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Abstract 
Chordoma is a rarely malignant bone tumor with highly resistance to radiotherapy and 
chemotherapy. Melatonin has been shown to inhibit tumor cell invasion, metastasis and 
induce apoptosis in several types of cancer. Activation of melatonin receptor inhibit 
cancer stemness of chordoma, which suggesting that melatonin receptor agonists have 
potential therapeutic value for the clinical treatment of chordoma. The present study 
aimed to investigate the anticancer action and molecular mechanism of Piromelatine 
(Neu-P11) in chordoma cells, a high-efficacy agonist of melatonin receptor-1/melatonin 
receptor-2 (MT1/MT2). We used Neu-p11 (1, 10, 100, 1000 μM) or vehicle to treat 
chordoma cell lines U-CH1 and MUG-Chor for 36 hours. CCK-8 assay and LDH 
activity assay showed that Neu-p11 had dose-dependent cytotoxic effect on chordoma 
cells. Neu-p11 induced NLRP3 and Cleaved-Caspase-1 expression, while Caspase-1 
specific inhibitor Z-YVAD-FMK and NLRP3 specific inhibitor MCC950 
independently blocked the cytotoxic effect of Neu-p11 on chordoma cells, indicating 
that Neu-p11 induced a NLRP3-dependent cell pyroptosis. Neu-p11 promoted NADPH 
oxidase 4 (NOX4) translocation to mitochondria, resulting in a significant increase in 
mitochondria-derived ROS and decreased expressions of mitochondrial antioxidant 
proteins (MnSOD, Sirt3) and mitochondrial DNA replication factor (Tfam), which 
could be attenuated by NOX4 specific inhibitor GKT137831. Further investigation 
revealed that Neu-p11 resulted in decreased copy number of mtDNA and increased 
mtDNA releasing in cytoplasm. Decreased oxygen consumption, reduced membrane 
potential and ultrastructural damage of mitochondrial were detected in Neu-p11 treated 
chordoma cells, which could be attenuated by GKT137831. GKT137831 inhibited 
mitochondria-translocation of NLRP3 and attenuated activation of NLRP3 
inflammasome caused by Neu-p11 treatment. Collectively, we demonstrated that Neu-
p11 induces mitochondrial translocation of NOX4 leads to oxidative damage of 
mitochondria, mediating chordoma cells NLRP3-dependent pyroptosis. Neu-p11 may 
be a a new strategy for chordoma treatment. 
Key words: Neu-p11, NOX4, Mitochondrial oxidative injury, NLRP3, Pyroptosis 
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Abbreviations 

Neu-p11, Piromelatine; NOX4, NADPH oxidase 4; NLRP3, NLR Family Pyrin 

Domain Containing 3; MnSOD, Manganese superoxide dismutase; Sirt3, NAD-

dependent deacetylase sirtuin-3; Tfam, mitochondrial transcription factor A; mtROS, 

mitochondria-derived reactive oxygen species; mitochondrial membrane potential 

(MMP, ΔΨm); mtDNA, mitochondrial DNA. 

  

WITHDRAWN

see manuscript D
OI fo

r details

preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for thisthis version posted February 13, 2020. ; https://doi.org/10.1101/2020.02.12.946665doi: bioRxiv preprint 

https://doi.org/10.1101/2020.02.12.946665


1. Introduction 

Chordoma is a primary malignant bone tumor, commonly occurring in the skull 

base, spine and sacrum. Chordomas are generally considered to have a slow growth rate 

but strong local invasion capability[1]. Chordoma is difficult to operate, the sensitivity 

to chemo-radiotherapy is very poor, the recurrence rate after treatment is very high[2]. 

Currently, no newly emerging cancer therapies such as targeted therapy and 

immunotherapy have been approved for chordoma treatment[3]. It is urgent to explore 

the biological characteristics of chordoma cells and find new therapeutic schemes. 

