9), and G10−7M + TM (77:0 ± 0:6),
which were significantly different from those treated with
TM alone for 20 hours, with P values of 0.002, <0.001,
and <0.001, respectively. In addition, ghrelin had a
concentration-dependent effect on ROS production induced
by TM, and the ROS content decreased with increasing pre-
treatment ghrelin concentration, which is consistent with
the above apoptosis results.

3.3. Ghrelin Reduces TM-Induced Apoptosis and ROS
Stress by Inhibiting AMPK Phosphorylation

3.3.1. Incidence of ERS Apoptosis among Different Groups
Related to TM. Compared with TM (28:2 ± 0:64), the
apoptosis rate of GSK621 + TM (55:5 ± 1:06) increased
significantly (P < 0:001), but decreased significantly after
ghrelin pretreatment (20:0 ± 0:49) (P < 0:001). Compared
with the GSK621 + TM group, the apoptosis rate in the
GSK621 + G10−7M + TM (22:9 ± 0:63) group decreased
significantly (P < 0:001) (see Figure 4).

3.3.2. Detection of Intracellular ROS Content among
Different Groups Related to TM by DCFH-DA. The intracel-
lular ROS content in TM +GSK621 (126:5 ± 0:57) was sig-
nificantly higher than that in TM (100:6 ± 0:22), P < 0:001.
After ghrelin pretreatment (G10−7M + TM, 92:8 ± 0:46), the
average fluorescence intensity of ROS decreased significantly
compared with that of the TM group (P < 0:001). Compared
with that in the TM+GSK621 group, the ROS content in
theGSK621 + G10−7M + TM group (100:3 ± 0:37) was signif-
icantly decreased (P < 0:001) (see Figure 5).

3.4. Detection of the Expression of ERS-Related Markers
(BIP/GRP78, IRE1α, and CHOP) in Different Groups by
qRT–PCR. Figures 6(a)–6(c) show that the relative expres-
sion levels of three ERS-related marker genes in the TM
group were 37:13 ± 1:51 (BIP), 23:20 ± 1:27 (CHOP), and

Table 1: Primers for qRT-PCR.

Gene Forward primer Reverse primer

β-Actin 5′-ACTGCCGCATCCTCTTCCT-3′ 5′-TCAACGTCACACTTCATGATGGA-3′
BIP/GRP78 5′-CTCCGGCGTGAGGTAGAAAA-3′ 5′-AGAGCGGAACAGGTCCATGT-3′
CHOP 5′-AGGAGGTCCTGTCCTCAGATGA-3′ 5′-ATGTGCGTGTGACCTCTGTTG-3′
IRE1α 5′-TGGCCGTTGTAGCTTCAGTCT-3′ 5′-CCACCGGAAAGCACGTAATAA-3′
BIP/GRP78, CHOP, and IRE1α are all marker genes of endoplasmic reticulum stress, and β-actin is a housekeeping gene.
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Figure 1: Cell viability after treatment with different concentrations
of TM. After the cells were treated with different concentrations of
TM (control, 0.2, 0.4, 0.8, 1, 2, 4, and 8μg/mL) for 20 h, cell
viability was determined by CCK-8 kit. Data represents the mean ±
SD obtained from three separate experiments. ∗ indicates compared
with the control group, ∗ indicates P < 0:05, ∗∗ indicates P < 0:01,
and ∗∗∗ indicates P < 0:001.
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15:37 ± 4:16 (IRE1α), which were significantly higher than
those in the control group (P < 0:01). Figures 6(d)–6(f) show
that there were significant differences in the three genes
among the four groups (P < 0:05).

In Figure 6(d), the relative expression of BIP among the
groups is as follows: TM (33:86 ± 2:91) vs. C (1:00 ± 0:01),

P < 0:001; TM vs. G10−7M + TM (12:17 ± 1:62), P < 0:001,
and C vs. G10−7M + TM, P < 0:001. The relative expres-
sion of CHOP among groups in Figure 6(e) is as follows:
TM (36:97 ± 3:63) vs. C (1:00 ± 0:07), P < 0:001; TM vs.
G10−7M + TM (16:10 ± 2:33), P < 0:001, and C vs. G10−7
M + TM, P < 0:001. In Figure 6(f), the relative expression
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Figure 2: Effects of different concentrations of ghrelin on the incidence of ERS-induced apoptosis induced by TM. (a)–(e) represent the flow
apoptotic patterns of the control, TM, G10-11M+TM, G10-9M+TM, and G10-7M+TM groups. (f) Histogram of the incidence of apoptosis
in each group. Ghrelin pretreatment for 4 hours, followed by TM treatment for 20 hours. Data represents the mean ± SD obtained from
three separate experiments. ∗ indicates comparison with the control group, ∗∗∗ indicates P < 0:001, # indicates comparison with the TM
group, ## indicates P < 0:01, and ### indicates P < 0:001.
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Figure 3: Continued.
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of IRE1α among groups is as follows: TM (9:71 ± 2:18) vs.
C (1:07 ± 0:43), P < 0:001; TM vs. G10−7M + TM
(6:28 ± 0:75), P = 0:007, and C vs. G10−7M + TM, P =
0:001. The expression of three endoplasmic reticulum
marker genes increased after TM treatment, and this phe-
nomenon could be improved by ghrelin pretreatment for 4
hours, although there was still a certain degree of endo-
plasmic reticulum stress compared with the control group.
In addition, BIP, CHOP, and IRE1α were all P > 0:05
between G10-7M vs. C, with no significant difference.

