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ABSTRACT
Context • Lung cancer is one of the most common forms 
of cancer. Autophagy and apoptosis play an important role 
in the development of lung cancer. Researchers have 
found upregulation of GRP78 expression in cancer cells of 
various types.
Objective • The study intended to explore the mechanism 
of G protein-coupled receptor 78
(GPR78) in regulating autophagy and drug resistance in 
non-small cell lung cancer (NSCLC). 
Design • The research team performed a laboratory study.
Setting • The study took place in the Department of 
Thoracic Surgery at Hainan General Hospital of the 
Hainan Affiliated Hospital of Hainan Medical University 
in Haikou, Hainan, China.
Intervention • The research team cultured immortalized, 
normal, human bronchial epithelial cells C3 (HBEC3) 
lines and HBEC4 lines in a serum medium without 
keratinocytes and infected the expression of GPR78 in 
knockdown A549 cells using lentiviral agents. The team 
divided the cells into a control group and a shRNA-GPR78 
group, the intervention group. The lentiviral silencing 
vector expressing shRNA targets human GPR78#1 and 
GPR78 #2aadam10. 
Outcome Measures • The research team analyzed the 
mRNA expression of GPR78 in the NSCLC cell lines 
H1975, H1299, and A549 and in HBEC3 and HBEC4 using 
a real time-polymerase chain reaction (RT-PCR) and 
measured the proliferation of A549 cells at 0h, 24h, 48h, 
72h, and 96h using yellow tetrazolium salt 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT). The team also analyzed the migration and 
invasion ability of cells using wound healing and Transwell 
tests as well as measured the protein expression of the 
autophagy-related factors Beclin-1, microtubule-associated  

protein light chain 3-I/II (LC3-I/LC3-II), ubiquitin-binding 
protein p62 and c-Jun N-terminal kinase (JNK) using a 
Western blot test. The team also analyzed the protein 
expressions of caspase-9, caspase-3, and caspase-12 related 
to apoptosis using a Western blot. To detect the cell viability 
induced by cisplatin, the team used a Cell Counting Kit 8 
(CCK-8) at the concentrations of 1μM, 3μM and 10μM. 
Results • The mRNA expression of GPR78 in the H1975, 
H1299, and A549 cell lines was significantly higher than 
that in the HBEC3 and HBEC4 cell lines (P < .05). At 48h, 
72h, and 96h, the A549 cell proliferation in the shRNA-
GPR78 group was significantly lower than that of the 
control group (P < .05). The cell migration and invasion of 
cells in the shRNA-GPR78 group was significantly lower 
than that in the control group (P < .05), and the cell 
viability of the shRNA-GPR78 group was significantly 
lower than that of control group (P < .05). The expression 
of Beclin-1 and JNK protein in shRNA-GPR78 group was 
significantly higher than that in the control group  
(P < .05), and the expression of LC3-I/LC3-II and p62 protein 
in shRNA-GPR78 group was significantly lower than that in 
the control group (P < .05). The protein expressions of 
caspase-9, caspase-3, and caspase-12 in the shRNA-GPR78 
group were significantly higher than those of the control 
group (P < .05), and the protein activities of RhoA and Rac1 
in the shRNA-GPR78 group were significantly lower than 
those in the control group (P < .05). 
Conclusion • NSCLC upregulated GPR78. The knockdown 
of GPR78 can attenuate the proliferation, migration, and 
invasion of NSCLC cells and increase the apoptosis and 
autophagy of NSCLC cells that cisplatin has induced. 
Therefore, targeting GPR78 may be a promising treatment 
strategy for NSCLC patients. (Altern Ther Health Med. 
2023;29(1):130-136).
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GRP78 can promote the proliferation, survival, and 
metastasis of tumor cells by inhibiting the apoptosis induced 
by endoplasmic reticulum stress.18 

However, researchers haven’t yet clarified the role and 
molecular mechanism of GPR78 in the occurrence and 
development of NSCLC. 

Autophagy-related Factors 
Beclin-1 is a necessary factor that is closely involved in 

the autophagy of mammalian cells. Activated autophagy 
usually accompanies the upregulation of Beclin-1. In 
addition, researchers have focused more and more attention 
on the role of the ubiquitin-binding protein p62, because it’s 
a signal adapter of autophagy. 