Pyroptosis is a programmed cell death dependent on activation of Caspase-1, a 

conserved mechanism for maintaining cell homeostasis[4]. Pyroptosis was first studied 

in intracellular infection, and later proved to be widely involved in neurodegenerative 

diseases, autoimmune diseases, metabolic disorders, tumor development and other 

pathophysiological processes[5]. Induced cell pyroptosis is an important idea in tumor 

therapy[6]. Activation of intracellular pattern recognition receptors represented by 

Nucleotide binding oligomerization (NOD)-like receptors (NLRP3) is an important 

upstream event of Caspase-1 activation[7]. This pathway can be activated by a variety 

of endogenous and exogenous risk signals in the body including hypoxia, metabolic 

stress, calcium overload, and intracytoplasmic DNA, inducing the release of 

inflammatory cytokines and inducing cell death[8-10]. After tumor cells are subjected 

to multiple pressures such as oxidative stress, metabolic pressure and immune 

stimulation, mitochondrial dysfunction occurs, mtROS is produced, mitochondrial 

DNA (mtDNA) is oxidized and released into the cytoplasm, and finally NLRP3 is 

activated. This process is also accompanied by cardiolipin transport to the outer 

membrane of the mitochondria, promoting the attachment of NLRP3 to the 

mitochondria, and is believed to be involved in the activation of NLRP3[11, 12]. The 

role of mitochondrial damage and NLRP3 inflammasome-dependent cell pyroptosis in 

chordoma cells needs to be further elucidated. 

Melatonin, an endogenous cancer suppressor hormone, has been shown to inhibit 

tumor cell invasion, metastasis and induce apoptosis in several cancer species[13, 14]. 

Recent studies have shown that melatonin is not only secreted rhythmically by the 
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pineal gland, but also can be synthesized by peripheral tissue cells, regulating the redox 

balance and microenvironmental immunity of target cells by paracrine or autocrine 

patern[15, 16]. Numbers of relevant melatonin-dependent effects are triggered by 

targeting mitochondrial functions, including modulating the mitochondrial respiratory 

chain, antagonizing the highly glycolytic bioenergetic pathway, regulating Ca2+ release 

and mitochondrial apoptotic effectors[17]. The latest research results show that 

Activation of melatonin receptor inhibit cancer stemness of chordoma[18], which 

suggesting that melatonin receptor agonists have potential therapeutic value for the 

clinical treatment of chordoma.  

Although most studies have demonstrated the antioxidant capacity of melatonin 

and its derivatives [19, 20], some have found that therapeutic concentrations of 

melatonin promote the production of reactive oxygen species (ROS) in tumor cells[21, 

22]. Therefore, melatonin may be an "antioxidant" that has a conditioned pro-oxidant 

effect on tumor cells. The difference of melatonin in regulating redox homeostasis 

between normal cells and cancer cells suggests that melatonin can be used to kill 

chordoma cells specifically. However, little is known about the molecular mechanism 

by which melatonin promotes oxidative stress in tumor cells. There are two possible 

pro-oxidation mechanisms: melatonin interacts with NADPH oxidase (NOX) in tumor 

cells to stimulate ROS production; Melatonin can regulate mitochondrial complex III 

or mitochondrial permeability transition pore activity and promote the generation of 

mitochondrial ROS (mtROS). Mitochondria are the center of cellular redox regulation, 

and their functional and structural damage may be one of the mechanisms by which 

melatonin promotes oxidation to kill tumor cells. Melatonin can accurately regulate 

mitochondrial structural and functional balance and redox homeostasis[23, 24], block 

abnormal metabolic pathways of tumor cells and mitochondrial dependent signal 

transduction, and thus play a role in cancer inhibition. In addition, it can trigger 

mitochondria-dependent cell death in tumor cells. 

