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1. Abstract 

Background:Hepaticinflammationandinflammasome-me- diated 

mechanisms are involved in the pathogenesis of Hepato- cellular 

Carcinoma (HCC), and Absent in Melanoma 2 (AIM2) 

triggersactivationoftheinflammasomecascade.Untilnow,itre- 

mains unclear whether and how AIM2 plays a role in HCC and 

RadiofrequencyAblation (RFA). This study aimed to investigate 

whether RFA induces pyroptosis in HCC through AIM2-inflam- 

masome signaling in vivo and in vitro. 

Methods: BALB/c nude mice were used to generate HepG2 or 

SMMC-7721 cell-derived tumor xenografts. HCC cells with 

knockout or overexpression ofAIM2 were created for functional 

and mechanistic studies. 

Results:We found that RFAsignificantly suppressed the tu- 

morgrowthinmicebearingHCCxenografts.Flowcytometryanal- ysis 

revealed that RFA induced pyroptosis. Furthermore, AIM2, 

NLRP3, caspase-1, γ-H2AX, and DNA-PKc had significantly 

greaterexpressionlevelsinthelivertissuesfrommicetreatedwith 

RFAversusthoseofthecontrols.Inparallel,theexpressionlevels of 

Interleukin (IL)-1β and IL-18 were significantly greater in the 

HepG2andSMMC-7721cell-derivedxenograftmicetreatedwith 

RFAcomparedtothosewithoutreceivingRFA.Ofnote,agreater 

effectwasachievedintheRFAcompleteablationgroupversusthe 

partialablationgroup.Moreover,studiesincelllineswithknock- 

outoroverexpressionofAIM2demonstratedthatAIM2exerteda role 

in RFA-induced pyroptosis. 

Conclusion: The findings of this study indicate that RFA 

suppresses tumor growth through inducing pyroptosis and 

that AIM2-

mediatedpyroptosisisanimportantcelldeathmechanism. 

Therefore, intervention ofAIM2-mediated inflammasome 

signal- ing may assist in improving RFA treatment for HCC. 

2. Introduction 

Hepatocellular Carcinoma (HCC) is among the most common 

malignancies and a leading cause of cancer-related deaths glob- 

ally [1]. It has been noted that the majority of HCC cases occurin 

Asian countries [2]. For instance, in China, the incidence of HCC 

is considerably high, accounting for approximately 50% of all 

newly diagnosed HCC cases across the world, and can be at- 

tributed to the particularly high prevalence of chronic Hepatitis B 

Virus (HBV) infection [2-4]. In fact, HBV and Hepatitis C Virus 

(HCV) are common causes of chronic hepatitis and progressive- 
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mechanisms underlying HCC remain to be elucidated, hepatic in- 

flammation and inflammasome-mediated molecular mechanisms 

havebeenproposedtoplayaroleinthepathogenesisofHBV-and 

HCV-related HCC; in addition, HCC is considered an inflamma- 

tion-relatedmalignancy[5-8].OfthecurativetreatmentsforHCC, 

RadiofrequencyAblation (RFA) has emerged as an effective and 

safe treatment for patients with a small-sized tumor, usually 3cm 

or less in diameter. In comparison with traditional hepatic resec- 

tion and liver transplantation, RFAhas been associated with less 

invasiveness and a shorter hospital stay. Despite the advantages 

and increasing application of RFA in the treatment of HCC, the 

molecular mechanisms underlying the action of RFAare not well 

understood. 

Absent in Melanoma 2 (AIM2) is a cytosolic receptor in the py- 

rin and HIN domain-containing protein family [9, 10].AIM2 has 

beenshowntosenseandbindtodouble-strandedDNAandtoap- 

optosis-associatedspeck-likeprotein,thustriggeringactivationof the 

inflammasome signaling cascade and orchestrating assembly of 

the AIM2 inflammasome [11-13]. Activation of the AIM2 in- 

flammasome, which consists of multiple proteins, represents one 

key aspect of the inflammation pathways. TheAIM2 inflammas- 

ome can activate caspase-1, leading to induction, maturation, and 

release of key proinflammatory cytokines such as interleukin-1β 

(IL-1β) and interleukin-18 (IL-18) [14]. Therefore, theAIM2 in- 

flammasome possesses both proinflammatory and propyroptotic 

propertiestomediatepyroptosis,whichhasbeenimplicatedinthe host 

defense, thus combating microbial invasion, carcinogenesis, 

andcancerprogression.Anumberofpreviousstudieshavereport- 

edthatAIM2expressionisdecreasedinHCCtissuesversushisto- 

logicallynormaltissuesandthatlowerlevelsofAIM2aresignifi- 

cantlycorrelatedwithmoreadvancedHCC.Untilnow,itremains 

largely unknown whether and howAIM2 plays a role in HCC. In 

addition,whetherandhowAIM2exertsaroleinthemechanismof 

action of RFA for HCC has not yet been explored. 

In the present study, we aimed to investigate the roles of AIM2in 

HCC and the action of RFAfor the treatment of HCC in mice 

with xenograft tumors as well as in hepatoma cells. The findings 

obtained through conducting this study may offer a better under- 

standingofthebiologicalfunctionofAIM2,theAIM2inflammas- 

ome, and pyroptosis in HCC, thereby assisting in improving RFA 

treatment for HCC. 

3. MaterialsandMethods 

 ExperimentalAnimals 

BALB/cnudemice(4–6weeksold)werepurchasedfromJiangsu 

SynthgeneBiotechnologyCo.,Ltd.(Nanjing,Jiangsu,China).The 

mice were housed under controlled conditions and were allowed 

tap water ad libitum throughout the period of the animal experi- 

ments. To establish the HepG2 and SMMC-7721 cell-derived tu- 

mor xenograft animal models, BALB/c nude mice were subcuta- 

neouslyinjectedwithHepG2cells(1×107cellssuspendedin100 

µLof serum-free RPMI1640 medium) or SMMC-7721 cells (1 × 

107cellssuspendedin100µLofserum-freeRPMI1640medium). 

HepG2 or SMMC-7721 cell-derived xenograft nude mice were 

randomlyassignedtoreceiveRFAcompleteablation,RFApartial 

ablation,ornoablationasacontrol(nonablation).Fourweeksfol- 

lowingthetreatment,themicewereanesthetizedandsacrificedby 

cervical dislocation, and the tumors were collected. The weights 

and volumes of the excised tumors were analyzed. 

The study involving experimental mice was reviewed and ap- 

proved by the Ethics Committee of Changzhou First People’s 

Hospital (Approval No. 2018-025).All methods were carried out 

in accordance with the local institutional and national guidelines 

and regulations. In addition, they were performed in compliance 

withtheinternationalregulationsfortheuseoflaboratoryanimals. 