Microtubule-associated protein light chain 3-I/II (LC3-I/
LC3-II) are two important autophagy-related proteins that 
change during autophagy. It is found that the autophagy of 
NSCLC cells transfected with shRNA-GPR78 can increase after 
cisplatin induction. This occurs because the silencing of GPR78 
can increase the production of Beclin-1, c-Jun N-terminal kinase 
(JNK), and LC3-II, and at the same time, weaken the 
accumulation of p62, which indicates that the knockdown of 
GPR78 can increase the autophagy of NSCLC cells.

Bai et al found that JNK is a serine/threonine kinase that 
belongs to the mitogen-activated, protein kinase family, 
which plays an important role in autophagy, especially in 
autophagic cell death. It is found that common upstream 
signals can trigger apoptosis and autophagy. In fact, various 
stimuli can activate JNK, thus inducing apoptosis and 
autophagy in human cancer.20 

Molecularly, activation of JNK can induce 
phosphorylation of Bcl-2, thus activating autophagy induced 
by Beclin1 and apoptosis mediated by caspase-3. In addition, 
the downstream target of JNK can upregulate the expression 
level of autophagy and apoptosis genes.  

Caspase is a cysteine-dependent and aspartate-directed 
protease family, which plays a vital role in the signal pathway 
of apoptosis. It is found that caspases-8 and caspase-9 are 
responsible for activating external and internal apoptosis 
pathways, respectively, while endoplasmic reticulum stress 
activates caspase-12 in the middle, and it participates in 
endoplasmic reticulum-induced apoptosis.

Current Study
The current study intended to explore the mechanism of 

GPR78 in regulating autophagy and drug resistance in NSCLC.

METHODS
Cell Cultures

The research team performed a laboratory study that 
took place in the Department of Thoracic Surgery at Hainan 
General Hospital of the Hainan Affiliated Hospital of Hainan 
Medical University in Haikou, Hainan, China.

The research team purchased the immortalized, normal, 
human bronchial epithelial cell lines HBEC3 and HBEC4 and 
the cancer cell lines A549, H1975, and H1299 from the 

Lung cancer is one of the most common forms of cancer. 
Histologically, it can be divided into non-small cell lung cancer 
(NSCLC) and small cell lung cancer,1 with about 85% of cases 
having been diagnosed as NSCLC. In the past few decades, 
despite many advances in early detection and treatment, patients’ 
five-year survival rate is still lower than 20%.2 Therefore, further 
study on the pathogenesis and molecular mechanism of NSCLC 
is very important for patients’ treatment and prognosis. 

Autophagy and Apoptosis
Autophagy and apoptosis play an important role in the 

development of lung cancer.3-5 Autophagy is an evolutionarily 
ancient and evolutionarily conserved catabolic process that 
engulfs cytoplasmic proteins, complexes, and organelles6,7 and 
transports them to promote a lysosome-degradation pathway.8 

Anticancer treatment of tumor cells, such as radiotherapy, 
chemotherapy, and targeted therapy, usually activate 
autophagy.9 This, in turn, mediates autophagic cell death, 
possibly through overactivation of self-digestion. This cell 
death is considered to be type II programmed cell death, an 
important drug-resistance mechanism that supports the 
survival of tumor cells.10 

The interaction between autophagy and apoptosis in 
NSCLC is complex. In fact, autophagy plays a double-edged role 
in carcinogenesis.11 On the one hand, different cancer proteins, 
such as protein kinase B (AKT), phosphoinositide 3-kinases 
(PI3K), and B-cell lymphoma 1n (Bcl-1n) and the mutant tumor 
protein p53, always inhibit autophagy, which may prevent 
excessive degradation of protein in hungry or stressed tumor 
cells. On the other hand, the continuous activation of autophagy 
can lead to autophagy-programmed cell death or apoptosis. 

Chemotherapy drugs usually induce apoptosis or 
programmed cell death, and the process plays a key role in 
the clinical treatment of human cancer, which many 
apoptosis-related genes and signal pathways regulate. 
Recently, researchers have suggested autophagy as a 
therapeutic target for cancer treatment. 

