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ABSTRACT

Objective: To determine the function of the YAP-JNK-mitophagy signalling pathway in gastric cancer (GC).

Study Design: An observational study.

Place and Duration of Study: Seventh People's Hospital of Shanghai University of TCM (Traditional Chinese Medicine), between
June 2019 and June 2021.

Methodology: Tissues from 30 cases of gastric cancer and corresponding adjacent tissues were collected. RT-gPCR was employed
to detect the expression of YAP and JNK in GC samples. MTT, Wound healing and Transwell assays were used to detect changes in
GC cell proliferation, migration, and invasion under different stimulation. LC3 immunofluorescence and mitochondrial membrane
potential detection were used to analyse the occurrence of mitochondrial autophagy.

Results: The expression of YAP and JNK were significantly increased in GC tissues (p=0.024, 0.033). YAP knockdown inhibited GC
cell proliferation, migration, and invasion. Further studies showed that YAP affects GC cell function by targeting JNK. In addition,
YAP-JNK signalling was found to regulate GC cell proliferation, migration, and invasion mainly through regulating the occurrence of

mitophagy.

Conclusion: These findings revealed that YAP-JNK promotes the development of GC by targeting mitophagy.
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INTRODUCTION

Gastric cancer (GC) is the top five among all cancers, seriously
threatening human health.! GCis also a major cause of death in
the Chinese people.” Since the symptoms of early GC are mild
and difficult to detect, it is often diagnosed in the advanced
stage.’ Currently, there are more and more treatments for GC.
However, GC is still a major disease affecting human health.*
Therefore, the identification of molecular targets is very impor-
tantforthediagnosisandtreatmentof GC.

Autophagy is a conserved intracellular catabolic process that
maintains physiological balance by removing damaged
organelles.” Autophagy is usually activated in the absence of
nutrientsand hasbeenlinked todiseasesas diverse asneurode-
generative diseases, inflammation, and cancer.® Autophagy
can regulate the occurrence and metastasis of tumours, and
targetingautophagyisabasicstrategyincancertherapy.
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Recent studies have suggested that autophagy-related inhibi-
tors may enhance the therapeutic effect ofimmune checkpoint
inhibitors in GC.” However, the regulatory mechanism of
autophagy in GC remains unclear.

YAP, a critical component of the Hippo signalling pathway, is
important in proliferation, differentiation, and organ develop-
ment.® Dysregulation of the Hippo pathway and over-activation
of YAP can promote cell proliferation and resistance to apop-
tosis and is related to cancer.’ The high expression of YAP is
related with low survival in GC patients.”® B-catenin up-regu-
lates the expression of YAP in GC cells by binding to the
promoter region of YAP." |NK, one of the MAPK family proteins,
can regulate cell proliferation and apoptosis, insulin signalling,
cancerimmunity, and other cellular processes.” In cancercells,
the JNK pathway usually shows dysregulation of protein expres-
sion.” Although the function of YAP and JNK in GC is widely
explored, the downstream molecular mechanisms remain
unclear.

In this study, the aim was to analyse the expression of YAP and
JNK in GC tissue samples and their roles in proliferation, migra-
tion, andinvasion of GCcells.

METHODOLOGY

Atotal of 30 GC patients, treated in the Seventh People's Hospital
of Shanghai University of TCM from June 2019 to June 2021, were
selected astheresearch objects. Medical records of patients were
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exported through the information centre of the hospital. GC
tumours and normal tissues were collected from the Seventh
People's Hospital of Shanghai University of TCM (Traditional
Chinese Medicine) and stored at -80°C. Patients younger than 18
years of age or who were pregnant and who received antitumour
oranticoagulanttherapy beforesurgery wereexcluded. Allexperi-
mentswereapproved by the ethics committee ofthe university.