Taking the TM group as a control group, the relative
expression of BIP in Figure 6(g) is as follows: compared with
TM (1:00 ± 0:09), the difference P values of groups G10−7
M + TM (0:75 ± 0:04) and GSK621 + TM (2:32 ± 0:16) were
0.011 and <0.001, respectively. The relative expression of
CHOP in Figure 6(h) is as follows: compared with TM
(1:00 ± 0:08), the difference P values of groups G10−7M +
TM (0:75 ± 0:07) and GSK621 + TM (1:39 ± 0:09) were
0.002 and <0.001, respectively. The relative expression of
IRE1α in Figure 6(i) is as follows: compared with TM

(1:01 ± 0:15), the difference P values of groups G10−7M +
TM (0:72 ± 0:11) and GSK621 + TM (1:59 ± 0:11) were
0.029 and 0.001, respectively. On the one hand, ghrelin alle-
viated the ERS induced by TM to a certain extent, while
GSK621 promoted further expression of ERS-related marker
genes induced by TM. In addition, the GSK621 + G10−7M
+ TM group had a significant decrease in the relative
expression of three ERS-related genes compared with the
GSK621 + TM group (P < 0:001).

3.5. Relative Expression of BIP, p-AMPK, and Cleaved-
Caspase3 in Each Group Detected by Western Blotting.
Figure 7(a) shows that the relative expression levels of BIP
(1:03 ± 0:09 vs. 0:45 ± 0:07, P = 0:007), p-AMPK
(0:96 ± 0:08 vs. 0:53 ± 0:07, P = 0:015), and cleaved-caspase3
(0:85 ± 0:03 vs. 0:20 ± 0:07, P = 0:001) in the TM group were
significantly higher than those in the control group.

In Figure 7(b), except for the results similar to those in
Figure 7(a), the expression of both proteins in the G10−7
M + TM group pretreated by ghrelin is significantly lower

0

40

80

120

160

200

100 101 102 103

M1

104

C
ou

nt
s

FL1-H

All
M1

100.00 76.37
12.00 180.73

Marker % Gated Mean

G10−7M+TM

(e)

⁎⁎⁎

##
###

###

120

90

60

30

0

C

TM

G
10

−
11

M
+

TM

G
10

−
9 M

+
TM

G
10

−
7 M

+
TM

M
ea

n 
flu

or
es

ce
nc

e i
nt

en
sit

y

(f)

Figure 3: Effects of different concentrations of ghrelin on ROS production induced by TM. Determination of the fluorescence intensity of
intracellular ROS induced by TM which was pretreated with different concentrations of ghrelin by a DCFH-DA fluorescence probe (flow
cytometry). (a)–(e) represent the reactive oxygen flow diagram of the control, TM, G10−11M + TM, G10−9M + TM, and G10−7M + TM
groups. (f) Histogram of the average fluorescence intensity of ROS in each group. Ghrelin pretreatment for 4 hours, followed by TM
(1.5 μg/mL) treatment for 20 hours. Data represents the mean ± SD obtained from three separate experiments. ∗ indicates comparison
with the control group, ∗∗∗ indicates P < 0:001, # indicates comparison with the TM group, ## indicates P < 0:01, ### indicates P < 0:001.
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than that in the TM group, including BIP: TM
(0:87 ± 0:05) vs. G10−7M + TM (0:33 ± 0:09), P = 0:003,
p-AMPK: TM (0:80 ± 0:04) vs. G10−7M + TM (0:29 ± 0:08),
P = 0:003, and cleaved-caspase3: TM (1:12 ± 0:20) vs. G10−7
M + TM (0:41 ± 0:05), P = 0:008. C vs. G10-7M showed no
significant differences in the expression of the three types
of proteins.