GPR78 
Interestingly, apoptosis and autophagy are closely 

related and may regulate each other positively and negatively. 
GPR78 is an orphan G protein-coupled receptor that is 
highly expressed in human placenta and brain tissue.12 It’s a 
molecular chaperone of the major endoplasmic reticulum, 
with calcium ion (Ca2+) binding ability. It also acts as a 
regulator of signals of endoplasmic reticulum stress.13 

Yeh et al and Dong et al found upregulation of GRP78 
expression in cancer cells of various types, including those 
of the urinary system, digestive system, breast, brain, and 
respiratory system and in osteosarcoma.14,15 Lin et al and 
Xiong et al found that human cancers, such as liver cancer 
and bladder cancer, can upregulate GPR78 and that a 
knockdown of GPR78 expression can reduce the proliferation 
and invasion of bladder-cancer cells.16,17 

The existence of GRP78 auto-antibodies in cancer 
patients’ serum usually relates to a poor prognosis, because 
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RT-PCR. The research team extracted the RNA using 
TRIzol (Thermo Fisher Scientific Science and Technology) 
and quantified it using spectrophotometry, a micro-nucleic-
acid protein concentration analyzer. According to the 
manufacturer’s protocols, the team used the Superscript III 
reverse transcriptase (Thermo Fisher Scientific) to perform 
reverse transcription of RNA. 

The team performed the RT-PCR using a MyiQ RT-PCR 
detection system. The team purchased the Taqman probes for 
detection of GPR78 (detection ID: Hs01574416_m1), GPR26 
(Hs00538034_m1), and actin (detection ID: HS. 
PT.56a.21538384) from Thermo Fisher Scientific Technology. 
The team normalized the threshold cycle number of each 
gene to the threshold cycle number of actin and converted 
the resulting value to a linear scale.

Western blot analysis. The research team extracted the 
total cellular proteins in cell lines using a 
radioimmunoprecipitation assay (RIPA) buffer (Beyotime, 
Shanghai, China) and a protease inhibitor at 4°C. The team 
then centrifuged them at 12 000 rpm for 20 minutes and 
collected the supernatant at 4°C. The team measured the 
concentrations of these protein samples using a bicinchoninic 
acid (BCA) protein assay kit (Beyotime, Shanghai, China); 
separated them, at 30 μg per lane, using sodium dodecyl-
sulfate polyacrylamide gel electrophoresis (SDS-PAGE); and 
transferred them to a nitrocellulose membrane (MilliporeSigma, 
Burlington, MA, USA). 

After sealing the protein samples with 5% skim milk, 
the research team incubated the membrane with the 
designated primary antibody from at 4 °C overnight. The 
next day the team incubated the membrane with the 
corresponding anti-mouse or anti-rabbit, immunoglobulin 
G (IgG) secondary antibody, coupled with horseradish 
peroxidase (HRP), at room temperature for one hour. The 
team used an Western Bright enhanced chemiluminescence 
(ECL) kit (Menlo Park, CA, USA) and the Chemidoc XRS+ 
imaging system (Bio-Rad, Hercules, CA, USA) to observe 
the protein bands.

MTT assay. The research team cultured the cells 
inoculated in 96-well plates for 0h, 24h, 48h, 72h, and 96h 
and then added 0.5 mg/ml of yellow tetrazolium salt 
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide (MTT). After incubating the cells at 37°C for  
4 hours, the team carefully absorbed the culture medium in 
the well to prevent the cells from forming the formazan 
crystals and dissolved the crystals with 100 μl of dimethyl 
sulfoxide (DMSO). The team used the Multiskan Spectrum 
spectrophotometer to measure the absorbance at 570 nm.

Cell migration and invasion test. The research team 
measured the Transwell migration using a 6.5-mm diameter, 
polycarbonate filter with an 8-micron pore size. The team 
inoculated the cells (4 × 104) in the top chamber that had 
been suspended in 100 μl of DMEM containing 0.5% FBS. 
The bottom chamber contained 500 μl of DMEM with 10% 
FBS. The team allowed the cells to migrate for 12 hours and 
removed the non-migrated cells with cotton swabs. 

