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Abstract

Non-small cell lung cancer (NSCLC) accounts for approximately 85% of lung cancer.
Cisplatin is commonly used in the treatment of many malignant tumours including
NSCLC. The innate drug sensitivity greatly affects the clinical efficacy of cisplatin-
based chemotherapy. As a plasma membrane adhesion molecule, amphoterin-induced
gene and ORF-2 (AMIGO2) initially identified as a neurite outgrowth factor has been
recently found to play a crucial role in cancer occurrence and progression. However,
it is still unclear whether AMIGO?2 is involved in innate cisplatin sensitivity. In the pre-
sent study, we provided the in vitro and in vivo evidences indicating that the altera-
tion of AMIGO2 expression triggered changes of innate cisplatin sensitivity as well as
cisplatin-induced pyroptosis in NSCLC. Further results revealed that AMIGO2 might
inhibit cisplatin-induced activation of (caspase-8 and caspase-9)/caspase-3 via stimu-
lating PDK1/Akt (T308) signalling axis, resulting in suppression of GSDME cleavage
and the subsequent cell pyroptosis, thereby decreasing the sensitivity of NSCLC cells
to cisplatin treatment. The results provided a new insight that AMIGO2 regulated the
innate cisplatin sensitivity of NSCLC through GSDME-mediated pyroptosis.
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1 | INTRODUCTION

Lung cancer is the leading cause of cancer-related mortality worldwide,
accounting for nearly one fifth of cancer mortality.! Approximately 85%
of the newly diagnosed lung cancer cases belong to non-small cell lung
cancer (NSCLC), and response poorly to most of the therapeutic op-
tions.? The cytotoxic chemotherapy agents (e.g. cisplatin) are the first-line
drugs for NSCLC treatment.® Although cisplatin-based chemotherapy
improves the overall survival of NSCLC patients in clinic, many patients
are insensitive to the chemical agents and display poor therapeutic effi-
cacy.* Despite intense efforts to explore the regulation mechanisms for
the response of tumour cells to chemotherapy, effective targets remain
deficient for improving the innate cisplatin sensitivity in NSCLC.
Pyroptosis is a severer type of programmed cell death, which is me-
diated by gasdermin family members.””’ Cells undergoing pyroptosis
display distinct characteristics such as ruptured cell membrane with
large bubbles blowing from the membrane, increased propidium iodide
(PI) uptake and elevated lactic dehydrogenase (LDH) activity.® Recent
studies have found caspase-3 activated by chemotherapy agents can
cleave one member of gasdermin family, gasdermin E (GSDME), to
generate the N-terminal fragment (GSDME-NT), which perforates the
plasma membrane and results in pyroptosis.9 Moreover, it has been
proved that GSDME is associated with clinical cisplatin therapeutic
effects, with shorter survival time and higher mortality rate observed
in NSCLC patients with lower GSDME expression after treatment with
cisplatin.'® These results implied that GSDME-mediated pyroptosis may
play an essential role in the innate cisplatin sensitivity in NSCLC.
AMIGO?2 is a leucine-rich repeat (LRR)-containing cell adhesion mol-
ecule initially identified as a neurite outgrowth factor.***? Further inves-
tigations suggest that AMIGO?2 is implicated in neuronal survival and
regulation,® vascular development and angiogenesis,"*° as well as isch-
emia protection and immune regulation.'®'” Recently, AMIGO2 has been
found to play a potential etiologic role in carcinogenesis and tumour pro-
gression. SIRNA-mediated knockdown of AMIGO2 expression in gastric
cancer cells resulted in abrogated tumorigenicity.18 Forced expression of
AMIGO2 promoted tumour cell adhesion to liver endothelial cells and en-
hanced liver metastasis.}” AMIGO2 upregulated in melanomas served as
a target gene of bromine domain and extraterminal domain (BET) for mel-
anoma cell survival and metastasis.?° Although accumulating evidences
suggest that AMIGO2 is a potential target for cancer therapy, the roles and
the underlying mechanisms of AMIGO?2 in regulation of the chemosensi-
tivity have not been determined. In this study, we proved that AMIGO2
attenuated the response of NSCLC to cisplatin treatment and revealed in-
hibition of the caspase cascade and GSDME-mediated pyroptosis served

as a novel molecular mechanism for AMIGO2-triggered drug insensitivity.

2 | MATERIALS AND METHODS

2.1 | Celllines and cell culture

A549 cell line was purchased from National Collection of
Authenticated Cell Cultures, while H460 cell line was a kind gift from
Professor Liang Chen (MOE Key Laboratory of Tumor Molecular

Biology, Jinan University). Cells were cultured in RPMI-1640 medium
supplemented with 10% fetal bovine serum (FBS) and incubated at
37°Cin a humidified atmosphere of 5% CO,,.

2.2 | Reagents and antibodies

Cisplatin (DDP) was obtained from Yunnan Phytopharmaceutical Co.
Ltd. Specific inhibitors of Akt (MK-2206), PDK1 (BX795), caspase-3
(Ac-DEVD-CHO), caspase-8 (Z-IETD-FMK) and caspase-9 (Z-LEHD-
FMK) were purchased from Selleck Chemicals and dissolved in
DMSO (MP Biomedicals). The antibodies against cleaved caspase-3
(cat. no. 9664), cleaved caspase-8 (cat. no. 9496), cleaved caspase-9
(cat. no. 7237), Akt (cat. no. 9272), p-Akt (5473) (cat. no. 4060), p-
Akt (T308) (cat. no.4056), PDK1 (cat. no. 13037), p-PDK1 (cat. no.
3438), Ki67 (cat. no. 9027), CD34 (cat. no. 3569), GAPDH (cat. no.
2118), anti-mouse IgG antibody (cat. no. 7076) and anti-rabbit 1gG
antibody (cat. no. 7074) were products of Cell Signaling Technology.
Anti-DFNA5/GSDME (cat. no. ab215191) and anti-AMIGO2 (cat. no.
821607) antibodies were, respectively, obtained from Abcam and
ZENBIO.