In Figure 7(c), compared with the TM (0:48 ± 0:07)
group, BIP expression in the G10−7M + TM (0:15 ± 0:08)
group decreased, P = 0:046; the expression of p-AMPK
(P = 0:024) and cleaved-caspase3 (P = 0:001) showed a sim-
ilar trend. After pretreatment with GSK621, an agonist of
AMPK, for 3 hours, the relative expression of BIP, p-AMPK,
and cleaved-caspase3 increased, with P values less than 0.05.
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Figure 4: Incidence of apoptosis related to endoplasmic reticulum stress in different groups associated with TM. (a)–(d) represent the flow
apoptotic patterns of the TM, G10−7M + TM, GSK621 + TM, and GSK621 + G10−7M + TM groups, respectively. (e) Histogram of the
incidence of apoptosis in each group. GSK621 (10 μmol/L) pretreated for 3 h, and then ghrelin (10-7mol/L) was pretreated for 4 h,
followed by TM (1.5 μg/mL) treatment for 20 hours. Data represents the mean ± SD obtained from three separate experiments. ∗ indicates
comparison with the TM group, ∗∗∗ indicates P < 0:001, # indicates comparison with the GSK621 + TM group, and ### indicates P < 0:001.
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Figure 5: Continued.
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In addition, comparing the relative expression of BIP with
GSK621 + TM group (Figure 7(c1)), GSK621 + TM
(0:80 ± 0:06) vs. GSK621 + G10−7M + TM (0:28 ± 0:08), P
= 0:004. Meanwhile, comparing the relative expression of p-
AMPK (Figure 7(c2)), GSK621 + TM (1:32 ± 0:12) vs. GSK
621 + G10−7M + TM (0:60 ± 0:08), P = 0:001, and comparing
the relative expression of cleaved-caspase3 (Figure 7(c3)),
GSK621 + TM (1:31 ± 0:06) vs. GSK621 + G10−7M + TM
(0:36 ± 0:06), P < 0:0001.

4. Discussion

In bone physiology, there is a dynamic balance between
bone formation and bone absorption. Osteoporosis is a
manifestation of the balance breaking, which is character-
ized by a change in bone microstructure and an increase in
bone fragility [13], and the mechanism of which has received
more attention in recent years. A large number of studies
have proven that there is a close relationship between osteo-
porosis and endoplasmic reticulum stress [14, 15]. ERS apo-
ptosis of osteoblasts disrupts the homeostasis between
osteoblasts and osteoclasts, and the massive loss of osteo-
blasts leads to a decline in bone density.

Endoplasmic reticulum stress, as mentioned above, can
be roughly understood as the self-protective state of the
body caused by the accumulation of unfolded or misfolded
proteins under the action of internal and external factors,
also known as the “unfolded protein response (UPR),”
which can also induce autophagy and apoptosis of cells
beyond a certain range [16]. Generally, ERS has three clas-

sical signaling pathways, namely, IRE1α (inositol-requiring
enzyme 1α), PERK (protein kinase RNA-like ER kinase),
and ATF6 (activating transcription factor 6) [17].
BIP/GRP78, as a chaperone protein, normally combines
with three factors to make it inactive, while CHOP is an
apoptosis-related protein that can be activated by these
three classical pathways to induce apoptosis [18].
Moreover, elevated expression of cleaved-caspase3 is an
important indicator of apoptosis [19]. In addition, the pro-
duction of ROS is often accompanied by the occurrence of
stress, and it has also been reported that ROS are often the
key factor in inducing the accumulation of unfolded pro-
teins [20]. Studies have indicated that elevated levels of
cellular H2O2 and O2

- in the endoplasmic reticulum
induce cell apoptosis through lipid peroxidation and mito-
chondrial dysfunction and change calcium homeostasis
[21]. Therefore, in this experiment, the relevant indices
were selected as markers of ERS.

In this experiment, we first observed the incidence of
apoptosis and the production of ROS in the ERS model
pretreated with different concentrations of ghrelin on the
premise of excluding the toxicity and side effects of ghrelin
itself. Previous studies have shown that there is no signifi-
cant difference between the ghrelin alone treatment group
and the control group [22, 23]. Considering the physiologi-
cal environment in the human body, the secretion of ghrelin
was inhibited after eating behavior, and this effect was
relieved to a great extent at 4 hours; thus, ghrelin treatment
time of four hours was chosen [24]. In our results, it was
obvious that ghrelin played a positive role in reducing the
incidence of apoptosis and ROS production in osteoblasts,
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Figure 5: Determination of the intracellular ROS content in different groups related to TM by DCFH-DA. (a)–(d) represent the reactive
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and the occurrence of apoptosis and the production of ROS
decreased with increasing of concentration, which clarified
the protective role of ghrelin in ERS. This is consistent with
previous studies [25, 26].