American Type Culture Collection (ATCC). The team 
cultured the HBEC3 and HBEC4 cells in a keratinocyte 
serum medium (KSFM) from Gibco, at 37°C and 5% CO2, 
and infected the expression of the GPR78 in knockdown 
A549 cells using lentiviral agents.

 The team cultured the cancer cell lines  in Dulbecco’s 
Modified Eagle Medium (DMEM) without keratinocytes, 
supplemented with 10% fetal bovine serum, 100 units /ml of 
penicillin, 100 μg/ml of streptomycin, and 2 mM of  
L-glutamine at 37°C and 5% CO2.  

Procedures
The research team first evaluated the expression of 

GPR78 in NSCLC cell lines and normal cells and then 
examined the effects of the GPR78 knockdown on the 
growth, autophagy, and drug resistance of the NSCLC cells as 
well as potential molecular events. The team assumed that 
GPR78 played a role as an oncogene in NSCLC, and might be 
a target of future treatment for NSCLC patients.

Intervention. The study used the NSCLC cell line A549, 
and the research team divided the cells into a control group 
and an shRNA-GPR78 group, the intervention group. 
Researchers use short hairpin RNA (shRNA) to silence target 
gene expression via RNA interference (RNAi). The research 
team obtained the lentiviral silencing vector expressing shRNA 
that targets human GPR78#1 (TRC number: TRCN0000357332) 
and GPR78 #2aadam10 (TRC number: TRCN0000357333) 
from Sigma-Aldrich (St. Louis, Missouri, USA).

Plasmid construction and transfection. The research 
team amplified the full-length, DNA-coding sequence of 
human GPR78 (NM_080819) using the forward primer 
5’-GGATCCCATGGGCCCCGGCGAG-3’ and the reverse 
primer 5’-GTCGACGCCAGGCCCTCAGTGTG-3. The team 
cloned the product resulting from a real-time (RT) polymerase 
chain reaction (PCR) into Bacillus amyloliquefaciens 
(BamH1)/inositol polyphosphate 1-phosphatase (Sal1) site of 
the cloning vector  pCMV-Tag2A construct and verified it 
using DNA sequencing. 

The research team amplified the membrane-tethering 
protein P115-regulators of G protein signaling (RGS) or 
P115-RGS—amino acid residues 1-252—and the protein-
coupled receptor kinase 2 (GRK2)-RGS—amino acid residues 
54-175—using PCR and subcloned them to the BamH1/ 
Escherichi coli 1 (EcroR1) site of the pCMV-Tag2A construct. 

According to the manufacturer’s instructions, the team 
transfected the plasmids human GPR78#1 and GPR78 
#2aadam10 into cells using lipofectamine 2000 (Thermo 
Fisher Scientific Life Sciences, Grand Island, NE, USA). 

For lentiviral production, the team co-transfected the 
A549 NSCLC cells with  plasmids: porcine cytomegalovirus 
(pCMV)-vesicular stomatitis virus G (VSV-G), pCMV-dr8.2-
dvpr, and shRNA. After 24 hours, the team collected the 
supernatant and infected the cells with the lentiviral 
preparation. After 24 hours of infection, the team completed 
the cell selection by incubating them with puromycin for 
another 48 hours.
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cells from the control and shRNA-GPR78 groups for 24 
hours and collected the cell cultures for detection.

Outcome Measures
Expression of GPR78. The research team analyzed the 

mRNA expression of GPR78 in the NSCLC cell lines H1975, 
H1299, and A549 and in the normal human lung epithelial 
cell lines HBEC3 and HBEC4, using RT-PCR. 

A549 cell proliferation. The research team measured 
the proliferation of the A549 cells using an MTT assay at 0h, 
24h, 48h, 72h, and 96h. 

Migration and invasion of A549 cells. The research 
team analyzed the migration and invasion ability of cells 
using scratch and Transwell tests.

Drug sensitivity of A549 cells. The research team used 
CCK-8 to detect the cell viability induced by cisplatin at the 
concentrations 1μM, 3μM, and 10μM.

Arachidonic acid (AA)-induced autophagy. The research 
team analyzed the protein expression of the autophagy-related 
factors Beclin-1, LC3-I/LC3-II, p62, and JNK using a Western 
blot test. The test used human glyceraldehyde-3-phosphate 
dehydrogenase (GADPH) as the control. 