2.3 | Generation of stable AMIGO2
knockdown and overexpression cell lines

The recombinant lentiviral plasmid harbouring AMIGO2 shRNA
(GCAAGGAAAGTACATTTGTTTCTCGAGAAACAAATGTAC
TTTCCTTGCTTTTTT) obtained from Hanyang biological com-
pany, and the recombinant plasmid pCDH510B/AMIGO2 contain-
ing full-length AMIGO2 coding sequence constructed previously
by our lab were cotransfected with packaging auxiliary vectors
(psPAX2 and pMD2. G) into 293T cells, respectively, to package
lentiviruses, which were applied to infect cells to obtain cell lines
stably knocking down or overexpressing AMIGO2 by puromycin
screening.

2.4 | Cellviability assay

Cell viability was measured using the 3-(4,5-Dimethyl-thiazol-2-yl)
-2,5-diphenyltetrazolium bromide (MTT) assay. Cells were seeded
in 96-well plates at 5x10°cells/well and cultured overnight. Cells
were treated with indicated concentrations of cisplatin for 48h, or
treated with the caspase inhibitor for 4h prior to administration of
cisplatin. 20puL of MTT (5mg/mL) was added to each well and the
plate was further incubated for 4h at 37°C. After removal of the
culture medium, DMSO (100 L) was added to each well to dissolve
the dark blue crystal. The amount of MTT formazan product was
analysed by microplate reader (Model 680; Bio-Rad) at a wavelength
of 570nm. The half maximal inhibitory concentration (IC,,) was cal-
culated according to the cell viability values with Prism 6.0 software
(GraphPad). Each individual experiment was repeated at least three
times.
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2.5 | Flow cytometric analysis

Cells were seeded in 6-well plates at 3x10° cells/well and cultured
overnight. Cells were treated with indicated concentrations of cis-
platin for 48h before subjection to analysis of the programmed
cell death using the Annexin V-FITC/PI kit (Life) according to the
manufacturer's instructions. Briefly, cells were double stained with
Annexin V-FITC and PI in 1xbinding buffer for 15min in dark at
room temperature, and subjected to flow cytometric analysis using
Attune NxT Acoustic Focusing Cytometer (Thermo Fisher Scientific).
Data were further analysed with Flowjo v10 software.

2.6 | Hoechst 33342/PI staining

Cells were seeded in 12-well plates and cultured overnight. After
treatment with indicated concentrations of cisplatin, cells were
stained with Hoechst 33342 (5ug/mL) and PI (2 ug/mL) for 10min
at room temperature, and subjected to observation using Zeiss Axio
Observer D1 fluorescence microscope with 20x objective lens (Carl
Zeiss Micro-Imaging GmbH). Five fields per well were randomly se-

lected for counting the stained cells by ImageJ software.

2.7 | LDH release assay

For assessment of LDH release, cells were seeded in 96-well plate
at 1x10% cells/well and cultured overnight. After treatment with
cisplatin for 24 h, cell culture supernatants were collected for detec-
tion of the LDH activity using LDH Cytotoxicity Assay Kit (Beyotime,
Shanghai, China) according to the manufacturer's instructions.
Briefly, Aliquots of supernatants were transferred into a blank 96-
well plate at 120puL/well, and 60 L of LDH detection solution was
added to each well. The plates were then incubated for 30min in
dark at room temperature with gentle shaking. The absorbance was
measured at 490nm on a spectrophotometric microplate reader.
The percentage of LDH release was calculated using the equation
(LDHsampIe - LDHb‘_ﬂckgmund)/(LDHmaximum -LDH x 100%,
where LDH LDHbackground and LDH are the OD ,,, meas-
ured for the drug treated, untreated and lysis solution-treated su-

background)

sample’ maximum

pernatants, respectively.

For determination of the LDH activity in tumour tissue using
Lactate dehydrogenase assay kit (Nanjing Jiancheng), tumour tissues
were cut into pieces and subjected to homogenization in 0.9% nor-
mal saline with tissue crusher. The supernatants were collected for

measurement of the LDH activity as described above immediately.

2.8 | siRNA transfection

For silencing of target genes with small interfering RNA, the siRNA
(5-GUACAAAAGAUCUCGCUGA-3’) duplexes targeting AMIGO2
and the siRNA (5-GGUCCUAUUUGAUGAUGAA-3’) duplexes

targeting GSDME were synthesized by GenePharma, and trans-
fected into cells using Lipofectamine®3000 transfection reagent
(Invitrogen) according to the manufacturer's protocols. After grown
in a serum-free medium for 6h, cells were cultured in RPMI-1640
medium containing 10% FBS. The knockdown efficiency was deter-
mined by real-time quantitative PCR and western blot analysis.

2.9 | Real-time quantitative PCR analysis

Total RNA was extracted using TRIzol™ according to the manufac-
turer's protocol. Total RNA (1 pg) was reverse transcribed into cDNA
using the PrimeScript™ RT reagent Kit (Takara), real-time quantitative
PCR was performed using TB Green® Premix Ex Tag™ (Takara). The
sequences of the PCR primers were as follow: AMIGO2: 5-CAGAA
CGGGAAAGTCAGGCT-3' (F), 5-GACGCCACAAAAGGTGTGTC-3’
(R); p-actin: 5-GTGAAGGTGACAGCAGTCGGTT-3’ (F), 5-GAAGT
GGGGTGGCTTTTAGGAT-3’ (R). The mRNA level of the detected
protein was expressed as the relative ratio to the p-actin mRNA
level. B-actin was used as an internal control. The relative changes in

gene expression were calculated using the 272% Cq method.

2.10 | Western blot analysis

Cells or tumour tissues were washed with cold PBS twice and subjected
to preparation of protein samples using RIPA lysis buffer (Beyotime). After
quantification with BCA protein assay kit (Thermo Fisher Scientific), protein
extracts were loaded in 12% SDS-PAGE gel and transferred onto polyvi-
nyl difluoride (PVDF) membranes (Millipore). The membrane was blocked
with 5% nonfat dry milk for 1h at room temperature, and incubated with
primary antibodies at 4°C overnight. After washing three times with TBST
(0.1% Tween-20), the membrane was incubated with anti-rabbit or anti-
mouse IgG antibodies for 1h at room temperature. The immunoblots on
the membrane was revealed by a BeyoECL Plus kit (Beyotime), and de-
veloped on an x-ray film. Densitometry analysis for western blotting was
performed using Quantity One version 4.6.2 software (Bio-Rad).