Neu-p11, as a novel melatonin receptor agonist, has the advantages of longer half-

life, higher selectivity, less adverse reactions and easy synthesis compared with 

melatonin[25, 26], which has great potential for clinical application. In this study, we 
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found that Neu-p11 triggers mitochondrial translocation of NOX4 in U-CH1 and M-

Chor chordoma cells, leading to mitochondrial oxidative damage and mediating 

NLRP3 inflammasome-dependent cell pyroptosis in chordoma cells. Neu-p11-

mediated pyroptosis may be a new strategy for the treatment of chordoma. 
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2. Methods 

2.1 Drugs and reagents 

Neu-p11 (Piromelatine) was purchased from Neurim Pharmaceuticals Ltd. (Tel-Aviv, 

Israel); MCC950 (sc-505904) was purchased from Santa Cruz Biotechnology (Santa 

Cruz, CA, United States). Z-YVAD-FMK (235429) was purchased from Sigma-Aldrich 

(Sigma, St Louis, MO, USA). GKT137831 (B4763) was purchased from ApexBio 

Technology (ApexBio, Houston, Texas, USA). Oxygen Consumption Rate Assay Kit 

(ab197243) was purchased from Abcam (Cambridge, UK). Mito-SOX Red 

Mitochondrial Superoxide Indicator) (M36008) was purchased from Invitrogen 

(Carlsbad, CA, USA). Cell Counting Kit-8 (C0037), LDH Cytotoxicity Assay Kit 

(C0016), Mitochondrial membrane potential assay kit with JC-1 (C2006), Caspase 1 

activity assay kit (C1101), Cell Mitochondria Isolation Kit (C3601) and Mitochondria 

Storage Buffer (C3609) were purchased from Beyotime (Nanjing, PRC). The antibodies 

used in this study are: β-actin (ab179467), NOX4 (ab133303), NLRP3 (ab232401), 

ASC (ab155970), pro-Caspase-1 (ab179515), PARP (ab74290), MnSOD (ab13533), 

Sirt3 (ab223531), Tfam (ab131607), COX IV (ab33985), Donkey Anti-Goat IgG 

H&L(Cy5) (ab6566), Donkey Anti-Rabbit IgG H&L(HRP) (ab6802) were purchased 

from Abcam (Cambridge, UK). Cleaved-Caspase-1(D57A2) was purchased from Cell 

Signaling Technology (Beverly, MA, USA); pro-IL-1β (AF-401) was purchased from 

R&D Systems (Minneapolis, USA). 

2.2 Cell culture 

U-CH1 and MUG-Chor chordoma cells were purchased from the cell bank of the 

Chinese academy of sciences. Cells were grown in Eagle’s minimum essential medium 

containing 10% heat-inactivated fetal bovine serum (FBS) (Invitrogen, Carlsbad, CA), 

100 U/ml of penicillin and 100 μg/ml of streptomycin in a humidified atmosphere of 5% 

CO2 at 37°C. 

2.3 Cell viability assay 

Cell viability was measured in different treatment groups with Cell Mitochondria 

Isolation Kit (Beyotime) and preserved in Mitochondria Storage Buffer (Beyotime)  

according to the manufacturer's protocol. 
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2.4 Isolation of mitochondria 

Mitochondria from cells in different treatment groups were isolated with Cell Counting 

Kit-8 (Beyotime) and LDH Cytotoxicity Assay Kit (Beyotime) according to the 

manufacturer's protocol. 

2.5 Western blotting assay 

Total proteins were extracted from chordoma cells following immunoblotting as we 

previous described. β-actin was used as the control of cell lysate protein. COX IV was 

used as the control of mitochondrial lysate protein. 

2.6 RNA isolation and qPCR analysis 

Total RNA was isolated from microglia using TRIzol reagent (Invitrogen) according to 

the manufacturer’s instructions. cDNA was transcribed and SYBR-Green-based real 

time quantitative PCR was performed according to the standard protocol. 

2.7 Transmission electron microscopy (TEM) study 

The cells were immobilized by 2.5% glutaraldehyde at 4 ℃ for 8 h. TEM sections were 

made, observed and photographed by technicist from Electron microscopy Department, 

School of Basic Medicine, Fudan University. 

2.8 Oxygen Consumption Rate Assay 

Cell oxygen consumption rate was measured in different treatment groups with Oxygen 

Consumption Rate Assay Kit (Abcam) according to the manufacturer's protocol. 

2.9 Immunofluorescent staining 

Immunofluorescence technique was used according to the standard protocol. 

2.10 Mitochondria-derived ROS detection 

Mitochondria-derived ROS was determined by staining microglia with Mito-SOX Red 

Mitochondrial Superoxide Indicator (Invitrogen) according to the manufacturer's 

protocol. 