Apoptotic protein. The research team analyzed the 
protein expressions of caspase-9, caspase-3, and caspase-12 
related to apoptosis using a Western blot. The test used 
human glyceraldehyde-3-phosphate dehydrogenase 
(GADPH) as the control. 

RhoA and Rac1 activities in A549 cells. The research 
team analyzed the activity of RhoA and Rac1 protein in A549 
cells using a Western blot. The test used human glyceraldehyde-
3-phosphate dehydrogenase (GADPH) as the control. The 
Rho family GTP enzymes, including RhoA, Rac1, and 
Cdc42, are a small (~21kDa) signal G protein family. They 
are regulators of actin cytoskeleton rearrangement, thus 
regulating cell migration. For example, RhoA regulates the 
formation of stress fibers, while Rac1 regulates the actin silk 
net around cells to produce flaky pseudopodia and membrane 
folds. It is found that RhoA and Rac1 regulate the elongation 
of cell morphology and the migration of cancer cells.

Statistical Analysis
The research team used the SPSS software program, 

version 20.0 (IBM Corporation, Armonk, New York, USA) 
for analysis of data. The team expressed the results as means 
± standard deviations (SDs), which represented the average 
at least three independent tests. The team used the double-
sample t test to determine the statistical difference between 
two columns’ average values. P < .05 was considered to be 
statistically significant.

RESULTS
Expression of GPR78

The mRNA expression of GPR78 in the H1975, H1299, 
and A549 cell lines was significantly higher than that in the 
HBEC3 and HBEC4 cell lines (P < .05), which indicates that the 
mRNA level of GPR78 had increased in NSCLC (Figure 1).

The team fixed the migrating cells with cold 4% 
paraformaldehyde, stained them with 1% crystal violet, and 
quantified the migrated cells using an inverted microscope at 
10× magnification (Olympus, Tokyo, Japan) by manual counting. 

For cell-invasion detection, the team measured the gap of 
the wound using a micrograph at a certain time. The team 
inoculated  the cells in the upper compartment of a matrix, glue-
coated, polycarbonate membrane filter containing a modified 
Boyden chamber and the cells in the lower compartment with 
complete medium and then allowed them to migrate for 24 
hours. The team wiped clean the upper surface of the cell 
membrane, fixed the lower surface with 4% paraformaldehyde, 
and dyed it with 0.1% crystal violet staining solution.

Cell viability test. The research team used a CCK-8 to 
measure cell viability, according to the manufacturer’s 
instructions. Before starting the treatment, the team 
inoculated the cells in a 96-well plate at a density of 5 × 103 
cells/well for 24 hours and them incubated the cells with 
cisplatin at 1 μM, 3 μM, and 10 μM, at 37 °C for 48 hours. The 
team treated the mixture with the CCK-8 reagent, incubated 
it at 37 °C for approximately 0.5-3 hours, and determined cell 
viability by measuring absorbance at 450 nm in a microplate 
reader. The team used the Prism 7.0 software to calculate the 
value of the median inhibitory concentration (IC50). The 
team repeated each experiment three times.

Intervention
To study the cisplatin-induced drug resistance and 

autophagy of A549, the team incubated 3μM of cisplatin with 

Figure 1. The mRNA Expression Level of GPR 78 in the 
H1975, H1299, and A549 cancer cell lines and in the 
immortalized, normal, human bronchial epithelial cell lines 
HBEC3, and HBEC4 

Note: P < .05 indicates that the mRNA expression of GPR78 
in the H1975, H1299, and A549 cell lines was significantly 
higher than that in the HBEC3 and HBEC4 cell lines.

 
Abbreviations: GPR, G protein-coupled receptor 78.
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RhoA and Rac1 activities in A549 cells
The activity of RhoA and Rac1 protein in the shRNA-

GPR78 group was significantly lower than that of the control 
group (P < .05), indicating that the GPR78 regulated the 
expression of RhoA and Rac1 in A549 cells (Figure 5 and 
Table 5).