 RFA 

HepG2 or SMMC-7721 cell-derived xenograft nude mice were 

treatedwith RFAusing a Cool-tipTMRFAElectrodekit (Covidien 

IIc, Mansfield, MA, USA), according to the manufacturer’s pro- 

tocol. For the in vitro study, RFAwas performed using a thermal 

needle to treat SMMC-7721 cells. 

 Histology 

Tumor tissues of the HepG2 and SMMC-7721 cell-derived xeno- 

graftnudemicewerefixed,paraffin-embedded,andcutinto2-μm- 

thick sections.After staining with hematoxylin and eosin (H&E), 

the slides were examined by light microscopy. 

 Immunohistochemistry 

Immunohistochemical analysis was carried out to assess the pro- 

teinexpressionofAIM2,NLRP3,andcaspase-1inthelivertissues 

from HepG2 and SMMC-7721 cell-derived xenograft nude mice 

treatedwithorwithoutRFA.Thelivertissueswerecollected,fixed 

in10%formalin,andembeddedinparaffin.Theparaffinsections 

ofthelivertissueswerehydrated,andtheslideswerethenincubat- 

edwithprimaryantibodies,includingthosetargetingAIM2(Bioss 

Antibodies, Beijing, China), NLRP3 (Abcam, Cambridge, UK), 

and caspase-1 (Abcam, Cambridge, UK), at 4 °C overnight. The 

resulting slides were then incubated with 3,3′-diaminobenzidine 

(DAB), a substrate for horseradish peroxidase using a DAB Per- 

oxidaseSubstratekit,accordingtothemanufacturer’sinstructions 

(VectorLaboratories,Burlingame,CA,USA).Imagesweretaken 

byanOlympusdigitalelectronmicroscope(Olympus,Tokyo,Ja- 

pan).Theimmunoreactivitiesoftheimmunohistochemicalimages 

were evaluated for each slide. 

 Cell Culture 

Twohumanhepatocellularcarcinomacelllines,includingHepG2 and 

SMMC-7721, were obtained from Shanghai Binsui Biotech- 

nology (Shanghai, China) and used for the in vitro studies. The 

HepG2andSMMC-7721cellswereculturedinRPMI1640medi- um 

(Hyclone, Marlborough, MA, USA) supplemented with 10% 

(v/v)fetalbovineserum,100µg/mLstreptomycin,and100units/ 
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mLpenicillin. 

 OverexpressionandKnockoutofAIM2 

ThepcDNA3.1vectorwasusedtoconstructtheexpressionvector 

(OS-AIM2)byinsertingthecDNAsequenceencodingAIM2.The 

successful construction of the expression vector OS-AIM2 was 

verified by sequencing. SMMC-7721 cells were transfected with 

OS-AIM2foroverexpressionofAIM2usingLipofectamine2000 

Reagent (Invitrogen, Carlsbad, CA, USA). Silencing of AIM2 

wasachievedbyCRISPR/Cas-9geneeditingofthe AIMgene in 

SMMC-7721 cells. SMMC-7721 cells were transfected with 

CRISPR/Cas-9-AIM2forknockoutofAIM2usingLipofectamine 

2000 Reagent (Invitrogen, Carlsbad, CA, USA). 

 LactateDehydrogenaseReleaseAssay 

Cellulardamagewasmeasuredbyalactatedehydrogenase(LDH) 

release assay in which the LDH levels in the cell culture superna- 

tant of SMMC-7721 cells were determined using an LDH release 

assaykit(Abcam,Cambridge,UK),accordingtothemanufactur- er’s 

instructions. 

 FlowCytometryAnalysisofPyroptotic Cells 

Pyroptosis was measured on a flow cytometer (Becton, Dickin- 

son and Company, Franklin Lakes, NJ, USA). Fluorescent-labe- 

led inhibitors of caspase (FLICA) probe assays (AAT Bioquest, 

Sunnyvale,CA,USA)wereconductedtoexaminethepyroptosis, 

accordingtothemanufacturer’sinstructions.Pyroptoticcellswere 

specificallystainedbyFAM-FLICA-caspase-1andpropidiumio- 

dide staining. 

 Enzyme-LinkedImmunosorbentAssay(ELISA) 

ELISAwascarriedouttodeterminetheserumlevelsofIL-1βand IL-18 

in HepG2 and SMMC-7721 cell-derived xenograft nude mice 

treated with or without RFA as well as in the cell culture 

supernatantofSMMC-7721cellsusingELISAkits(Abcam,Cam- 

bridge, UK), according to the manufacturer’s instructions. 

Real-TimeQuantitativeReverseTranscription–Polymer- ase 

Chain Reaction (qRT-PCR) 

Total RNA was extracted from SMMC-7721 cells using TRIzol 

(Invitrogen, Waltham, MA, USA). The total RNA samples were 

transcribed into cDNA, according to the manufacturer’s instruc- 

tions.qRT-PCRwascarriedouttomeasurethemRNAexpression of 

target genes (pyroptosis-related genes).The mRNAexpression 

ofβ-actinwasusedasaninternalcontrol.TherelativemRNAlev- els of 

target genes were obtained by using the 2-ΔΔCt method, with all 

assays performed in triplicate. Fold-change values were 

calculatedbycomparativeCtanalysisafternormalizationtoβ-ac- tin. 

The primers used in the qRT-PCR analysis were as follows: 

AIM2, forward primer: 5ʹ-ATCAGGAGGCTGATCCCAAA-3ʹ; 

reverse primer: 5ʹ-TCTGTrCAGGCTTAACATGAG-3ʹ; β-actin, 

forwardprimer:5ʹ-GGCACCACACCTTCTACAATG-3ʹ,reverse 

primer: 5ʹ-TAGCACAGCCTGGATAGCAAC-3ʹ. 

 WesternBlotAnalysis 

Western blot analysis was performed to examine the hepatic pro- 

tein levels of AIM2 as well as the key inflammasome- and py- 

roptosis-related proteins, such as NLRP3 (Abcam, Cambridge, 

UK), caspase-1 (Abcam, Cambridge, UK), γ-H2AX (Abcam, 

Cambridge, UK), and DNA-PKc (Sangon Biotech, Shanghai, 

China). The protein expression of glyceraldehyde-3-phosphate 

dehydrogenase (GAPDH) was used as a loading control. In brief, 

30–50 µg of total protein was separated on 4–15% sodium do- 

decyl sulfate–polyacrylamide gels. After electrophoretic transfer 

onto ImmunBlot polyvinylidene difluoride membranes, the re- 

sulting membranes were blocked with phosphate-buffered saline 

containing 5% nonfat dry milk and 0.1% Tween-20, followed by 

incubation with primary antibody overnight at 4 ºC. The mem- 

branes were then incubated with secondary antibodies (dilution, 

1:10,000) at room temperature for 1 h. An imaging system was 

usedtodeterminetherelativeopticaldensityofeachspecificband in 

the western blot analysis. 