2.11 Caspase-1 activity assay 

Caspase-1 activity was measured in different treatment groups with Caspase 1 activity 

assay kit (Beyotime) according to the manufacturer's protocol. 

2.12 Detection of mtDNA copy number and cytoplasmic DNA content 

This part of the experimental steps refer to Bai J et. al.[37] 
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2.13 Statistical analyses 

All data are presented as mean ± standard error of the mean (SEM). For experiments 

that involved two groups of samples, Student’s unpaired t test was used. For 

experiments that involved multiple groups, one-way or two-way analysis of variance 

with repeated measures were used to assess group means. 
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3. Results 

3.1 Neu-p11 inhibits cell viability and activates NLRP3 inflammasome on 

chordoma cells 

First, CCK-8 kit and LDH cytotoxicity kit were used to detect the effect of Neu-p11 

treatment at different concentrations for 36h on the viability of chordoma cells (Fig.1 

A-D). We found that the viability of chordoma cells treated with 1μM Neu-p11 

decreased compared with the control group, and the difference was statistically 

significant (n = 5, *P < 0.05). With the increase of Neu-p11 concentration in cell culture 

medium (1-1000 μM), cytotoxicity has been significantly enhanced, and is 

concentration-dependent with Neu-p11 concentration (n = 5, *P < 0.05). We detected 

the protein expression of each component of NLRP3 inflammasome (NLRP3, ASC, 

pro-Caspase-1, Cleaved-Caspase-1 and pro-IL-1β) by western blot, and found that Neu-

p11 significantly increased the protein expression of each component of NLRP3 

inflammasome (Fig.1 E-I, n = 5, *P < 0.05). The protein expression of each component 

of NLRP3 (NLRP3, ASC, pro-Caspase-1, Cleaved-Caspase-1 and pro-IL-1β) increased 

with the concentration of Neu-p11 in the cell culture medium (1-1000 μM), and was 

dose dependent on the concentration of Neu-p11 (n = 5, *P < 0.05). These results 

showed that Neu-p11 inhibited the viability of chordoma cells and activated the NLRP3 

inflammasomes. 

3.2 Neu-p11 induces NLRP3-dependent pyroptosis on chordoma cells 

Pyroptosis is a programmed cell death dependent on Caspase-1 activation. In order to 

investigate whether Neu-p11 (1000 μM) treatment induced pyroptosis in chordoma 

cells, we added the Caspase-1 specific inhibitor Z-YVAD-FMK into the cell culture 

medium, and found that Z-YVAD-FMK could partially block the cytotoxic effect 

caused by Neu-p11 (Fig.2 A, B, n = 5, *P < 0.05), proving that Neu-p11 triggered the 

pyroptosis pathway of chordoma cells. Caspase-1, a component of the NLRP3 

inflammasome, could be activated NLRP3. To further define whether Neu-p11 activates 

Caspase-1 through NLRP3-dependent manner, we added the NLRP3 specific inhibitor 

MCC950 into the cell culture medium, and found that MCC950 did not affect the 

expression of pro-Caspase1, but inhibited the increased expression of Cleaved-
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Caspase-1 caused by Neu-p11 treatment, indicating that Neu-p11 promoted the 

maturation of Caspase-1 by activating NLRP3 (Fig.2 C-F, n = 5, *P < 0.05). We also 

found that MCC950 can inhibit the expression of DNA-damage-responseor PARP in 

chordoma cells caused by Neu-p11 (Fig.2 C-F, n = 5, *P < 0.05), further suggesting 

that the pyroptosis of cells caused byNneu-p11 is dependent on the activation of NLRP3. 