A549 Cell Proliferation
At 0h and 24h, no differences existed between the two 

groups (P > .05). At 48h, 72h, and 96h, the proliferation of 
A549 cells in the shRNA-GPR78 group was significantly lower 
than that of the control group (P < .05). This showed that 
GPR78 can promote the proliferation of A549 cells (Figure 2).

Migration and Invasion of A549 Cells
The migration and invasion of cells in the shRNA-

GPR78 group was significantly lower than those of the 
control group (P < .05), and the decrease in GPR78 expression 
inhibited the migration and invasion ability of the NSCLC 
cells (Figure 3 and Table 1).

Drug Sensitivity of A549 Cells
The cell viability of shRNA-GPR78 group was 

significantly lower than that of the control group (P < .05). 
The data showed that inhibiting the expression of GPR78 
could improve the drug sensitivity of NSCLC cells to 
chemotherapeutic drugs (Table 2).

AA-induced Autophagy
Figure 4 and Table 3 show that the protein expression of 

Beclin-1 and JNK in shRNA-GPR78 group was significantly 
higher than that of the control group (P < .05), while that of 
the LC3-I/LC3-II and p62 in the shRNA-GPR78 group was 
significantly lower than that of the control group (P < .05).

Apoptotic Protein
The protein expressions of caspase-9, caspase-3, and 

caspase-12 in the shRNA-GPR78 group were significantly 
higher than those of the control group (P < .05), and knocking 
down the expression of GPR78 increased the apoptosis of 
NSCLC cells induced by cisplatin. (Figure 5, Table 4)

Figure 2. Cell Proliferation Curve

*P < .05 indicates that the proliferation of A549 cells at 48h, 
72h, and 96h in the shRNA-GPR78 group was significantly 
lower than that of the control group

Abbreviations: GPR, G protein-coupled receptor 78.

Figure 3. Scratch and Transwell Test

Abbreviations: GPR, G protein-coupled receptor 78

Table 1. Detection of Cell Migration and Invasion (n = 12)

Groups Cell Migration Cell Invasion
Control group 174.36 ± 32.58 111.57 ± 25.40
shRNA-GPR78 group 72.63 ± 14.27 52.81 ± 10.39
t value 9.908 7.417

 value <.001a .008a

aP < .05, indicating that the migration and invasion of cells in 
the shRNA-GPR78 group was significantly lower than those 
of the control group.

Abbreviations: GPR, G protein-coupled receptor 78.

Table 2. Cell Viability Tests (n =12)

Groups 1μM 3μM 10μM
Control group 83.26 ± 7.42 65.68 ± 10.24 52.18 ± 6.41
shRNA-GPR78 group 65.73 ± 9.33 47.32 ± 6.22 27.33 ± 4.19
t value 5.094 5.308 11.241
P value <.001a <.001a <.001a

aP < .05, indicating that the cell viability in the shRNA-GPR78 
group was significantly lower than that of the control group.

Abbreviations: GPR, G protein-coupled receptor 78.
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Table 5. Expression Level of Rhoa and Rac1 Proteins (n = 12)

Groups RhoA Rac1
Control group 1.95 ± 0.27 1.89 ± 0.15
shRNA-GPR78 group 1.06 ± 0.06 1.03 ± 0.02
t value 11.147 19.687
P value <.001a <.001a

aP < .05, indicating that the protein expressions of RhoA and 
Rac1 in the shRNA-GPR78 group was significantly lower than 
that of the control group.

Abbreviations: GPR, G protein-coupled receptor 78; Rac1, 
Ras-related C3 botulinum toxin substrate 1; RhoA, Ras 
homolog family member A.

Table 3. The Expression Levels of Beclin-1, LC3-I/LC3-II, 
p62, and JNK (n =12) 

Groups Beclin-1 LC3-I/LC3-II p62 JNK
Control group 1.06 ± 0.08 1.95 ± 0.15 1.93 ± 0.12 1.05 ± 0.19
shRNA-GPR78 group 1.92 ± 0.14 1.03 ± 0.02 1.05 ± 0.16 1.92 ± 0.14
t value -18.476 21.060 15.242 -12.770
P value <.001a <.001a <.001a <.001a

aP < .05, indicating that the protein expression of the Beclin-1 
and JNK was significantly higher and that of the LC3-I/LC3-
II and p62 was significantly lower in the shRNA-GPR78 
group than the protein expression in the control group.