Second, ghrelin significantly reduced the expression of
ERS-related genes induced by TM and had a protective effect
on cells. In addition, there was no significant difference in
the three genes between the control group and the ghrelin
treated group, which indicated that ghrelin itself had no
significant effect on the production of ERS, excluding the
possible drug effect of ghrelin itself, but the combination of
ghrelin and TM cotreatment group compared with the con-
trol group showed that ghrelin could alleviate the ERS
caused by TM on MC3T3E1 cells to a certain extent, but
may not completely. Nevertheless, a large number of studies
have shown that ERS has a protective effect on cells to a
certain extent [27], but this limit is not yet known.

The activation of AMPK may partly depend on the
increase in intracellular calcium [28]. When ERS is exces-
sive, CHOP also promotes the release of Ca2+ through the
IP3R (inositol 1, 4, 5, 5-triphosphate receptor) channel.
The increase in Ca2+ in the cytoplasm activates CaMKII
(calcium/calmodulin-dependent protein kinase II), which
promotes apoptosis as an upstream molecule of AMPK
[29]. Another key piece of evidence is that endoplasmic
reticulum stress induced by 2-deoxyglucose deficiency leads
to autophagy by activating AMPK through CaMKKβ during
starvation [30]. Therefore, taking the TM group as a control,
we explained the possible key role of the AMPK pathway at
the molecular level. On the one hand, the significant differ-
ence between the ghrelin and TM cotreatment group and
the simple TM group was consistent with the previous

experiment; on the other hand, the degree of ERS of the
ghrelin-involved group was lower in the two groups pre-
treated with GSK621, with a decrease in the ROS content
and a decrease in the apoptosis rate. However, in the com-
parison between the ghrelin and TM cotreatment group
and the TM alone group, the alleviation effect of ghrelin
seemed to be moderated. Whether this can show that ghrelin
can play a more effective role when AMPK is activated still
requires further experimental verification.

In addition, at the protein level, we can more intuitively
see that TM can activate AMPK, and ghrelin can downregu-
late the phosphorylation level of AMPK and the level of p-
AMPK induced by AMPK agonists, which inversely proves
the possible relationship between the AMPK pathway and
ERS and the important role of ghrelin.

Certainly, we cannot deny previous research results. It
has been reported that the protective effect of ghrelin is
mediated by stimulating GHSR (growth hormone secreta-
gogue receptor) [31], but the specific downstream mecha-
nism has not been determined. Whether there is a
connection needs to be further verified, but the mitigation
effect of ghrelin on ERS is positive.

It is worth noting that acylation modification was con-
sidered to be an essential factor for the biological activity
of ghrelin in the past [32], but in recent years, it has been
found that unacylated ghrelin also has certain activity, which
may have opposite physiological functions [33] or coordi-
nate with acylated ghrelin to play a regulatory role. In rodent
experiments [34], it has been found that unacylated ghrelin
can improve vascular function and reduce plaque formation
by reducing vascular oxidative stress, but its related receptor
and pathway mechanism have not been clearly reported
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Figure 6: Expression of endoplasmic reticulum stress-related markers (BIP/GRP78, IRE1α, and CHOP) in different groups. (a)–(c)
Histograms of the relative mRNA expression levels of BIP/GRP78, CHOP, and IRE1α after TM (1.5μg/mL) treatment for 20 hours.
(d)–(f) Histograms of the relative mRNA expression levels of BIP/GRP78, CHOP, and IRE1α after 4 h of preconditioning with ghrelin
(10-7mol/L) and TM (1.5 μg/mL) treatment for 20 h. (g)–(i) Histograms of the relative mRNA expression levels of BIP/GRP78, CHOP,
and IRE1α after GSK621 (10 μmol/L) pretreatment for 3 h, ghrelin (10-7mol/L) pretreatment for 4 h, and TM (1.5 μg/mL) treatment for
20 h. Data represents the mean ± SD obtained from three separate experiments. In (a)–(f), ∗ indicates comparison with the control
group, # indicates comparison with the TM group, ∗∗ indicates P < 0:01, ∗∗∗ indicates P < 0:001; ## indicates P < 0:01, ### indicates P <
0:001. In (g)–(i), ∗ indicates comparison with the TM group, # indicates comparison with the GSK621 + TM group, ∗ means P < 0:05, ∗∗
indicates P < 0:01, ∗∗∗ indicates P < 0:001, and ### indicates P < 0:001.
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[35]. In addition, there are also “new substances” with differ-
ent activities or functions by changing the side groups of
ghrelin to play the corresponding biological functions, and
thus, unveiling their mystery may bring new surprises to
the endocrine regulatory system.

5. Conclusion

This research may provide new insight into the protective
effects of ghrelin on bone by maintaining endoplasmic retic-
ulum homeostasis and regulating of ERS. Ghrelin may alle-
viate endoplasmic reticulum stress apoptosis induced by
tunicamycin in MC3T3E1 cells at least in part by inhibiting
AMPK phosphorylation.
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