3.3 The activation of NOX4 by Neu-p11 causes oxidative damage to the 

mitochondria of chordoma cells 

ROS in cells are mainly produced by NADPH oxidase and mitochondrial electron 

respiration chain. Recent studies have found that NOX4 could translocate from cell 

membrane to mitochondria, mediate mitochondrial oxidative damage, and is a key 

molecular bridge connecting the two ROS-generating systems. To investigate the effect 

of Neu-p11 (1000 μM) on redox homeostasis in chordoma cells, we examined the effect 

of Neu-p11 at different concentrations on NOX4 expression in chordoma cells. We were 

pleasantly surprised to find that Neu-p11 significantly increased the expression of 

NOX4 at concentrations of 10-1000 μM (Fig.3 A-C, n = 5, *P < 0.05). In order to 

further investigate whether Neu-p11-activated NOX4 affect mitochondrial redox state, 

we added the NOX4 specific inhibitors GKT137831 into the cell culture medium, found 

that GKT137831 inhibit the expression reduction of mitochondrial antioxidant proteins 

(MnSOD, Sirt3) and mitochondrial DNA replication factor (Tfam) in chordoma caused 

by Neu-p11 (Fig.4 A-E, n = 5, *P < 0.05), suggesting that Neu-p11-activated NOX4 

mediates the reduction of mitochondrial antioxidant capacity and damage of 

mitochondrial function in chordoma cells. To further verify this finding, we used Mito-

SOX mtROS indicator to observe the effect of GKT137831 on mtROS in chordoma 

cells treated with Neu-p11, and found that GKT137831 significantly reduced the 

accumulation of mtROS in chordoma cells induced by Neu-p11 (Fig.5 A-C, n = 5, *P 

< 0.05, Scale bar = 30μm). We also detected mtDNA copy number and cytoplasmic 

mtDNA content of chordoma cells with reference to Bai J et. al.[37], and found that 

GKT137831 significantly reduced the mtDNA copy number and cytoplasmic mtDNA 

content of chordoma cells treated with Neu-p11 (Fig.6 A-D, n = 5, *P < 0.05). Further 

detection of oxygen consumption rate (Fig.6 E-F, n = 5, *P < 0.05) and mitochondrial 
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membrane potential (Fig.7 A-C, n = 5, *P < 0.05, Scale bar = 50μm) confirmed that 

inhibition of NOX4 could block mitochondrial damage in chordoma cells caused by 

Neu-p11. We also used Transmission electron microscopy to observe the ultrastructural 

damage of mitochondria in different treatment groups, and confirmed that GKT137831 

could block mitochondria structure damage of chordoma cells caused by Neu-p11 

(mitochondrial swelling, mitochondrial intima structure blurring, and mitochondrial 

crest disorders) (Fig.8, Scale bar = 2μm). These results suggest that Neu-p11-mediated 

NOX4 activation causes mitochondrial oxidative damage in chordoma cells. 

3.4 NOX4 inhibitor GKT137831 inhibits Neu-p11-mediated NOX4 mitochondrial 

translocation and NLRP3 co-localization with mitochondria in chordoma cells 

To determine whether mitochondrial translocation has occurred in Neu-p11-activated 

NOX4, we isolated the mitochondria of chordoma cells in different treatment groups 

and detected the expression of NOX4 in the mitochondria. As expected, Neu-p11 (1000 

μM) triggers the mitochondrial translocation of NOX4, which is inhibited by the NOX4 

inhibitor GKT137831. We also examined the expression of NLRP3 on mitochondria, 

and found that Neu-p11 promoted mitochondrial translocation of NLRP3, while NOX4 

inhibitor GKT137831 inhibited mitochondrial translocation of NLRP3, suggesting that 

NLRP3 could perceive mitochondrial damage caused by NOX4 activation (Fig.9 A-D, 

n = 5, *P < 0.05). 

3.5 NOX4 inhibitor GKT137831 inhibits Neu-p11-mediated pyroptosis of 

chordoma cells 

We further examined the effect of NOX4 inhibitor GKT137831 on the activation of 

NLRP3 inflammasome and found that GKT137831 inhibited Neu-p11-mediated 

activation of NLRP3 inflammasome (Fig.10 A-D, n = 5, *P < 0.05). Further, we found 

that GKT137831 inhibited the expression of the Neu-p11-mediated DNA damage 

responsor PARP (Fig.10 A, B, E, n = 5, *P < 0.05), blocking the Neu-p11-induced 

chordoma cell viability impairment (Fig.10 F, G, n = 5, *P < 0.05) and Caspase-1 

activity (Fig.10 H, I, n = 5, *P < 0.05). These results suggest that Neu-p11 leads to 