 StatisticalAnalysis 

StatisticalanalysiswasconductedwithSPSSsoftwareversion 

16.0 for Windows (SPSS, Chicago, IL, USA). All experiments 

included at least triplicate samples for each treatment group, and 

data were expressed as the mean ± Standard Deviation (SD). For 

theimmunohistochemistryandwesternblotresults,representative 

imagesarepresented.AnalysisofVariance(ANOVA)wasapplied 

tocomparemeansofmultiplegroups.P<0.05indicatedasignifi- cant 

difference between groups. 

4. Results 

RFA Suppressed Tumor Growth in Subcutaneous Xeno- 

graft Nude Mice 

We initially assessed the effects of RFAon in-vivo tumor growth 

insubcutaneousxenograftnudemice.AsshowninFigure1.A–B, 

HepG2andSMMC-7721cell-derivedxenografttumorsgrewpro- 

gressively in the control nude mice without the RFAtreatment as 

a control, whereas RFAtreatment markedly suppressed the tumor 

growthasdemonstratedbythesignificantlysmallertumorsizeand the 

lower tumor weight compared with those of the controls after 

four weeks of treatment. It was also noted that the mean tumor 

sizes were significantly smaller and the tumor weights were sig- 

nificantlylowerintheHepG2andSMMC-7721cell-derivedxen- 

ograftnudemicetreatedwithcompleteRFAablationthaninthose 

treatedwithpartialRFAablationafterfourweeksoftreatment(P< 

0.05)(Figure1A–B).Theresultsalsoindicatedthattheinhibitory 

effectsonthein-vivotumorgrowthweregreaterintheHepG2and 

SMMC-7721 cell-derived xenograft nude mice treated with com- 

plete RFAthan in those treated with partial RFAablation (Figure 

1A–B).Consistentwiththechangesinthetumorsizeandweight, 

H&Estainingoftumorsectionsrevealedasignificantreductionin 

thenumberoftumorcellsintheHepG2andSMMC-7721cell-de- 

rivedxenograftnudemicetreatedwithcompleteorpartialRFA 



Volume10Issue11-2023 ResearchArticle 

5 http://www.acmcasereports.com/ 

 

 

ablation,comparedwiththecontrolmice(Figure1C).Inaddition, flow 

cytometry analysis showed that the percentages of pyroptot- ic 

cells were 12.62%, 10.75%, and 5.49% (HepG2) and 26.42%, 

9.84%,and3.53%(SMMC-7721)inthecomplete,partial,andno 

RFAablationgroups,respectively(Figure1D).Statisticalanalysis 

indicated that the proportion of pyroptotic cells was significantly 

increased in the tumor cells of the subcutaneous xenograft nude 

micetreatedwithRFApartialorcompleteablation,comparedwith no 

RFA ablation as a control (P < 0.01) (Figure 1D). Moreover, 

therewasasignificantlygreatereffectintheRFAcompeteablation 

group compared with the partial ablation group (P < 0.01). 
 

 

Figure 1: Inhibitory effects of radiofrequency ablation (RFA) on xenotransplant tumor growth in subcutaneous xenograft nude mice. HepG2 and 

SMMC-7721 cell-derived xenograft nude mice were used to examine the effects of RFA on tumor growth, and the mean tumor sizes and weights 

were analyzed in the following three groups: No ablation as a control (Nonablation), RFApartial ablation, and RFAcomplete ablation. (A) HepG2 

cell-derived xenograft nude mice. Four weeks after RFApartial or complete ablation, the tumor growth was significantly suppressed as indicated by 

thesmallertumorsizeandlowertumorweightcomparedwiththecontrolmicewithoutRFAtreatment.(B)SMMC-7721cell-derivedxenograftnude 

mice.FourweeksafterRFAcompleteablation,thetumorgrowthwassignificantlysuppressedasindicatedbythesmallertumorsizeandlowertumor 

weightcomparedwiththecontrolmicewithoutRFAtreatment.(C)HistologicalfindingsoftumorsectionsfromHepG2andSMMC-7721cell-derived 

xenograftnudemice.HematoxylinandeosinstainingofthetumorsectionsrevealedasignificantreductioninthenumberoftumorcellsintheHepG2 andSMMC-

7721cell-derivedxenograftnudemicetreatedwithcompleteorpartialRFAablationcomparedwiththecontrolmice.(D)Flowcytometry analysis of pyroptotic 

cells in subcutaneous xenograft nude mice treated with complete or partial RFAablation in comparison with the control mice. Data are presented as 

the mean ± SD, and P< 0.05 indicated a significant difference between groups. *P<0.05; ***P<0.001. 

 RFAInducedPyroptosisinSubcutaneousXenograftNude 

Mice 

GiventheinhibitoryeffectsofRFAontumorgrowth,wenextas- sessed 

pyroptosis in subcutaneous xenograft nude mice at differ- ent 

time points after RFA treatment. Immunohistochemistry and 

westernblotanalysiswereperformedtoexaminethekeyproteins 

involvedintheinflammasomeandinpyroptosisinthelivertissues 

from the HepG2 and SMMC-7721 cell-derived xenograft nude 

mice. The immunohistochemistry results showed that the protein 

levels of AIM2, NLRP3, and caspase-1 were significantly great- 

er in the liver tissue sections from the HepG2 and SMMC-7721 

cell-derivedxenograftnudemicetreatedwithRFApartialorcom- 

pleteablation,comparedwiththoseinthecontrolgroup(P<0.05) 

(Figure2A–B).Inaddition,agreatereffectofRFAontheprotein 

expression ofAIM2, NLRP3, and caspase-1 was observed in the 

HepG2andSMMC-7721cell-derivedxenograftnudemicetreated 

with RFA complete ablation in comparison with partial ablation 

(Figure2A–B).Westernblotanalysisrevealedsimilarfindingsto the 

immunohistochemistry results. Additionally, the mRNA and 

proteinlevelsofγ-H2AXandDNA-PKcweresignificantlygreater in 

the HepG2 and SMMC-7721 cell-derived xenograft nude mice 

treated with RFApartial or complete ablation versus no RFAab- 

lation (P< 0.05) (Figure 2C–F), and a greater effect was found in 

theRFAcompleteablationgroupversusthepartialablationgroup 

(Figure 2C–F). 