2.11 | Tumour xenograft models

Four-to-five-week-old BALB/c male nude mice were obtained from
GemPharmatech LLC, and maintained under sterile specific pathogen-
free conditions at the Laboratory Animal Center of Jinan University. A549/
shNC cells and A549/shAMIGO2 cells (3><106) mixed with Matrigel (BD
Biosciences) suspended in 100 L cold PBS were subcutaneously injected
to the right flank of the mice. Once the tumour volume reached an av-
erage of 100mm?, the mice were randomized into four groups (n=4 in
each group). Cisplatin was intraperitoneally injected at a dose of 3mg/
kg every 3days, whereas the control group received PBS. Body weight
and tumour volume of the mice were measured once every 3days.
Tumour volume was obtained using a sliding calliper and calculated as
length xwidth?x 0.52. Tumours were extracted from the sacrificed mice,
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weighted, imaged and subjected to western blotting and immunohisto-
chemical analysis. The animal experimental procedures complied with
the guidelines for animal care of Jinan University (Guangzhou, China), and

were approved by the Animal Ethics Committee of this institution.

2.12 | Immunohistochemical analysis

The tumours were diced, fixed in 4% paraformaldehyde, dehydrated
and embedded in paraffin. After deparaffinized, tissue sections were
incubated with anti-Kié7 and anti-CD34 monoclonal antibodies, fol-
lowed by secondary antibodies, and indicated by HRP-streptavidin.
Images were acquired using an Inverted Fluorescence Microscope
(Zeiss), and subjected to analysis of integrated optical density (IOD)
and Area by Image-Pro® Plus v 6.0.

2.13 | Statistical analysis

Statistical analysis was performed with GraphPad Prism software.
In all experiments, comparisons between two groups were based on
two-sided Student's t-test and one-way anova was used to test for
differences among more groups. P values less than 0.05 were con-
sidered statistically significant.

3 | RESULTS

3.1 | AMIGO2 reduced innate cisplatin sensitivity
in NSCLC cells

In order to explore whether AMIGO?2 is involved in the innate cisplatin
sensitivity of NSCLC cells, stable clones of AMIGO2 knockdown cells
A549/shAMIGO2, as well as AMIGO2 overexpressing cells H460/
AMIGO2 were constructed and characterized by RT-gPCR and immuno-
blotting (Figure S1). The influences of alteration of AMIGO2 expression
on innate cisplatin sensitivity were determined by the MTT method. The
results indicated that knockdown of AMIGO?2 increased the sensitivity
to cisplatin treatment, with lower IC,, value of A549/shAMIGO2 cells
than that of the corresponding A549/shNC cells infected with the control
lentivirus. Meanwhile, AMIGO2 siRNA targeting treatment on A549 cells
also led to enhanced sensitivity to the cisplatin (Table 1). In contrast, over-
expression of AMIGO?2 decreased the sensitivity evidenced by the higher
IC;, value detected in H460/AMIGO2 compared with H460/pCDH con-
trol cells (Table 1). The results confirmed that AMIGO2 was implicated in
the modulation of innate cisplatin sensitivity in NSCLC cells.

3.2 | AMIGO2 suppressed pyroptosis induced
by cisplatin

Pyroptosis is a type of lytic programmed cell death. Accumulating evi-
dences have suggested that the programmed cell death is associated

TABLE 1 AMIGO2 modulated innate cisplatin sensitivity in
NSCLC cells.

Cells IC;,/DDP (ng/mL)
A549/shNC 2.3815+0.0145
A549/shAMIGO2 1.6070+0.0530
A549/sINC 3.021+0.2610
A549/5IAMIGO2 2.220+0.2630
H460/pCDH 0.8111+0.1239

H460/AMIGO2 1.575+0.4650

with the sensitivity of tumour cells to chemotherapy. To further clarify
whether pyroptosis played a role in the molecular mechanisms underly-
ing AMIGO2 affecting the response of NSCLC cells to cisplatin treatment,
annexin V-FITC/PI dual staining combined with flow cytometry were at
first applied to detect the effects of AMIGO2 knockdown on cell death in
A549 cells. The results showed that cisplatin treatment induced lytic cell
death (annexin V*/PI*) in dose dependent manner (Figure 1A). Higher
levels of lytic cell death were observed in A549/siAMIGO?2 cells com-
pared with A549/siNC control cells (Figure 1B). The results suggested
that AMIGO2 suppressed the effects of cisplatin on lytic cell death.

To clarify the features of lytic cell death stained with the annexin V/
PI, fluorescence microscopy was further used to examine the morphol-
ogy of the cells stained with PI, which could penetrate into the lytic cells
with impaired membrane integrity. Further results demonstrated that
cells treated with cisplatin became round and shrunk with cell membrane
integrity being impaired as evidenced by Pl-positive staining (Figure 1C).
Interestingly, a typical characteristic of pyroptotic morphology, large bub-
bles emerging from the plasma membrane, was observed in Pl-positive
cells (Figure 1C, white arrow heads). Statistical analysis showed that cis-
platin increased the percentage of Pl-positive cells with pyroptotic cell
morphology in a dose-dependent manner in A549/siNC control cells,
while knockdown of AMIGO?2 strengthened the increased effects of cis-
platin on the percentage of Pl-positive cells, accompanying with more
AMIGO2-silenced cells displayed large bubbles compared to the nega-
tive control cells (Figure 1C,D). LDH release assay applied for detection of
the plasma membrane permeability change further indicated that A549/
SIAMIGO2 cells exposed to cisplatin released more LDH than A549/siNC
control cells (Figure 1E). Similar results were achieved using AMIGO2
knockdown stable cell line A549/shAMIGO2 (Figure S2). Consistent
with these observations, we also found that overexpression of AMIGO2
significantly reduced both the percentage of Pl-positive cells with pyro-
ptotic morphology and the LDH release rate in cisplatin-treated H460
cells (Figure 1F-H). The results implied that AMIGO2 had the potential of
alleviating the pyroptosis triggered by cisplatin.