Abbreviations: GPR, G protein-coupled receptor 78; JNK, 
c-Jun N-terminal kinase; LC3-I/LC3-II, microtubule-
associated protein light chain 3-I and -II; p62, ubiquitin-
binding protein.

Figure 4. The Expression Levels of Beclin-1, LC3-I/LC3-II, 
p62, and JNK

Abbreviations: GADPH, glyceraldehyde-3-phosphate 
dehydrogenase (human); GPR, G protein-coupled receptor 
78; JNK, c-Jun N-terminal kinase; LC3-I/LC3-II, 
microtubule-associated protein light chain 3-I and -II; p62, 
ubiquitin-binding protein.

Figure 5. The Expression Levels of Caspase-9, Caspase-3, 
and Caspase-12

Abbreviations: GADPH, glyceraldehyde-3-phosphate 
dehydrogenase (human); GPR, G protein-coupled receptor 78

Figure 6. Western Blot Analysis of Rhoa and Rac1

Abbreviations: GADPH, glyceraldehyde-3-phosphate 
dehydrogenase (human); GPR, G protein-coupled receptor 
78; Rac1, Ras-related C3 botulinum toxin substrate 1; RhoA, 
Ras homolog family member A

Table 4. The Expression Levels of Caspase-9, Caspase-3, 
and Caspase-12 (n = 12)

Groups Caspase-9 Caspase-3 Caspase-12
Control group 1.04 ± 0.13 1.03 ± 0.17 1.06 ± 0.20
shRNA-GPR78 group 1.95 ± 0.16 2.01 ± 0.19 1.95 ± 0.25
t value -15.291 -13.316 -9.630
P value <.001a <.001a <.001a

aP < .05, indicating that the protein expressions of caspase-9, 
caspase-3, and caspase-12 in the shRNA-GPR78 group was 
significantly higher than that of the control group.

Abbreviations: GPR, G protein-coupled receptor 78.
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DISCUSSION
The current study found that knocking down the 

expression of GRP78 could increase the drug sensitivity of 
NSCLC cells to cisplatin, which is consistent with previous 
reports. The current study also found that the various human 
lung cancer cell lines expressed GPR78, but the normal 
bronchial epithelial cells didn’t. The research team was able to 
knock down the expression of GPR78 in the NSCLC cell line 
A549, enabling them to study the cellular function of GPR78. 
Interestingly, knockdown of GPR78 inhibited cell 
proliferation, migration and invasion, and increased the drug 
sensitivity of cisplatin. 

The current study examined the molecular mechanism 
of GPR78 in regulating cell migration and invasion and 
found that the knockdown of GPR78 inhibited the activities 
of RhoA and Rac1. This shows that RhoA and Rac1 are 
responsible for cell migration regulated by GPR78. In 
addition, the study found that knocking down GPR78 can 
induce inactivation of RhoA and Rac1 proteins, which may 
reduce the migration and invasion ability of NSCLC cells.

The current study also found that downregulation of 
GPR78 can promote the activation of caspase-9, caspase-3, 
and caspase-12 to promote cisplatin-induced, NSCLC cell 
apoptosis. That knockdown of GPR78 expression could make 
cisplatin-resistant NSCLC cells sensitive to cisplatin-induced 
cell death by regulating the nonclassical cell-death pathway. 
In the process of autophagy-induced cell death, autophagy 
may cooperate with the apoptosis signal and induce cell 
death. The current study showed that GPR78 can inhibit 
cisplatin-induced autophagy of NSCLC cells, which can 
contribute to the proliferation, migration, and invasion of 
NSCLC cells mediated by GPR78.

The current study lacks a complete interpretation of the 
upstream and downstream targets of the GPR78 signal 
pathway.

CONCLUSIONS
The current study showed that NSCLC upregulated 

GPR78. In addition, knocking down GPR78 can weaken the 
proliferation, migration, and invasion of NSCLC cells, and at 
the same time, increase cisplatin-induced apoptosis and 
autophagy of NSCLC cells. Therefore, targeting GPR78 may 
be a promising treatment strategy for NSCLC patients. The 
current research team will continue to improve the protocols 
in subsequent studies.
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