The mean levels of serum IL-1β and IL-18 were significantly 

greater in the HepG2 and SMMC-7721 cell-derived xenograft 

nudemicetreatedwithRFApartialorcompleteablationafterfour 

weeks of treatment (P< 0.05) (Figs. 3A–B). Notably, there was a 

greatereffectofRFAontheserumlevelsofIL-1βandIL-18inthe 

HepG2andSMMC-7721cell-derivedxenograftnudemicetreated 

withRFAcompleteablationincomparisonwiththosetreatedwith 

partial ablation (Figure 3). 
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Figure 2: The levels of inflammasome- and pyroptosis-related molecules before and after radiofrequency ablation (RFA) in subcutaneous xenograft 

nude mice. HepG2 and SMMC-7721 cell-derivedxenograft nude micewere treatedwith RFApartialablation,FRAcompleteablation,or no ablation as a 

control (Nonablation).After 4 weeks, the liver tissues were collected for subsequent analysis.Immunohistochemical analysis of inflammasome 

proteinsbeforeandafterRFAin(A)HepG2cell-derivedxenograftnudemiceand(B)SMMC-7721cell-derivedxenograftnudemice.HepaticAIM2, 

NLRP3,caspase-1,γ-H2AX,andDNA-PKc(C)mRNAand(D)proteinexpressionlevelsinHepG2cell-derivedxenograftnudemice.HepaticAIM2, 

NLRP3,caspase-1,γ-H2AX,andDNA-PKc(E)mRNAand(F)proteinexpressionlevelsinSMMC-7721cell-derivedxenograftnudemice.Thehepat- 

icAIM2,NLRP3,caspase-1,γ-H2AX,andDNA-PKcmRNAandproteinexpressionlevelsweresignificantlygreaterintheHepG2andSMMC-7721 cell-

derivedxenograftnudemicetreatedwithRFApartialorcompleteablationversusnoRFAablation,andthereweregreatereffectsontheseprotein 

levelsintheRFAcompleteablationgroupversusthepartialablationgroup.Dataareexpressedasthemean±SD.P<0.05indicatedasignificantdif- ference 

between groups. *P<0.05; **P<0.01; ***P<0.001. 
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Figure3:SerumlevelsofIL-1βandIL-18beforeandafterradiofrequencyablation(RFA)insubcutaneousxenograftnudemice.Theserumlevelsof IL-1βandIL-

18wereexaminedbyELISAin(A)HepG2cell-derivedxenograftnudemiceand(B)SMMC-7721cell-derivedxenograftnudemiceafter 

4weeksofRFApartialablation,FRAcompleteablation,ornoablation.Dataareexpressedasthemean±SD.P<0.05indicatedasignificantdifference between 

groups. *P<0.05; **P<0.01; ***P<0.001. 

AIM2 Exerted a Role in RFA-Induced Pyroptosis in 

Hepatoma Cells 

Intriguedbytheanimalstudyfindings,wefurtherinvestigatedthe 

biological role ofAIM2 in RFA-induced pyroptosis in hepatoma 

SMMC-7721 cells.Acell proliferation assay revealed that down- 

regulation of AIM2 enhanced the proliferation of SMMC-7721 

cells in a time-dependent manner (Figure 4A); by contrast, over- 

expression of AIM2 attenuated the proliferation of SMMC-7721 

cells in a time-dependent manner (Figure 4B). In addition, expo- 

suretoRFAresultedinamarkedincreaseinLDHreleaseincom- 

parison with no RFA treatment. Furthermore, overexpression of 

AIM2withLv-AIMenhancedtheLDHreleasecomparedwiththe 

control SMMC-7721 cells (Figure 4C). 

Pyroptosis is a form of programmed cell death that can affect tu- 

morcellproliferation.Therefore,weexaminedtheeffectsofRFA 

onpyroptosisinhepatomaSMMC-7721cellswithoverexpression or 

silencing of AIM2. Flow cytometry assays showed that RFA 

induced pyroptosis compared with no RFA(Fig. 5A).Additional- 

ly, overexpression ofAIM2 with Lv-AIM2 enhanced pyroptosis, 

whereassilencingofAIM2withshAIM2diminishedpyroptosisin 

SMMC-7721 cells (Figure 5A). 

qRT-PCRrevealedthatthehepaticγ-H2AXandDNA-PKcmRNA 

levelsweresignificantlygreaterintheSMMC-7721cellstreat- 

ed with RFAversus those not treated with RFA. Moreover, over- 

expression of AIM2 increased hepatic γ-H2AX and DNA-PKc 

mRNA expression, while silencing of AIM2 led to a decrease in 

the hepatic γ-H2AX and DNA-PKc mRNAlevels in the SMMC- 

7721cells(Figure5B).Similarly,thewesternblotresultsshowed that 

the hepatic γ-H2AX, DNA-PKc, and caspase-1 levels were 

significantly greater in the SMMC-7721 cells treated with RFA 

versusthosenottreatedwithRFAandthatoverexpressionofAIM2 

increased hepatic γ-H2AX and DNA-PKc protein expression; by 

contrast, silencing of AIM2 suppressed the hepatic γ-H2AX and 

DNA-PKc protein levels in SMMC-7721 cells (Figure 5C). 

Furthermore, RFA treatment caused increases in hepatic IL-1β 

andIL-18mRNAexpressioninSMMC-7721cellsaswellaspro- 

teinexpressioninthecellculturesupernatant(Figure6).Notably, 

SMMC-7721 cells with overexpression of AIM2 exhibited dra- 

maticincreasesinbothhepaticIL-1βandIL-18mRNAexpression as 

well as protein expression in the cell culture supernatant. In 

contrast, silencing of AIM2 in SMMC-7721 cells inhibited both 

hepatic IL-1β and IL-18 mRNAexpression as well as protein ex- 

pressioninthecellculturesupernatant(Figure6).Consistentwith 

thechangesinhepaticIL-1βandIL-18mRNAexpression,thepro- tein 

levels in the cell culture supernatant were also altered. These 

resultswereinagreementwithAIM2exertingabiologicalrolein RFA-

induced pyroptosis in HCC. 
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Figure 4: Effects of silencing or overexpression ofAIM2 on the proliferation of SMMC-7721 cells and LDH release.Aproliferation assay showed the 

effects of (A) silencing or (B) overexpression ofAIM2 on the cell viability of SMMC-7721 cells. Silencing ofAIM2 withAIM2-specific shRNA 

(shAIM)enhancedtheproliferationofSMMC-7721cellscomparedwiththescrambledshRNAcontrol.Bycontrast,overexpressionofAIM2withLv- 

AIMattenuatedtheproliferationofSMMC-7721cellsincomparisonwiththenonspecificcontrol(NC).Alactatedehydrogenase(LDH)releaseassay 

revealed(C)theeffectsofsilencingoroverexpressionofAIM2onthesupernatantLDHactivitywithorwithoutexposuretoRFA.Dataareexpressed as the mean 

± SD. P < 0.05 indicated a significant difference between groups. 
 