3.3 | Effects of AMIGO2 on the cisplatin-activated
caspase cascade

It has been demonstrated that activation of the caspase cascade can
elicit pyroptosis via the proteolytic cleavage of the gasdemin protein
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FIGURE 1 AMIGO2 suppressed pyroptosis induced by cisplatin. (A) A549 cells transfected with AMIGO2 siRNA were treated with
graded concentrations of cisplatin (DDP) for 48 h, and subjected to flow cytometric analysis after dual staining with Annexin V-FITC and

PI. Numbers in the representative graph indicated the percentage of cells in each quadrant. Annexin V*/PI* displayed the lytic death cells.
(B) Quantitative analysis of the ratios of Annexin V*/PI* cells. (C) AMIGO2-silenced A549 cells treated with indicated concentrations of
cisplatin for 24 h were stained with 2pg/mL Pl (red) and 5 pg/mL Hoechst 33342 (blue) for 10 min in dark, and observed under an inverted
fluorescence microscopy (20x objective lens). White arrow heads indicate Pl-positive cells with large bubbles emerging from the plasma
membrane. (D) AMIGO2-silenced A549 cells with Pl-positive staining were calculated in five random fields prior to statistical analysis. (E)
The percentage of LDH release in the culture supernatants from AMIGO2-silenced A549 cells was measured after treatment with indicated
concentrations of cisplatin for 24 h. (F) H460/AMIGO2 cells were treated with cisplatin for 24 h, dual stained with PI (red) and Hoechst
33342 (blue) for 10min in dark, and then observed by fluorescence microscopy (20x objective lens). White arrow heads indicate Pl-positive
cells with large bubbles emerging from the plasma membrane. (G) H460/AMIGO2 cells with Pl-positive staining were calculated in five
random fields prior to statistical analysis. (H) The percentage of LDH release in the culture supernatants from H460/AMIGO2 cells was
detected after cisplatin treatment for 24 h. *p <0.05; **p<0.01; ***p <0.001; ns, not significant.

family members. To explore the underlying mechanisms by which
AMIGO?2 inhibited cisplatin-induced pyroptosis in NSCLC cells, we
analysed activations of the caspase cascade by western blotting. As
shown in Figure 2, cisplatin significantly activated both extrinsic and
intrinsic apoptotic initiators, caspase-8 and caspase-9, as well as the
downstream executioner caspase-3. In the cisplatin-treated cells, we
also found that GSDME, a member of the gasdemin protein fam-

ily recently recognized as a substrate of caspase-3, was cleaved to

generate the GSDME-NT fragment, which has been proved to be
an effector of cell pyroptosis. Importantly, upon cisplatin treatment,
AMIGO2 knockdown enhanced activations of the caspase cascade
as well as GSDME cleavage in A549 cells (Figure 2A), while enforced
expression of AMIGO2 attenuated the caspase and GSDME frag-
mentation in H460 cells (Figure 2B). The results suggested that
AMIGO2 might regulate cisplatin-induced pyroptosis through the
caspase cascade.
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FIGURE 2 Effects of AMIGO2 on the cisplatin-activated caspase cascade. (A) A549/shAMIGO2 and the corresponding control A549/
shNC cells were treated with 5pg/mL cisplatin for 24 h, and lysed by 1x SDS-PAGE loading buffer to obtain protein samples for western
blot analysis with the indicated antibodies. (B) H460/AMIGO2 and the corresponding control H460/pCDH cells were treated with 3 pg/mL
cisplatin for 24 h before preparation of the protein samples for western blot analysis with the indicated antibodies. GAPDH was used as a

loading control.

3.4 | AMIGO2 reduced innate cisplatin sensitivity
via suppression of GSDME-mediated pyroptosis

Previous studies have shown that patients with lower GSDME ex-
pression levels in tumour tissues have a shorter survival time and
higher mortality after cisplatin-based treatment, implying that the
expression levels of GSDME in tumour cells may affect the sensi-
tivity to cisplatin-based therapy.10 To further determine whether
GSDME was involved in mediating the effects of AMIGO2 on cis-
platin sensitivity, MTT assay was first applied to detect cell viabil-
ity in A549 cells simultaneously transfected with AMIGO2 siRNA
and GSDME siRNA. The results showed that knockdown of GSDME
attenuated the suppression effect of AMIGO2 silence on cell sur-
vival (Figure 3A). Further investigation indicated that knockdown
of GSDME alleviated the promotion effects triggered by AMIGO2
knockdown on cisplatin-induced pyroptosis as evidenced by less
GSDME cleavage, decrease of Pl-positive cells as well as reduced re-
lease of LDH were observed in siAMIGO2 and siGSDME-transfected
A549 cells compared with the control cells transfected with siNC
(Figure 3B-D). The results suggested that GSDME was involved in
AMIGO2? regulating the pyroptosis induced by cisplatin. AMIGO2
might impair the response of NSCLC cells to cisplatin through inhibi-
tion of GSDME-mediated pyroptosis.

3.5 | AMIGO2 inhibited GSDME-mediated
pyroptosis through (caspase-8 and caspase-9)/
caspase-3 cascade

It has recently been recognized that specific cleavage of GSDME
by active caspase-3 triggers pyroptosis. Combined with the above
results indicating that AMIGO2 suppressed the (caspase-8 and
caspase-9)/caspase-3 cascade in A549 cells exposed to cisplatin,

we speculated that AMIGO2 might inhibit GSDME-mediated py-
roptosis through suppressing the caspase cascade. As expected,
pretreatment of the cells with the specific inhibitors of caspase-8
(Z-IETD-FMK), caspase-9 (Z-LEHD-FMK) and caspase-3 (Av-DEVD-
CHO) individually attenuated the inhibitory effects of AMIGO2
silence on cell survival (Figure 4A). Western blotting also showed
that blockade of caspase-8, caspase-9 or caspase-3 resulted in
less GSDME-NT fragment generated in AMIGO2 knockdown cells
(Figure 4B). Consistent with this observation, pharmacological inhi-
bition of caspase activation decreased both the percentage of PI-
positive cells with pyroptotic appearance and the release of LDH in
A549/shAMIGO2 cells stimulated with cisplatin (Figure 4C,D). The
results implied that AMIGO2 suppressed GSDME-conferred pyrop-
tosis via a blockade of (caspase-8 and caspase-9)/caspase-3 cascade.