NLRP3 inflammasome-dependent pyroptosis of chordoma cells by activating NOX4. 
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4. Discussion 

For a long time, the treatment of chordoma has been in the dilemma of drug availability 

for a long time, partly because the incidence of chordoma is low, and mostly sporadic 

cases, and the medical community has paid relatively limited attention to it, resulting 

in a far less understanding of the biology of chordoma. Chordomas tend to occur in the 

spine and clivus, adjacent to the spinal cord and brain, so it is important to explore a 

new treatment that selectively kills chordoma cells and reduces damage to normal cells 

in adjacent areas[1-3]. In this study, we found that Neu-p11, a novel melatonin receptor 

agonist, was effective in inducing NLRP3 inflammasome-dependent apoptosis of 

chordoma cells. The upstream molecular events that trigger NLRP3 activation are 

NOX4 activation and mitochondrial translocation mediated mitochondrial oxidative 

damage. In addition, we noted that NOX4 activation was significantly activated only at 

relatively high concentrations of Neu-p11 (100-1000 μM), while at relatively low 

concentrations of Neu-p11 (1-10 μM) the activity was antichordoma. This suggests that 

the anti-tumor effect of Neu-p11 does not depend solely on the Nox4-mitochondria-

NLRP3 inflammasome-Caspase-1 pathway. Our results not only provide experimental 

evidence support for the application of melatonin receptor agonists represented by Neu-

p11 in the treatment of chordoma, but also provide new thinking for the understanding 

of the biological characteristics of redox homeostasis in chordoma. 

The redox homeostasis of cells can be adapted to different metabolic and functional 

states. NOXs and mitochondrial electron transport chain produce ROS to play the role 

of intracellular messengers to regulate energy metabolism, while mitochondria and 

other organelles rich in antioxidant system can protect cells by removing ROS through 

dismutase such as MnSOD[27], suggesting that the redox homeostasis of cells comes 

from the coordination of several redox modulating systems. For a long time, it was 

thought that NOXs only existed in mononucleus-macrophages and neutrophils for 

killing pathogenic bacteria, while ROS in tumor cells mainly came from mitochondrial 

electron transport chain. In fact, NOXs gene expression and its dynamic regulation are 

very active in a variety of tumor cells[28, 29]. This gives us a new anticancer idea: 

whether we can activate NOXs in tumor cells, which causes tumor cells to suffer from 
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ROS overload, and ultimately inhibit the proliferation and invasion of tumor cells. To 

our surprise, our study found that the use of Neu-p11 to stimulate the melatonin receptor 

in chordoma cells can effectively activate NOX4 and ultimately kill the chordoma cells. 

This provides experimental evidence to support the anticancer idea. 

In general, melatonin is considered a classic antioxidant molecule. Most studies on the 

new medicinal uses and mechanisms of melatonin have found that melatonin can play 

an antioxidant role through the following two pathways: receptor-dependent signal 

transduction pathway to activate the antioxidant system[30, 31]; Or nonreceptor-

dependent mechanism as the antioxidant substrates directly neutralize oxidants[32]. 

Most studies have tended to suggest that melatonin plays a protective role by 

downregulating the expression of NOXs in normal cells [33]. Melatonin may have no 

significant effect on the expression of NOXs in tumor cells [34, 35]. We found that the 

melatonin receptor agonist Neu-p11 can activate NOX4 mitochondrial translocation in 

chordoma cells and cause oxidative stress. Our findings are consistent with previous 

reports that melatonin produces ROS through mitochondrial complex III[21]. We 

interpret this result as the genetic molecular phenotypes of tumor cells and normal cells 

are very different from each other, resulting in the abnormal linkage between the 

downstream signaling pathway of melatonin receptor and NOX4, which mediates the 

activation of NOX4, especially the mitochondrial translocation. Further exploration of 

the molecular basis behind this interesting finding could provides insight into the 

communication between the two ROS-generating systems and the differences in the 

redox homeostasis regulatory mechanisms of tumor cells compared to normal cells. 