 
Figure 5: Effects of overexpression and silencing of AIM2 on radiofrequency ablation (RFA)-induced pyroptosis and pyroptosis-related 

moleculesinSMMC-7721cells.(A)EffectsofoverexpressionandsilencingofAIM2onradiofrequencyablation(RFA)-inducedpyroptosis.Pyroptosiswasde- 

termined by flow cytometry. Overexpression ofAIM2 with Lv-AIM induced the pyroptosis of SMMC-7721 cells in comparison with the nonspecific 

control (NC). By contrast, silencing ofAIM2 withAIM2-specific shRNA(shAIM) inhibited the pyroptosis of SMMC-7721 cells compared with the 

scrambled shRNA control. (B) RT-PCR analysis of the effects of overexpression and knockout of AIM2 on the mRNA levels of pyroptosis-related 

moleculesbeforeandafterRFAinSMMC-7721cells.(C)WesternblotanalysisoftheeffectsofoverexpressionandknockoutofAIM2ontheprotein levels of 

pyroptosis-related molecules before and after RFA in SMMC-7721 cells. 



Volume10Issue11-2023 ResearchArticle 

9 http://www.acmcasereports.com/ 

 

 

 

 

 
Figure 6: Effects of overexpression and silencing ofAIM2 on the cytokine levels in SMMC-7721 cells and in the cell culture supernatant. qRT-PCR 

analysis was conducted to measure the mRNAexpression levels of IL-1β and IL-18, and ELISAwas performed to determine the serum levels of IL- 

1βandIL-18inthecellculturesupernatantofSMMC-7721cells.(A)TheeffectsofoverexpressionofAIM2withLv-AIM2onthecytokinelevelsin SMMC-7721 

cells and in the cell culture supernatant. (B) The effects of silencing ofAIM2 with Lv-shAIM2 on the cytokine levels in SMMC-7721 cells and in the 

cell culture supernatant. 

5. Discussion 

Themajornovelfindingsofthisstudyaresummarizedasfollows: 

[1]RFAtreatmentsignificantlyinhibitedtumorgrowthinBALB/c 

nudemicebearingHepG2orSMMC-7721cell-derivedxenografts 

comparedwiththecontrolsnotreceivingRFA(Figure1).[2]RFA 

induced pyroptotic cell death of HepG2 or SMMC-7721 cells in 

the xenograft nude mice, as evidenced by the fact that the levels 

ofAIM2,NLRP3,caspase-1,γ-H2AX,andDNA-PKcintheliver 

tissues were significantly elevated in the mice treated with RFA 

versusthoseofthecontrols(Figure2);theserumlevelsIL-1βand IL-18 

were significantly greater in the HepG2 or SMMC-7721 cell-

derived xenograft mice treated with RFA compared to those 

notreceivingRFA(Figure3);andgreatereffectswereobservedin 

theRFAcompleteablationgroupversusthepartialablationgroup 

ofxenograftnudemice(Figure2–3).(3)Functionalandmechanis- 

ticstudiesperformedinvitroindicatedthatAIM2exertedadirect 

roleinRFA-inducedpyroptosis;thesefindingsweresupportedby 

studies using knockout or overexpression of AIM2 (Figure 4–6). 

TheseresultssuggestthatRFAsuppressestheinhibitoryeffectsof 

RFAon the proliferation of hepatoma cells involved in the induc- 

tion of pyroptosis through AIM2-inflammasome signaling. 

Ithasbeenwelldocumentedthathepaticinflammationrepresents a 

key event in the development of HCC [6]. The last decade has 

witnessed rapid progress in the understanding of activation of the 

inflammasome in the pathogenesis of HCC. For instance, it has 

been found that AIM2-like receptors are capable of inducing the 

activationofinflammasomesandtherebyfurtheractivatingcaspas- es. 

Once activated, caspases can mediate the generation, matura- 

tion,andsecretionofproinflammatorycytokines,mainlyIL-1β 

and IL-18.As a result, excessive secretion of these inflammatory 

cytokines (e.g., IL-1β and IL-18) ultimately causes a form of cell 

death,referredtoaspyroptosis[15-17].HBVandHCVinfections 

arewellknowncausesofHCC.Infact,nearly90%ofHCCcases 

areassociatedwithchronichepaticinflammation,forwhichHCC 

isagoodexampleofinflammation-relatedcancer[18,19].There- fore, 

inflammasome-associated molecular mechanisms have been a 

major focus in HCC research. In the present study, we found 

thatRFAtreatmentinducedcelldeathintheformofpyroptosisin 

nudemicebearingHepG2orSMMC-7721cell-derivedxenografts as 

well as in hepatoma cells. Our findings further supported that the 

AIM2-activated inflammasome activated caspase-1, through 

which it enhanced the formation and secretion of inflammatory 

cytokines (IL-1β and IL-18) and resulted in pyroptosis. 

Numerous previous studies have shown that the hepatic AIM2 

levels are significantly reduced in HCC samples compared with 

matched histologically normal tissues from the same patients and 

thatalowerAIM2expressionissignificantlycorrelatedwithmore 

advanced HCC [20-22]. In addition, it has been found that low-er 

AIM2 levels are significantly correlated with more advanced 

HCC, poorer tumor differentiation, and greater invasion and me- 

tastasis abilities, suggesting that the loss of AIM2 may contrib- 

ute to the progression of HCC [20, 21]. Moreover, Ma et al. have 

shown that the overexpression of AIM2 significantly suppressed 

the tumor growth in a xenograft mouse model [20]. Furthermore, 

thepotentialroleofAIM2inthedevelopmentofHCChasbeenre- 

centlyinvestigated,andtheresultsdemonstratethatgeneticsilenc- 

ingofAIM2orcaspase-1/11protectsmiceagainsttheoccurrence 

ofHCC[23,24].Ourfindingsareconsistentwiththeseprevious 
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studies. To date, the exact roles ofAIM2 andAIM2-activated in- 

flammasomes in the action of RFA treatment for HCC have not 

been explored. Our results indicate that the inhibitory effects of 

RFA on the proliferation of hepatoma cells may involve the in- 

ductionofpyroptosisthroughAIM2-inflammasomesignaling.We 

postulated that exposure to RFAcan cause cellular damage, trig- 

geringthereleaseofself-DNA,whichcanalsobesensedbyAIM2 

andtherebyleadtotheassemblyandactivationoftheinflammas- ome 

complex in response to RFAbut in the absence of infection. 