3.6 | AMIGO?2 inhibited pyroptosis through
activation of PDK1/Akt (T308) signalling pathway

The 3-phosphoinositide-dependent kinase 1 (PDK1)/protein kinase B
(Akt) signalling pathway plays critical roles in multiple biological pro-
cesses including cell survival and death. Recent report demonstrated
that AMIGO?2 is an essential regulator of the PDK1/Akt pathway in
endothelial cells (ECs) and modulates the angiogenic function. To de-
termine the relevance of PDK1/Akt signalling pathway in AMIGO2
regulating pyroptosis in NSCLC cells, we first examined the influence
of AMIGO?2 alteration on the activation of PDK1/Akt pathway. The re-
sults showed that either PDK1 or Akt phosphorylation (T308 and S473)
was decreased in AMIGO2 deficient cells, whereas overexpression of
AMIGO2 enhanced both PDK1 and Akt activation (Figure 5A). It has
been known that Akt is phosphorylated at T308 by PDK1 and at S473
by PDK2 family members. We found that the depletion of Akt (T308)
activation with BX795 (5uM), a specific inhibitor for PDK1, promoted
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the cleavage of both caspase and GSDME, whereas the blockade of Akt
(S473) activation with MK-2206 (1 uM) had no such effect in AMIGO2
overexpression cells (Figure 5B). Concurrent with the above effects on
the cleavage of caspase and GSDME, suppression of phosphorylation
at T308 rather than at S473 resulted in less cell survival and more LDH
release (Figure 5C,D). The results implied that AMIGO2 might inhibit
cisplatin-induced pyroptosis by activating PDK1/Akt (T308) signalling
pathway, and thus reduced the sensitivity of NSCLC cells to cisplatin.

3.7 | Knockdown of AMIGO?2 increased cisplatin
sensitivity in vivo

The in vitro study suggested that AMIGO2 possessed the potential of
reducing innate cisplatin sensitivity through modulation of GSDME-
conferred pyroptosis in NSCLC cells. In order to explore the effects
of AMIGO2 on chemosensitivity in vivo, A549 cells stably transfected
with AMIGO2-specific shRNA (shAMIGO2) or the control shRNA
(shNC) were first, respectively, injected into the nude mice to establish
the xenograft models. When tumours reached round 100 mm?, the cis-
platin or PBS (control group) was administrated by intraperitoneal injec-
tions once every 3days to both control shRNA and AMIGO2-silienced
A549 NSCLC tumour-bearing mice. Compared with control shRNA tu-
mours, AMIGO2-silienced tumours displayed reduced tumour volume
and tumour weight. Intriguingly, AMIGO2 depletion made the tumour

more sensitive to the cisplatin treatment as evidenced by a dramatic
reduction in both tumour volume and tumour weight in AMIGO2-
silenced tumours than in shNC tumours that received the same dose of
cisplatin (Figure 6A-C). Moreover, knockdown of AMIGO2 in tumours
caused little effect on the body weight of mice administrated with
either cisplatin or PBS (Figure 6D). The results implied that AMIGO2
might be important for tumour growth and responsiveness to cisplatin.

Further western blot analysis of the tumour samples showed
that AMIGO2 depletion enhanced the cleavage of GSDME, and
LDH levels in mice received the cisplatin treatment (Figure 6E,F). In
addition, immunohistochemical assay indicated that knockdown of
AMIGO?2 significantly suppressed tumour growth and angiogenesis
as demonstrated by less Ki6é7 and CD34-positive cells in AMIGO2-
silienced tumours compared to the shNC tumours (Figure 6G-I).
Similar results were also observed when cisplatin was administrated
(Figure 6G-I). Taken together, these findings suggested AMIGO2
depletion enhanced the cytotoxic efficacy of cisplatin through
GSDME-mediated pyroptosis in vivo, which were conformed to the
molecular mechanisms as revealed in vitro.

4 | DISCUSSION

Non-small cell lung cancer (NSCLC) is the most common type of
lung cancers with the highest morbidity and mortality worldwide.



CHEN ET AL. 2419
WI LEYJ—
FIGURE 4 AMIGO?2 inhibited GSDME- (A) + ®B)
mediated pyroptosis through (caspase-8 0= vE— Cloaved caso.
and caspase-9)/caspase-3 cascade. P - Tl " = -
A549/shAMIGO?2 cells pretreated with 5 801 —_— GSDME _
Av-DEVD-CHO (100 uM), Z-LEHD-FMK Z 604
(50puM) or Z-IETD-FMK (50 uM) for 4h 540
were exposed to 5pg/mL cisplatin for =
24h. (A) MTT method was performed to 8 20 4 GSDMENT - . . .-
assess cell viability. (B) Cells were lysed to 5 GAPDH e <D Gue W Sy
obtain protein samples for western blot ShNC  + _ _ _ _ shNC  + - - - -
analysis with the indicated antibodies. (C) shAMIGO2 - + + + + shAMIGO2 - * * * *
Cells were stained with Pl and Hoechst DEVD - - + - = DEVD: = . * . )
33342 prior to capturing the fluorescent LEHD - - . + - LE:B : + i
images (20x objective lens). Five fields IETD - - - - + BOP % . . N .
were randomly selected to calculate bbP -+ * * * *
Pl-positive cells for statistical analysis.
(D) The LDH release in the culture ©) 4. h (D) o
supernatants from cells was detected i 80 e
using LDH cytotoxicity assay kit. *p <0.05; L _—
**p<0.01; **p<0.001. 2 %1 < 60
o1 404 ®
%& % 401
Oo =
& 20 é 204
0- 04
shNC + - - - shNC + = = + g
shAMIGO2 - + + + shAMIGO2 - + + + +
DEVD - + — - DEVD - & + - -
LEHD - - + - LEHD - - - + -
IETD - - - + IETD = = = =
DDP + + + + DDP & + #* +

Cisplatin is an effective first-line platinum agent widely used in
NSCLC therapy, which has improved the overall survival at 1year
from 5% in untreated patients to 15% in patients administrated with
the cisplatin-based therapy.?* However, drug insensitivity commonly
observed in clinic greatly affects the cisplatin efficacy, and eventu-
ally causes the therapeutic failure. Thus, identification of novel
target molecules responsible for modulation of the cisplatin sensi-
tivity and clarification of the underlying mechanisms are essential
to design feasible regimen for improving the efficacy of cisplatin in
NSCLC treatment.