Total RNA was isolated from the nucleus and cytoplasm using
TRIzol Reagents according to the manufacturer's instructions.
cDNAs were synthesised by using reverse transcriptase. RT-gPCR
was performed using SYBR Green PCRin ABI 7500 instrument. The
relative expression level was determined by the 2*“ method
following standard protocols and GAPDH was used as the internal
control. GES-1 and AGS cells were obtained from the Chinese
Academy of Sciences (Shanghai, China). RPMI 1640 medium with
10% FBS and 1% antibiotics were used to cell culture at 37°C. Si-
YAP and si-control were obtained from Addgene Company. When
cell density reached about 80%, the cells were transfected with a
mixture of plasmid DNA and Lipofectamine 3000 reagent. Trans-
fected cells were collected and then inoculated into 96-well
plates. The cells were added with 15 uL MTT solution and incu-
bated for 1.5 hours. DMSO was added after the supernatant was
removed, mixed well at room temperature for 10 minutes, and
absorbance was tested at 490 nm. After transfection or stimula-
tion, plated GES-1 or AGS cells into 6-well plates. A linear wound
was created with a 200 uL micropipette tip. Twenty-four hours (h)
later, changes in cells were observed under a microscope. GES-1
or AGS cells were transferred to the upper chamber coated with
diluted Matrigel. Add 500 pL complete medium to the bottom
chamber. After 24 h of incubation, the cells were stained and
photographed for analysis. The GFP-LC3 plasmid was instanta-
neously transfected with Lipofectamine 3000 (Invitrogen, USA).
The cells were incubated with 30 nM LysoTracker red DND-99
(Invitrogen, USA) for 40 minutes and fixed with 4% PFA for 15
minutes. After 10 minutes, DAPI staining, cells were observed with
confocal microscopy. JC-1 kit (Beyotime, China) was used to
detect the membrane potential according to the manufacturer's
instructions. The cells were stained with JC-1 for 30 minutes and
thenanalysed by confocal microscopy.

The sample size was determined by pilot data. Prism 9.0 software
was used for the data analyses. Data were presented as mean =
standard deviation. The expression of YAP and JNK between GC
tissue and normal tissue was analysed by unpaired t-test. All
experiments were repeated at least three times. A value of p
<0.05indicated asignificantdifference.

RESULTS

The 30 patients with GC included 19 males (63.33%) and 11
females (36.67%). The average age was 45.18+6.74, (37-55)
years. The tumour node metastasis (TNM) classification included
18casesofstagelland 12 casesofstagelll.

To detect the expression of YAP and JNK in GC, GC tissues and
normal tissues were collected by surgery. The expression of YAP
and JNK was analysed by RT-qPCR, and the results indicated that
YAPand JNKwere up-expressed in GCtissues, suggesting that YAP
andJNKpromoted GC (Figure 1A).
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Figurel:YAPandJNKwerehighly expressedin GC.A: MRNAexpression of
YAPandJNKwereevaluatedin30GCpatients.
*p <0.05, vs. Normal.

To study the function of YAP, the AGS cell line with YAP knock-
down was constructed using si-YAP. The results indicated that si-
YAP inhibited the expression of YAP (Figure 2A). In addition, JNK
expression was also significantly decreased after YAP knock-
down (Figure 2A). Subsequent results showed that the prolifera-
tion, migration, andinvasionrate of GC cells werefasterthanthat
of GES-1. However, after YAP knockdown, the malignant pheno-
type of AGS cells were significantly decreased (Figures 2B-D). To
determine the function of JNKin GC cells, AGS cells were treated
with SP600125 (JNK inhibitor) and Anisomycin (JNK agonists).
The results showed that SP600125 treatment and YAP knock-
down both inhibited AGS cell migration and invasion. After JNK
agonist treatment, AGS cell migration and invasion were
enhancedeven after YAPknockdown (Figure 2E-F). These results
suggested that YAP affects the function of AGS cells by regulating
JNK.
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Figure 2: YAP targetedjNK to regulate the prohferatlon, m|grat|on, and
invasion of AGS cells. A: MRNA expression detection; B: Cell viability
detection; C and D: Detection of cell migration and invasion after
knocking down YAP; E and F: Detection of cell migration and invasion
afterSP600125and Anisomycintreatment.

Immunofluorescence staining was performed after transfection
with GFP-LC3. LC3 aggregation and lysosome increase were
observed in AGS cells, which returned to normal after YAP knock-
down (Figure 3A). Similarly, mitochondrial membrane potential
decreased in AGS cells, while increased after YAP knockdown
(Figure 3B). To determine the function of YAP-JNK signalling in
autophagy, AGS cells were treated with the autophagy agonist
FCCP and the autophagy inhibitor 3-MA. The results showed that

150 Journal of the College of Physicians and Surgeons Pakistan 2023, Vol. 33(02):149-152



YAP-JNK-mitophagy regulation in gastric cancer

FCCP restored the occurrence of mitochondrial autophagy when
YAPwas knocked down, and the mitochondrialmembrane poten-
tial also decreased to a certain extent (Figures 3Cand D). These
data suggested that the YAP-JNK signal is an important factor in
regulating mitochondrialhomeostasis of AGS cells.