Our study found that Neu-p11 leads to caspase-1-dependent cell death, cell pyroptosis, 

in chordoma cells through activation of NLRP3 inflammasomes. NLRP3 is a member 

of a family of intracellular conserved pattern recognition receptors that can be activated 

by a variety of intracellular "damaging stimuli" such as ROS and intracellular DNA. 

The classic downstream pathway after NLRP3 inflammasome activation is IL-1β 

maturation with Caspase-1, which ultimately leads to inflammation[36]. The role of 

NLRP3 in the fate determination of tumor cells has been less reported. We found that 

NOX4 caused damage to the mitochondrial of chordoma cells, increased accumulation 
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of mtROS and increased mitochondrial permeability, and finally activated NLRP3 

jointly with intracytoplasmic mtDNA. These results suggest that activation of NLRP3 

is theoretically feasible for anticancer. Further investigation of the regulatory 

differences between Caspase-1-mediated apoptosis and IL-1β maturation after 

inflammasome activation will be key to understanding the anticancer mechanism of 

NLRP3. 
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5. Conclusions 

We found that neu-p11 causes oxidative damage of mitochondria by activating NOX4 

and promoting NOX4 mitochondrial translocation, thereby activating the NLRP3 

inflammasome and eventually inducing Caspase-1-dependent pyroptosis in chordoma 

cells.This work provides experimental evidence for the clinical application of Neu-p11 

against chordoma. 
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Figures 

 

Fig.1 Neu-p11 inhibits chordoma cell growth and activates NLRP3 inflammasone. 

(A-D) CCK-8 assay and LDH activity assay were used to evaluate the effect of Neu-

p11 on chordoma cell proliferation and viability. Neu-p11 inhibited the growth of 
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chordoma cells and had obvious cytotoxic effect, and the effect was concentration-

dependent. 

(F-G) Western blot analysis of the expression of NLRP3 inflammasome in Neu-p11-

treated chordoma cells. Neu-p11 activates NLRP3 inflammasome, and the expression 

of each subunit (NLRP3, ASC, pro-Caspase-1, pro-IL-1β) increases with the increase 

of neu-p11 concentration. Neu-p11 increases the expression of cleaved-Caspase-1. 

Data in (A), (B), (C), (D), (G), (H) and (I) are presented as mean ± SEM. n = 5, *P < 

0.05. 

  

WITHDRAWN

see manuscript D
OI fo

r details

preprint (which was not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for thisthis version posted February 13, 2020. ; https://doi.org/10.1101/2020.02.12.946665doi: bioRxiv preprint 

https://doi.org/10.1101/2020.02.12.946665


 

Fig.2 Neu-p11 induced chordoma cell pyroptosis depend on NLRP3 activation. 

(A-B) The caspase-1 specific inhibitor Z-YVAD-FMK() significantly blocked the anti-

proliferation effect of Neu-p11 on chordoma cells. 

(C-D) The NLRP3 specific inhibitor MCC950() attenuated Caspase-1 maturation on 

Neu-p11-treated chordoma cells. MCC950 attenuated the increased expression of pro-

Caspase-1, Cleaved-Caspase-1, and PARP in Neu-p11-treated chordoma cells. 

(E-F) MCC950()blocked the anti-proliferation effect of Neu-p11 on chordoma cells. 

Data in (A), (B), (E) and (F) are presented as mean ± SEM. n = 5, *P < 0.05. 
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Fig.3 Neu-p11 induced NOX4 activation on chordoma cells. 

(A-C) Western blot analysis of the expression of NOX4 in Neu-p11-treated chordoma 

cells. Neu-p11 increased NOX4 expression and the effect was dose-dependent. 

Data in (C) are presented as mean ± SEM. n = 5, *P < 0.05. 
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Fig.4 Neu-p11 damaged mitochondrial anti-oxidation ability depend on NOX4 

activation. 