Our study may have some potential limitations. For instance, we 

found that AIM2 was markedly elevated in response to RFA in 

the mice bearing HepG2 or SMMC-7721 cell-derived xenografts 

as well as in cell cultures, but the molecular pathways through 

whichAIM2isupregulatedremainunknown.Weproposethat,in the 

absence of infection caused by pathogens, AIM2 may sense 

RFA-associatedDNA,assemble,activatetheinflammasomecom- 

plex, and promote secretion of inflammatory cytokines, thus in- 

ducing pyroptosis. Given that compelling evidence of the actions 

of AIM2 beyond the inflammasome complex has been reported 

[25-30],itwouldbeinterestingtoexplorewhetherAIM2canplay 

aninflammasome-independentroleinHCCandRFAtreatmentfor 

HCC.Furtherin-depthinvestigationsontheunderlyingmolecular 

mechanisms are currently underway in our laboratory. 

6. Conclusions 

Takentogether,wefoundthatRFAsuppressedtumorgrowth,and, 

morenotably,RFAtreatmentinducedpyroptosisinHCC.Inaddi- tion, 

AIM2-mediated activation of inflammasome signaling was 

identified as an important cell death mechanism.Therefore, these 

findings advance our understanding of the biological function of 

AIM2,andinterventionofAIM2-meidatedinflammasomesignal- 

ing may assist in improving RFA treatment for HCC. 

References 

1. YangJD,HainautP,GoresGJ,AmadouA,PlymothA,RobertsLR.Aglobal

viewofhepatocellularcarcinoma:trends,risk,preventionandmanageme

nt. Nat Rev Gastroenterol Hepatol. 2019; 16: 589-604. 

2. LlovetJM,KelleyRK,VillanuevaA,SingalAG,PikarskyE,RoayaieS,etal

.Hepatocellularcarcinoma.NatRevDisPrimers.2021;7:6. 

3. ChenW,ZhengR,BaadePD,ZhangS,ZengH,BrayF,etal.Cancerstatisti

cs in China. CA Cancer J Clin. 2016; 66: 115-132. 

4. AkinyemijuT,AberaS,AhmedM,AlamN,AlemayohuMA,AllenC, et 

al. The burden of primary liver cancer and underlying etiolo-gies 

from 1990 to 2015 at the global, regional, and national 

level:Resultsfromtheglobalburdenofdiseasestudy.JAMAOncol.2017

;3: 1683-1691. 

5. Szabo G, Petrasek J. Inflammasome activation and function in 

liverdisease. Nat Rev Gastroenterol Hepatol. 2015; 12: 387-400. 

6. Galun E. Liver inflammation and cancer: The role of tissue micro-

environment in generating the tumor-promoting niche (TPN) in 

thedevelopment of hepatocellular carcinoma. Hepatology. 2016; 

63:354-356. 

7. Man SM. Inflammasomes in the gastrointestinal tract: infection, can-

cerandgutmicrobiotahomeostasis.NatRevGastroenterolHepatol.201

8; 15: 721-737. 

8. LuanJ,JuD.Inflammasome:Adouble-edgedswordinliverdiseas-es. 

Front Immunol. 2018; 9: 2201. 

9. Lugrin J, Martinon F. The AIM2 inflammasome: Sensor of patho-

gens and cellular perturbations. Immunol Rev. 2018; 281: 99-114. 

10. Wang B,Yin Q.AIM2 inflammasome activation and 

regulation:Astructural perspective. J Struct Biol. 2017; 200: 279-

282. 

11. Jin T, Perry A, Jiang J, Smith P, Curry JA, Unterholzner L, et 

al.Structures of the HIN domain:DNAcomplexes reveal ligand 

bind-ing and activation mechanisms of the AIM2 inflammasome 

andIFI16 receptor. Immunity. 2012; 36: 561-571. 

12. MorroneSR,MatyszewskiM,YuX,DelannoyM,EgelmanE,Sohn 

J. Assembly-driven activation of the AIM2 foreign-dsDNA 

sensorprovidesapolymerizationtemplatefordownstreamASC.NatCo

m-mun. 2015; 6: 7827. 

13. Fernandes-AlnemriT,YuJW,DattaP,WuJ,AlnemriES.AIM2ac-

tivatestheinflammasomeandcelldeathinresponsetocytoplasmicDNA. 

Nature. 2009; 458: 509-513. 

14. HornungV,AblasserA,Charrel-DennisM,BauernfeindF,HorvathG, 

Caffrey DR, et al.AIM2 recognizescytosolic dsDNAand 

formsacaspase-1-

activatinginflammasomewithASC.Nature.2009;458:514-518. 

15. Martinon F, Burns K, Tschopp J. The inflammasome: a 

molecularplatform triggering activation of inflammatory caspases 

and pro-cessing of proIL-beta. Mol Cell. 2002; 10:417-426. 

16. Kayagaki N, Wong MT, Stowe IB, Ramani SR, Gonzalez 

LC,Akashi-Takamura S, et al. Noncanonical inflammasome 

activationby intracellular LPS independent of TLR4. Science. 

2013; 341:1246-1249. 

17. Liu X, Zhang Z, Ruan J, Pan Y, Magupalli VG, Wu H, et al.In-

flammasome-activated gasdermin D causes pyroptosis by 

formingmembrane pores. Nature. 2016; 535: 153-158. 

18. Llovet JM, Zucman-Rossi J, Pikarsky E, Sangro B, Schwartz 

M,Sherman M, et al. Hepatocellular carcinoma. Nat Rev Dis 

Primers.2016; 2: 16018. 

19. RingelhanM,PfisterD,O’ConnorT,PikarskyE,HeikenwalderM.Thei

mmunologyofhepatocellularcarcinoma.NatImmunol.2018;19: 222-

232. 

20. MaX,GuoP,QiuY,MuK,ZhuL,ZhaoW,etal.LossofAIM2ex-pression 

promotes hepatocarcinoma progression through activationof 

mTOR-S6K1 pathway. Oncotarget. 2016; 7: 36185-36197. 

21. Chen SL, Liu LL, Lu SX, Luo RZ, Wang CH, Wang H, et al.HBx-

mediated decrease ofAIM2 contributes to hepatocellular car-

cinoma metastasis. Mol Oncol. 2017; 11: 1225-1240. 