A GES-1 AGS si-YAP B GES-1 AGS si-YAP

AGS+3-MA AGS+FCCP si-YAP si-YAP+ 3-MA si-YAP+ FCCP

AGS+3-MA AGS+FCCP si-YAP si-YAP+ 3-MA si-YAP+ FCCP

Figure 3: YAP-JNK regulated mitophagy. A: LC3 aggregation and lyso-
somes were detected by immunofluorescence; B: Mitochondrial
membrane potential detection; C: LC3 aggregation and lysosomal
changes in different cells treated with 3-MA or FCCP were detected by
immunofluorescence; D: Changes of mitochondrial membrane potential
indifferentcellstreated with3-MAorFCCP.

The effect of the YAP-JNK-mitophagy signal on the migration and
invasion of AGS cells were confirmed. The results showed that
YAP knockdown resulted in decreased cell migration and inva-
sion, whereas afterautophagy was activated by FCCP, cell migra-
tionand invasion were remarkably enhanced (Figures 4Aand B).
These results suggest that YAP-JNK signalling affects the migra-
tionandinvasionof GCcellsbyregulatingmitochondrialhomeos-
tasis.
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F|gure 4: YAP- jNK regulated cell mlgratlon and invasion of AGS ceIIs by
affecting mitochondrialhomeostasis. Aand B: Detection of cell migration
andinvasionaftertreatmentwith3-MAand FCCP.

DISCUSSION

Hippo pathway is one of the mostimportant pathwaysin mammals.
As a key target of Hippo signalling pathway, YAP has been reported
to beinvolved in the progression of various cancers such as breast
cancer,* cholangiocarcinoma,” and liver cancer.'® YAP has also
beenreportedtobeinvolvedinregulating GC progressionand drug
resistance. Liu et al. reported that YAP promoted GC cell, survival,
migration, and invasion via the ERK/endoplasmic reticulum stress
pathway."” Runx2 specifically targets YAP to regulate GC tumouri-
genesisinvivoandinvitro." YAPis co-located with cancer stem cell
marker SALL4 in GC tissues, and overexpression of YAP can
promote the expression of stem cell markers in GC." The expres-
sion of YAP increased in Doxorubicin-resistant GC cells, and
affected drug resistance by regulating the expression of down-
stream NUPR1.”° Overexpression of YAP was also observed in 5-Fu-
resistant GC tissues, suggesting that YAP is related to drug resis-
tance.” In general, YAP is promising for the treatment of GC. The

results also show that YAP expression is elevated in GC tissues.
Knocking down YAP could inhibit the proliferation, migration, inva-
sion, and autophagy of AGS cells. Inaddition, the results confirm for
thefirsttimethatYAPtargets)NKtoregulatemitochondrialhomeos-
tasisandinfluenceautophagyinGCcells.

The function of JNK in GC is controversial, and it involves a wide
range of mechanisms. Overexpression of NKCC1 can activate
JNK/EMT signals and regulate the migration and invasion of GC
cells, while SP600125 eliminates the promoting effect of metas-
tasis.”” PSMA7 expression also affects the phosphorylation of MAPK
signals such as JNK and P38, thus promoting GC cell proliferation.”
However, a number of studies have argued against the function of
JNK. The production of ROS can activate JNK/P38 signal, thus
inducing GC cell apoptosis.* In addition, one study found that ROS
production can inhibit YAP expression and thereby activate JNK
signalling.” Therefore, the function of JNK in GC requires more
research. The study showed that JNK was also highly expressed in
GC tissues, and JNK agonists eliminated the effect of YAP knock-
down. Inaddition, YAP-JNK promotes GC cell migrationandinvasion
by regulating autophagy. Theseresults are consistent with existing
studies thatJNKinduces protective autophagy in GCto promote GC
cell survival.” However, existing studies have not explored the
regulation of YAP-JNK signal on autophagy, and this study fills this
gap. However, this study has not determined whether the regula-
tion of mitophagy by YAP-JNK directly affects tumour formation in
vivo.Thiswillalsobethefocusoftheauthors’ nextresearch.

CONCLUSION

Thisstudy revealedthe function of YAP-JNKsignallinginregulating
mitophagy to promote GC cell migration and invasion. These
findings contribute to a better understanding of YAP's regulatory
networkin GC.
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