(A-E) Western blot analysis showed that the expressions of mitochondrial antioxidant 

proteins (MnSOD, Sirt3) and mitochondrial DNA replication factor (Tfam) were 

decreased. Nox4 specific inhibitor GKT137831 inhibited the effect of Neu-p11 on 

mitochondrial anti-oxidation ability. 

Data in (C), (D) and (E) are presented as mean ± SEM. n = 5, *P < 0.05. 
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Fig.5 Neu-p11 damaged mitochondrial anti-oxidation ability depend on NOX4 

activation. 

(A-B) Mito-SOX (Mitochondrial ROS indicator) staining indicated that Neu-p11 led to 

a significant increase in mitochondria derived ROS (mtROS). Nox4 specific inhibitor 

GKT137831 attenuated the increase of mtROS. 

(C) Representative image of Mito-SOX staining on U-CH1 cells. 

Scale bar = 30μm in (C). Data in (A) and (B) are presented as mean ± SEM. n = 6, *P 

< 0.05. 
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Fig.6 Neu-p11 caused DNA damage and increased permeability of mitochondria 

depend on NOX4 activation. 

(A-D) PCR showed that Neu-p11 resulted in decreased copy number of mitochondrial 

DNA and increased cytoplasmic DNA, indicating increased mitochondrial permeability 

and mitochondrial DNA damage. Nox4 specific inhibitor GKT137831 attenuated the 

DNA damage and increased permeability of mitochondria. 

(E-F) Cell oxygen consumption detection found that Neu-p11 resulted in decreased 

mitochondrial oxygen consumption, indicating that mitochondrial respiratory chain 

was damaged. 

Data in (A), (B), (C), (D), (E) and (F) are presented as mean ± SEM. n = 5, *P < 0.05. 
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Fig.7 Neu-p11 reduced mitochondrial membrane potential depend on NOX4 

activation. 

(A-B) JC-1 (mitochondrial membrane potential probe) staining showed that neu-p11 

decreased mitochondrial membrane potential. Nox4 specific inhibitor GKT137831 

attenuated mitochondrial membrane potential reduction on Neu-p11-treated chordoma 

cells. 

(C) Representative image of JC-1 staining on U-CH1 cells. 

Scale bar = 50μm in (C). Data in (A) and (B) are presented as mean ± SEM. n = 6, *P 

< 0.05. 
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Fig.8 Neu-p11 induced mitochondrial structure damage depend on NOX4 

activation. 

(A) Transmission electron microscopy (TEM) confirmed that the mitochondria in the 

neu-p11 treatment chordoma cells were swollen, the matrix density was decreased, and 

the mitochondrial crest was disturbed and disappeared. Nox4 specific inhibitor 

GKT137831 reduced mitochondrial structure damage. 

Scale bar = 2μm in (A). 
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Fig.9 GKT137831 inhibited NOX4 translocation to mitochondria and the contact 

between NLRP3 and mitochondria in Neu-p11-treated chordoma cells. 

(A-D) Western blot analysis of the expression of NOX4 and NLRP3 in mitochondrial 

in different groups. Neu-p11 increased NOX4 translocation to mitochondria and the 

contact between NLRP3 and mitochondria. GKT137831 inhibited the effect of Neu-

p11. 

Data in (C) and (D) are presented as mean ± SEM. n = 5, *P < 0.05. 
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Fig.10 GKT137831 attenuated the activation of inflammatory body, Caspase-1 

activation and increased PARP expression of chordoma cells caused by Neu-p11, 

and inhibit the cytotoxic effect of Neu-p11 on chordoma. 

(A-E) Western blot analysis of the expression of NLRP3, pro-Caspase-1, Cleaved-

Caspase-1 and PARP in different groups. Neu-p11 increased the activation of 
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inflammatory body, Caspase-1 activation and increased PARP expression of chordoma 

cells. GKT137831 inhibited the effect of Neu-p11. 

(F-G) GKT137831 inhibit the cytotoxic effect of Neu-p11 on chordoma. 

(H-I) GKT137831 inhibit the increased Caspase-1 activity of Neu-p11 on chordoma. 

Data in (C), (D), (E), (F), (G), (H) and (I) are presented as mean ± SEM. n = 5, *P < 

0.05. 
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