22. Sonohara F, Inokawa Y, Kanda M, Nishikawa Y, Yamada S, 

FujiiT, et al.Association of Inflammasome Components in 

BackgroundLiverwithPoorPrognosisAfterCuratively-

resectedHepatocellularCarcinoma. Anticancer Res. 2017; 37: 293-

300. 

https://pubmed.ncbi.nlm.nih.gov/31439937/
https://pubmed.ncbi.nlm.nih.gov/31439937/
https://pubmed.ncbi.nlm.nih.gov/31439937/
https://pubmed.ncbi.nlm.nih.gov/31439937/
https://pubmed.ncbi.nlm.nih.gov/31439937/
https://pubmed.ncbi.nlm.nih.gov/33479224/
https://pubmed.ncbi.nlm.nih.gov/33479224/
https://pubmed.ncbi.nlm.nih.gov/33479224/
https://pubmed.ncbi.nlm.nih.gov/26808342/
https://pubmed.ncbi.nlm.nih.gov/26808342/
https://pubmed.ncbi.nlm.nih.gov/26808342/
https://pubmed.ncbi.nlm.nih.gov/28983565/
https://pubmed.ncbi.nlm.nih.gov/28983565/
https://pubmed.ncbi.nlm.nih.gov/28983565/
https://pubmed.ncbi.nlm.nih.gov/28983565/
https://pubmed.ncbi.nlm.nih.gov/28983565/
https://pubmed.ncbi.nlm.nih.gov/28983565/
https://pubmed.ncbi.nlm.nih.gov/28983565/
https://pubmed.ncbi.nlm.nih.gov/28983565/
https://pubmed.ncbi.nlm.nih.gov/28983565/
https://pubmed.ncbi.nlm.nih.gov/26055245/
https://pubmed.ncbi.nlm.nih.gov/26055245/
https://pubmed.ncbi.nlm.nih.gov/26055245/
https://pubmed.ncbi.nlm.nih.gov/26566854/
https://pubmed.ncbi.nlm.nih.gov/26566854/
https://pubmed.ncbi.nlm.nih.gov/26566854/
https://pubmed.ncbi.nlm.nih.gov/26566854/
https://pubmed.ncbi.nlm.nih.gov/26566854/
https://pubmed.ncbi.nlm.nih.gov/26566854/
https://pubmed.ncbi.nlm.nih.gov/26566854/
https://pubmed.ncbi.nlm.nih.gov/30185915/
https://pubmed.ncbi.nlm.nih.gov/30185915/
https://pubmed.ncbi.nlm.nih.gov/30185915/
https://pubmed.ncbi.nlm.nih.gov/30185915/
https://pubmed.ncbi.nlm.nih.gov/30185915/
https://pubmed.ncbi.nlm.nih.gov/30319645/
https://pubmed.ncbi.nlm.nih.gov/30319645/
https://pubmed.ncbi.nlm.nih.gov/30319645/
https://pubmed.ncbi.nlm.nih.gov/29247998/
https://pubmed.ncbi.nlm.nih.gov/29247998/
https://pubmed.ncbi.nlm.nih.gov/29247998/
https://pubmed.ncbi.nlm.nih.gov/28813641/
https://pubmed.ncbi.nlm.nih.gov/28813641/
https://pubmed.ncbi.nlm.nih.gov/28813641/
https://pubmed.ncbi.nlm.nih.gov/28813641/
https://pubmed.ncbi.nlm.nih.gov/22483801/
https://pubmed.ncbi.nlm.nih.gov/22483801/
https://pubmed.ncbi.nlm.nih.gov/22483801/
https://pubmed.ncbi.nlm.nih.gov/22483801/
https://pubmed.ncbi.nlm.nih.gov/22483801/
https://pubmed.ncbi.nlm.nih.gov/22483801/
https://pubmed.ncbi.nlm.nih.gov/22483801/
https://pubmed.ncbi.nlm.nih.gov/26197926/
https://pubmed.ncbi.nlm.nih.gov/26197926/
https://pubmed.ncbi.nlm.nih.gov/26197926/
https://pubmed.ncbi.nlm.nih.gov/26197926/
https://pubmed.ncbi.nlm.nih.gov/26197926/
https://pubmed.ncbi.nlm.nih.gov/26197926/
https://pubmed.ncbi.nlm.nih.gov/19158676/
https://pubmed.ncbi.nlm.nih.gov/19158676/
https://pubmed.ncbi.nlm.nih.gov/19158676/
https://pubmed.ncbi.nlm.nih.gov/19158676/
https://pubmed.ncbi.nlm.nih.gov/19158676/
https://www.nature.com/articles/nature07725
https://www.nature.com/articles/nature07725
https://www.nature.com/articles/nature07725
https://www.nature.com/articles/nature07725
https://www.nature.com/articles/nature07725
https://www.nature.com/articles/nature07725
https://www.nature.com/articles/nature07725
https://pubmed.ncbi.nlm.nih.gov/12191486/
https://pubmed.ncbi.nlm.nih.gov/12191486/
https://pubmed.ncbi.nlm.nih.gov/12191486/
https://pubmed.ncbi.nlm.nih.gov/12191486/
https://pubmed.ncbi.nlm.nih.gov/12191486/
https://pubmed.ncbi.nlm.nih.gov/23887873/
https://pubmed.ncbi.nlm.nih.gov/23887873/
https://pubmed.ncbi.nlm.nih.gov/23887873/
https://pubmed.ncbi.nlm.nih.gov/23887873/
https://pubmed.ncbi.nlm.nih.gov/23887873/
https://pubmed.ncbi.nlm.nih.gov/23887873/
https://pubmed.ncbi.nlm.nih.gov/23887873/
https://pubmed.ncbi.nlm.nih.gov/27383986/
https://pubmed.ncbi.nlm.nih.gov/27383986/
https://pubmed.ncbi.nlm.nih.gov/27383986/
https://pubmed.ncbi.nlm.nih.gov/27383986/
https://pubmed.ncbi.nlm.nih.gov/27383986/
https://pubmed.ncbi.nlm.nih.gov/27158749/
https://pubmed.ncbi.nlm.nih.gov/27158749/
https://pubmed.ncbi.nlm.nih.gov/27158749/
https://pubmed.ncbi.nlm.nih.gov/27158749/
https://pubmed.ncbi.nlm.nih.gov/27158749/
https://pubmed.ncbi.nlm.nih.gov/29379119/
https://pubmed.ncbi.nlm.nih.gov/29379119/
https://pubmed.ncbi.nlm.nih.gov/29379119/
https://pubmed.ncbi.nlm.nih.gov/29379119/
https://pubmed.ncbi.nlm.nih.gov/29379119/
https://pubmed.ncbi.nlm.nih.gov/27167192/
https://pubmed.ncbi.nlm.nih.gov/27167192/
https://pubmed.ncbi.nlm.nih.gov/27167192/
https://pubmed.ncbi.nlm.nih.gov/27167192/
https://pubmed.ncbi.nlm.nih.gov/27167192/
https://pubmed.ncbi.nlm.nih.gov/28580773/
https://pubmed.ncbi.nlm.nih.gov/28580773/
https://pubmed.ncbi.nlm.nih.gov/28580773/
https://pubmed.ncbi.nlm.nih.gov/28580773/
https://pubmed.ncbi.nlm.nih.gov/28580773/
https://pubmed.ncbi.nlm.nih.gov/28011505/
https://pubmed.ncbi.nlm.nih.gov/28011505/
https://pubmed.ncbi.nlm.nih.gov/28011505/
https://pubmed.ncbi.nlm.nih.gov/28011505/
https://pubmed.ncbi.nlm.nih.gov/28011505/
https://pubmed.ncbi.nlm.nih.gov/28011505/
https://pubmed.ncbi.nlm.nih.gov/28011505/
https://pubmed.ncbi.nlm.nih.gov/28011505/