AMIGO?2 is an adhesion transmembrane molecule possessing an
extracellular portion with six LRRs and an 1gG-like domain, a trans-
membrane domain, and a cytosolic region.'*?2 AMIGO2 has initially
been identified as a prosurvival factor of cerebellar granule neurons
upon depolarization.!? Further evidences suggested AMIGO2 was
also implicated in tumorigenesis and tumour progress. Rabenau
et al reported that inhibition of AMIGO2 expression led to increased
ploidy, chromosomal instability, decreased cell adhesion and abro-
gation of tumour growth in gastric adenocarcinoma. Interestingly,
they also found that significant absolute AMIGO2 expression levels
were observed in some lung cancer patients (20%). Of a variety of
cancer lines including lung, colon, breast, ovary, cervical, prostate,
skin, brain, kidney, liver, osteosarcoma and epidermis, the highest
expression observed was in lung A549 and NCI-H1299 cells, imply-
ing that AMIGO2 might play vital roles in a subset of lung cancer.2® In

this study, AMIGO2 was found to be an essential mediator involved
in the response of NSCLC to cisplatin, and depletion of AMIGO2
markedly enhanced innate sensitivity against cisplatin via GSDME-
mediated pyroptosis in NSCLC cells. However, further clinical inves-
tigations are needed to elucidate the correlation between AMIGO2
expression and innate cisplatin sensitivity in NSCLC patients.
Pyroptosis is a form of programmed cell death originally thought
to be executed by the gasdermin D (GSDMD) subjected to cleav-
age by the active caspase-1, -4, -5 or -11 to release its gasdemin-NT
fragment with pore-forming activity.?3-?°> Recent study found that
another gasdermin, GSDME, competitively suppressed the as-
sociation of caspase-3 with its apoptotic substrates by binding to
caspase-3, and thus switch apoptosis to pyroptosis.” It has been
proved that cisplatin could activate caspase-3 and induce pyropto-
sis in both cancer and normal cells with abundant GSDME expres-
sion.”?® Combined with the literature that indicated that GSDME
promoted cisplatin sensitivity to inhibit lung carcinoma by mediat-
ing pyroptosis to trigger antitumor immunocyte infiltration,’® we
speculated that caspase-3-related cascade and its substrate GSDME
might be implicated in the mechanisms of AMIGO2 affecting innate
sensitivity against cisplatin. We first demonstrated that AMIGO2
suppressed the caspase and GSDME fragmentation induced by cis-
platin. Knockdown of GSDME or blockade of caspase activations
with the specific inhibitors further revealed that AMIGO2 impaired
the cisplatin sensibility through suppression of the cisplatin-induced
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activation of (caspase-8 and caspase-9)/caspase-3 cascade and the
subsequent GSDME-conferred pyroptosis.

The Akt signalling pathway is associated with multiple physiolog-
ical and pathological processes, including cell survival, angiogenesis,
as well as cancer and neurological disorders.?”?8 The activation of Akt
is triggered by phosphorylation at two sites, T308 and S473. PDK1
served as a primary activator of Akt is autophosphorylated at the site
of 5241 via binding to phosphatidylinositol-3,4,5-triphosphate (PIP3),
resulting in the recruitment of PDK1 to the membrane and the subse-
quent phosphorylation of Akt at one site T308.% Another site at $473
was phosphorylated by PDK2 family members such as mTORC2 (mam-
malian target of rapamycin complex 2) or DNA-PK (DNA-dependent
protein kinase).>3! Recent report indicated that AMIGO2 served as
a scaffold protein at the plasma membrane to promote PDK1 mem-
brane localization and PDK1/Akt activation in endothelial cells (ECs)
and regulated the angiogenic function.* Consistent with these sug-
gestions, we found that knockdown of AMIGO2 significantly inhibited
the phosphorylation of PDK1 (5241), Akt (T308) and Akt (5473), while
enhanced the expression of AMIGO2 stimulated the activations of the
above signal molecules in NSCLC cells. Given AMIGO2 can promote
the phosphorylation of Akt at both T308 and S473, whose initial phos-
phorylation was triggered by PDK1 and PDK2 family members respec-
tively, it is reasonable to speculate that in addition to modulation of
PDK1 activity for Akt phosphorylation at T308, AMIGO2 might have

the potential of regulating the kinase activity of PDK2 family members
for Akt phosphorylation at S473. Further investigations are required to
clarify the possible roles of AMIGO2 in regulation of the PDK2 family
members.

It has been known that the activated Akt not only directly inhib-
its the protease activity of caspase-9 by phosphorylating its serine
residue at position 196 (5196),%2 but also impairs the kinase activity
of the caspase-8 activator, ASK1 (apoptosis signal-regulated kinase
1) via phosphorylating its serine residue at position 83 (S83), and
thus indirectly abrogates the protease activity of caspase—8.33'34
Activation of Akt by AMIGO2 might be responsible for inhibition
of caspase-3 by repressing both caspase-9 and caspase-8, result-
ing in suppression of GSDME cleavage and the subsequent cell py-
roptosis, thereby reducing the cisplatin sensitivity of NSCLC cells.
Intriguingly, we found that inhibition of Akt phosphorylation at S473
with MK-2206 had little effect on the protease activity of caspase-9
and caspase-8, as wells as the GSDME fragmentation and pyropto-
sis, whereas abrogation of Akt phosphorylation at T308 with BX795
significantly enhanced the cleavage of caspase-9, caspase-8 and
GSDME, and promoted pyroptosis in cisplatin-treated NSCLC cells
overexpressing AMIGO2. The results suggested that phosphoryla-
tion of Akt at T308 rather than at S473 was essentially indispensable
for the inhibitory effects of AMIGO2 on the caspase cascade and
GSDME-mediated pyroptosis.
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FIGURE 6 Knockdown of AMIGO?2 increased cisplatin sensitivity in vivo. A549/shAMIGO2 or A549/shNC cells (3 x 10°) mixed with
Matrigel were subcutaneously injected to the right flank of four-to-five-week-old male BALB/c nude mice. When tumours formed, mice were
randomly divided into 4 groups as described in Materials and Methods. The mice received intraperitoneal injections of cisplatin at a dose

of 3mg/kg every 3days, whereas the control group received PBS. (A) Tumour growth curves were determined by calculation of the tumour
volume every 3days. (B) Photographs of the tumours extirpated from the engrafted mice. (C) Comparison of tumour weights of the indicated
groups. (D) Body weights were measured once every 3days. (E) Tumours were lysed and subjected to western blot analysis of the cleavage
of GSDME. GAPDH was used as the loading control. (F) The supernatants from tumour tissue lysate were collected for measurement of the
LDH activity using Lactate dehydrogenase assay kit according to the manufacturer's instructions. (G) Tumour sections were immunostained
with anti-Ki67 and anti-CD34 antibodies. (H, 1) Image-Pro® Plus v 6.0 (for Windows) was used to calculate the integrated optical density

(IOD) per unit (Area) of the images. *p <0.05; **p <0.01; ns, not significant.

In summary, we have first provided evidences to reveal the
role and the underlying mechanism of AMIGO2 in regulation of
the innate cisplatin sensitivity in NSCLC cells. Our results demon-
strated that AMIGO2 might inhibit cisplatin-induced activation of
(caspase-8 and caspase-9)/caspase-3 via stimulating PDK1/Akt
(T308) signalling axis, leading to attenuation of GSDME-conferred
pyroptosis, thereby reducing the innate sensitivity of NSCLC cells
against cisplatin (Graphical Abstract). Therefore, determination of
the expression levels of AMIGO2 in NSCLC patients might give the

hint for predicting the efficacy of cisplatin treatment. More impor-
tantly, AMIGO2 might be employed as an adjunctive therapeutic tar-
get for improving the response to cisplatin-based chemotherapy in a
subset of NSCLC with abundant GSDME expression.

AUTHOR CONTRIBUTIONS

Lian-kuai Chen: Investigation (lead); methodology (lead); validation
(equal); writing - original draft (lead). Shu-ping Lin: Data curation
(lead); methodology (equal); visualization (lead). Yong-huan Xie:



CHEN ET AL.

2422
—LWI LEY

Data curation (equal); methodology (equal); validation (lead). Xiang-
peng Tan: Investigation (equal); validation (equal). Ben-han Xiong:
Formal analysis (equal); visualization (equal). Xiang-feng Zeng:
Methodology (equal); validation (equal). Cai-rong Zhu: Resources
(lead); validation (equal). Shao-yi Cao: Methodology (equal); re-
sources (equal). Xiao-yan Ye: Methodology (equal). Hong-jiao Liu:
Funding acquisition (equal); project administration (lead). Xiao-ping
Wou: Conceptualization (lead); funding acquisition (lead); supervision

(lead); writing - review and editing (lead).

ACKNOWLEDGEMENTS

The work was supported by the National Natural Science Foundation
of China (82274145, 81573334), Guangdong Basic and Applied Basic
Research Foundation of China (2021A1515011184, 2023A1515012600),
the Science and Technology Planning Project of Guangdong Province of
China (2017A020211029, 2015A020211017).

CONFLICT OF INTEREST STATEMENT

The authors declare that there are no conflicts of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available from
the corresponding author upon reasonable request.

ORCID

Xiao-ping Wu "2 https://orcid.org/0000-0002-4198-2210

REFERENCES

1. Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A.
Global cancer statistics 2018: GLOBOCAN estimates of incidence
and mortality worldwide for 36 cancers in 185 countries. CA Cancer
J Clin. 2018;68:394-424.

2. Herbst RS, Heymach JV, Lippman SM. Molecular origins of cancer:
lung cancer. N Engl J Med. 2008;359:1367-1380.

3. Group IALCTC. Cisplatin-based adjuvant chemotherapy in patients
with completely resected non-small-cell lung cancer. N Engl J Med.
2004;350:351-360.

4. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2016. CA Cancer J
Clin. 2016;66:7-30.

5. GalluzzilL, Vitale |, Aaronson SA, et al. Molecular mechanisms of cell
death: recommendations of the Nomenclature Committee on Cell
Death 2018. Cell Death Differ. 2018;25:486-541.

6. Chen X, He W-t, Hu L, et al. Pyroptosis is driven by non-selective
gasdermin-D pore and its morphology is different from MLKL
channel-mediated necroptosis. Cell Res. 2016;26:1007-1020.

7. Cheng Q, Pan J, Zhou Z-L, et al. Caspase-11/4 and gasdermin D-
mediated pyroptosis contributes to podocyte injury in mouse dia-
betic nephropathy. Acta Pharmacol Sin. 2021;42:954-963.

8. Ding J, Wang K, Liu W, et al. Pore-forming activity and structural
autoinhibition of the gasdermin family. Nature. 2016;535:111-116.

9. Wang Y, Gao W, Shi X, et al. Chemotherapy drugs induce pyroptosis
through caspase-3 cleavage of a gasdermin. Nature. 2017;547:99-103.

10. PengZ, Wang P, Song W, et al. GSDME enhances cisplatin sensitiv-
ity to regress non-small cell lung carcinoma by mediating pyroptosis
to trigger antitumor immunocyte infiltration. Signal Transduct Target
Ther. 2020;5:1-3.

11. Kuja-Panula J, Kiiltomaki M, Yamashiro T, et al. AMIGO, a trans-
membrane protein implicated in axon tract development,

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

defines a novel protein family with leucine-rich repeats. J Cell Biol.
2003;160:963-973.

Ono T, Sekino-Suzuki N, Kikkawa Y, Yonekawa H, Kawashima S.
Alivin 1, a novel neuronal activity-dependent gene, inhibits apopto-
sis and promotes survival of cerebellar granule neurons. J Neurosci.
2003;23:5887-5896.

Soto F, Tien N-W, Goel A, Zhao L, Ruzycki PA, Kerschensteiner
D. AMIGO2 scales dendrite arbors in the retina. Cell Rep.
2019;29:1568-1578.

Park H, Lee S, Shrestha P, et al. AMIGO2, a novel membrane anchor
of PDK1, controls cell survival and angiogenesis via Akt activation.
J Cell Biol. 2015;211:619-637.