Volume10Issue11-2023 ResearchArticle 

11 http://www.acmcasereports.com/ 

 

 

23. Martínez-CardonaC,Lozano-RuizB,BachillerV,PeiróG,Al- 

https://pubmed.ncbi.nlm.nih.gov/30133699/


Volume10Issue11-2023 ResearchArticle 

12 http://www.acmcasereports.com/ 

 

 

gaba-Chueca F, Gómez-Hurtado I, et al. AIM2 deficiency 

reducesthe development of hepatocellular carcinoma in mice. Int J 

Cancer.2018; 143: 2997-3007. 

24. Macek Jilkova Z, Kurma K, Decaens T.Animal models of hepato-

cellular carcinoma:The role of immune system and tumor microen-

vironment. Cancers (Basel). 2019; 11: 1478. 

25. El-Zaatari M, Bishu S, Zhang M, Grasberger H, Hou G, Haley 

H,etal.Aim2-mediated/IFN-β-independentregulationofgastricmeta-

plastic lesions via CD8+ T cells. JCI Insight. 2020; 5: e94035. 

26. FurrerA,HottigerMO,ValapertiA.AbsentinMelanoma2(AIM2)limits

pro-

inflammatorycytokinetranscriptionincardiomyocytesbyinhibiting 

STAT1 phosphorylation. Mol Immunol. 2016; 74: 47-58. 

27. FarshchianM,NissinenL,SiljamäkiE,RiihiläP,PiipponenM,Ki-

visaariA, et al. Tumor cell-specificAIM2 regulates growth and in-

vasion of cutaneous squamous cell carcinoma. Oncotarget. 2017; 

8:45825-45836. 

28. ManSM,ZhuQ,ZhuL,LiuZ,KarkiR,MalikA,etal.CriticalRolefor the 

DNA Sensor AIM2 in Stem Cell Proliferation and Cancer.Cell. 

2015; 162: 45-58. 

29. Wilson JE, PetrucelliAS, Chen L, KoblanskyAA, TruaxAD, Oya-

maY,etal.Inflammasome-

independentroleofAIM2insuppressingcolontumorigenesisviaDNA-

PKandAkt.NatMed.2015;21:906-913. 

30. QiM,DaiD,LiuJ,LiZ,LiangP,WangY,etal.AIM2promotesthedevelop

mentofnon-smallcelllungcancerbymodulatingmitochon-drial 

dynamics. Oncogene. 2020; 39: 2707-2723. 

https://pubmed.ncbi.nlm.nih.gov/30133699/
https://pubmed.ncbi.nlm.nih.gov/30133699/
https://pubmed.ncbi.nlm.nih.gov/30133699/
https://pubmed.ncbi.nlm.nih.gov/30133699/
https://pubmed.ncbi.nlm.nih.gov/30133699/
https://pubmed.ncbi.nlm.nih.gov/31581753/
https://pubmed.ncbi.nlm.nih.gov/31581753/
https://pubmed.ncbi.nlm.nih.gov/31581753/
https://pubmed.ncbi.nlm.nih.gov/31581753/
https://pubmed.ncbi.nlm.nih.gov/31581753/
https://pubmed.ncbi.nlm.nih.gov/32053518/
https://pubmed.ncbi.nlm.nih.gov/32053518/
https://pubmed.ncbi.nlm.nih.gov/32053518/
https://pubmed.ncbi.nlm.nih.gov/32053518/
https://pubmed.ncbi.nlm.nih.gov/32053518/
https://pubmed.ncbi.nlm.nih.gov/27148820/
https://pubmed.ncbi.nlm.nih.gov/27148820/
https://pubmed.ncbi.nlm.nih.gov/27148820/
https://pubmed.ncbi.nlm.nih.gov/27148820/
https://pubmed.ncbi.nlm.nih.gov/27148820/
https://pubmed.ncbi.nlm.nih.gov/27148820/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542230/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542230/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542230/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542230/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542230/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542230/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5542230/
https://pubmed.ncbi.nlm.nih.gov/26095253/
https://pubmed.ncbi.nlm.nih.gov/26095253/
https://pubmed.ncbi.nlm.nih.gov/26095253/
https://pubmed.ncbi.nlm.nih.gov/26095253/
https://pubmed.ncbi.nlm.nih.gov/26095253/
https://pubmed.ncbi.nlm.nih.gov/26107252/
https://pubmed.ncbi.nlm.nih.gov/26107252/
https://pubmed.ncbi.nlm.nih.gov/26107252/
https://pubmed.ncbi.nlm.nih.gov/26107252/
https://pubmed.ncbi.nlm.nih.gov/26107252/
https://pubmed.ncbi.nlm.nih.gov/26107252/
https://pubmed.ncbi.nlm.nih.gov/26107252/
https://pubmed.ncbi.nlm.nih.gov/32005973/
https://pubmed.ncbi.nlm.nih.gov/32005973/
https://pubmed.ncbi.nlm.nih.gov/32005973/
https://pubmed.ncbi.nlm.nih.gov/32005973/
https://pubmed.ncbi.nlm.nih.gov/32005973/

	WangC,WangQandChenW*
	Keywords:
	Abbreviations:
	Copyright:
	Citation:
	1. Abstract
	2. Introduction
	3. MaterialsandMethods
	ExperimentalAnimals
	RFA
	Histology
	Immunohistochemistry
	Cell Culture
	OverexpressionandKnockoutofAIM2
	LactateDehydrogenaseReleaseAssay
	FlowCytometryAnalysisofPyroptotic Cells
	Enzyme-LinkedImmunosorbentAssay(ELISA)
	Real-TimeQuantitativeReverseTranscription–Polymer- ase Chain Reaction (qRT-PCR)
	WesternBlotAnalysis
	StatisticalAnalysis
	4. Results
	RFAInducedPyroptosisinSubcutaneousXenograftNude
	AIM2 Exerted a Role in RFA-Induced Pyroptosis in Hepatoma Cells

	5. Discussion
	6. Conclusions
	References