Hossain S, Ahmed MU, Alam S, et al. Expressions and roles of
AMIGO gene family in vascular endothelial cells. Int J Biosci Biochem
Bioinform. 2012;2:1-5.

Ma X, Hu P, Chen H, Fang T. Loss of AMIGO2 causes dramatic
damage to cardiac preservation after ischemic injury. Cardiology J.
2019;26:394-404.

Li Z, Khan MM, Kuja-Panula J, et al. AMIGO2 modulates T cell func-
tions and its deficiency in mice ameliorates experimental autoim-
mune encephalomyelitis. Brain Behav Immun. 2017;62:110-123.
Rabenau KE, O'Toole JM, Bassi R, et al. DEGA/AMIGO-2, a leucine-
rich repeat family member, differentially expressed in human gastric
adenocarcinoma: effects on ploidy, chromosomal stability, cell adhe-
sion/migration and tumorigenicity. Oncogene. 2004;23:5056-5067.
Kanda Y, Osaki M, Onuma K, et al. Amigo2-upregulation in tumour
cells facilitates their attachment to liver endothelial cells resulting
in liver metastases. Sci Rep. 2017;7:1-13.

Fontanals-Cirera B, Hasson D, Vardabasso C, et al. Harnessing BET
inhibitor sensitivity reveals AMIGO2 as a melanoma survival gene.
Mol Cell. 2017;68:731-744.

Schiller JH. A new standard of care for advanced lung cancer. N Engl
J Med. 2018;378:2135-2137.

Chen Y, Aulia S, Li L, Tang BL. AMIGO and friends: an emerging
family of brain-enriched, neuronal growth modulating, type | trans-
membrane proteins with leucine-rich repeats (LRR) and cell adhe-
sion molecule motifs. Brain Res Rev. 2006;51:265-274.

Shi J, Zhao Y, Wang K, et al. Cleavage of GSDMD by inflammatory
caspases determines pyroptotic cell death. Nature. 2015;526:660-665.
Baker PJ, Boucher D, Bierschenk D, et al. NLRP3 inflammasome
activation downstream of cytoplasmic LPS recognition by both
caspase-4 and caspase-5. Eur J Immunol. 2015;45:2918-2926.
Kayagaki N, Stowe IB, Lee BL, et al. Caspase-11 cleaves gas-
dermin D for non-canonical inflammasome signalling. Nature.
2015;526:666-671.

Lu H, Zhang S, Wu J, et al. Molecular targeted therapies elicit con-
current apoptotic and GSDME-dependent pyroptotic tumor cell
death. Clin Cancer Res. 2018;24:6066-6077.

Toker A, Marmiroli S. Signaling specificity in the Akt pathway in
biology and disease. Adv Biol Regul. 2014;55:28-38.

Liu P, Cheng H, Roberts TM, Zhao JJ. Targeting the phosphoinositide
3-kinase pathway in cancer. Nat Rev Drug Discov. 2009;8:627-644.
Mora A, Komander D, van Aalten DM, et al. PDK1, the master
regulator of AGC kinase signal transduction. Semin Cell Dev Biol.
2004;15:161-170.

Yudushkin I. Control of Akt activity and substrate phosphorylation
in cells. IUBMB Life. 2020;72:1115-1125.

Stronach EA, Chen M, Maginn EN, et al. DNA-PK mediates AKT
activation and apoptosis inhibition in clinically acquired platinum
resistance. Neoplasia. 2011;13:1069-1080.

Cardone M, Roy N, Stennicke HR, et al. Regulation of cell death pro-
tease caspase-9 by phosphorylation. Science. 1998;282:1318-1321.
Kim AH, Khursigara G, Sun X, Franke TF, Chao MV. Akt phosphor-
ylates and negatively regulates apoptosis signal-regulating kinase.
Mol Cell Biol. 2001;21:893-901.


https://orcid.org/0000-0002-4198-2210
https://orcid.org/0000-0002-4198-2210

CHEN ET AL.

Wi LEYJﬂ

34. Bhattacharyya A, Pathak S, Basak C, Law S, Kundu M, Basu J. Execution
of macrophage apoptosis by Mycobacterium avium through apoptosis
signal-regulating kinase 1/p38 mitogen-activated protein kinase signal-
ing and caspase 8 activation. J Biol Chem. 2003;278:26517-26525.

SUPPORTING INFORMATION
Additional supporting information can be found online in the

Supporting Information section at the end of this article.

How to cite this article: Chen L-k, Lin S-p, Xie Y-h, et al.
AMIGO?2 attenuates innate cisplatin sensitivity by suppression
of GSDME-conferred pyroptosis in non-small cell lung cancer.
J Cell Mol Med. 2023;27:2412-2423. doi:10.1111/jcmm.17827



https://doi.org/10.1111/jcmm.17827

	AMIGO2 attenuates innate cisplatin sensitivity by suppression of GSDME-­conferred pyroptosis in non-­small cell lung cancer
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Cell lines and cell culture
	2.2|Reagents and antibodies
	2.3|Generation of stable AMIGO2 knockdown and overexpression cell lines
	2.4|Cell viability assay
	2.5|Flow cytometric analysis
	2.6|Hoechst 33342/PI staining
	2.7|LDH release assay
	2.8|siRNA transfection
	2.9|Real-­time quantitative PCR analysis
	2.10|Western blot analysis
	2.11|Tumour xenograft models
	2.12|Immunohistochemical analysis
	2.13|Statistical analysis

	3|RESULTS
	3.1|AMIGO2 reduced innate cisplatin sensitivity in NSCLC cells
	3.2|AMIGO2 suppressed pyroptosis induced by cisplatin
	3.3|Effects of AMIGO2 on the cisplatin-­activated caspase cascade
	3.4|AMIGO2 reduced innate cisplatin sensitivity via suppression of GSDME-­mediated pyroptosis
	3.5|AMIGO2 inhibited GSDME-­mediated pyroptosis through (caspase-­8 and caspase-­9)/caspase-­3 cascade
	3.6|AMIGO2 inhibited pyroptosis through activation of PDK1/Akt (T308) signalling pathway
	3.7|Knockdown of AMIGO2 increased cisplatin sensitivity in vivo

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNO​WLE​DGE​MENTS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


