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Abstract Absent in melanoma 2 (AIM2) is a recently

recognized cytoplasmic receptor which could sense cyto-

plasmic double-stranded DNA (dsDNA). After AIM2

detects the presence of parasitic nucleic acids (dsDNA)

derived from invasive bacteria or viral genomes (for

example, vaccinia virus and cytomegalovirus) within

infected cells, AIM2 inflammasome could be formed. The

formed AIM2 inflammasome could induce innate immune

response and increase expressions of IL-1b and IL-18.

Hepatitis B virus (HBV) is a hepatotropic, non-cytopathic

double-stranded DNA virus. The immune response to viral

antigens or virus is thought to be responsible for both liver

damage and viral clearance in patients with HBV infection.

However, there are no reports about whether AIM2

inflammasome exists in hepatocytes. In the present study,

we investigated the presence and activity of AIM2

inflammasome in human hepatocytes. We found that AIM2

was expressed in cytoplasm of hepatocytes, and IL-18

expression was increased after AIM2 sensed HBV in

hepatocytes in vitro. These results showed that AIM2

inflammasome was active in hepatocytes. We also found

that hepatic AIM2 expression of chronic hepatitis B (CHB)

patients was higher than that of controls. Hepatic AIM2

expression levels were positively correlated to the severity

of liver inflammation. IL-18 is already considered to be

associated with hepatic injury during HBV infection. In

conclusion, we, therefore, believe that AIM2 inflamma-

some in hepatocytes might play an important role in the

development and maintenance of HBV-related hepatitis.
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Introduction

It is estimated that 2 billion people have been infected with

hepatitis virus B (HBV), and 350–400 million people are

chronic carries of the virus in the world [1, 2]. More than

0.5–1 million people die from HBV-related end stage liver

diseases or HCC every year [2]. HBV infection already

becomes the tenth leading cause of death worldwide [1].

However, the mechanism of pathogenesis after HBV

infection is still not thoroughly been elucidated. The

immune response to viral antigens or virus is thought to be

responsible for both liver damage and viral clearance in

patients with HBV infection, though HBV does not have

directly cytopathic effect on the hepatocytes [3]. However,

how the host immune system senses HBV is not fully

known.
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HBV is a hepatotropic, non-cytopathic DNA virus. Upon

infection of the hepatocytes, the genomic DNA of HBV is

transferred to the cell nucleus, where the partially double-

stranded DNA is converted into covalently closed circular

DNA (cccDNA). Then cccDNA is transcribed into prege-

nomic RNA. Pregenomic RNA enters into cytoplasm and is

reversely transcribed into dsDNA in the cytoplasm of

hepatocytes.

Absent in melanoma 2 (AIM2), a recently recognized

cytoplasmic receptor, could detect the presence of parasitic

nucleic acids derived from invasive bacteria or viral gen-

omes within the infected cells [4]. After AIM2 recognizing

double-stranded DNA (dsDNA), the PYD domain of AIM2

associates with the adapter molecule apoptosis-associated

speck-like protein containing a CARD (ASC). As a result,

AIM2 inflammasome is formed, which could activate cas-

pase-1 [5]. Caspase-1 is responsible for the processing and

secretion of IL-1b [6] and IL-18 [7], and induces a form of

cell death called pyroptosis [8]. Finally, the detection of

cytoplasmic dsDNA by AIM2 triggers inflammatory

responses. Furthermore, it is reported that AIM2 is involved

in the pathogenesis of inflammatory bowel disease [9],

psoriasis [10], and other immune diseases.

It is reported that hepatocytes express ASC [11]. Fur-

thermore, hepatocytes could express TNF-a [12], IL-32

[13], and other inflammatory cytokines or chemokines after

HBV infection. Recently, Han et al. [14] reports that AIM2

expression is increased in HBV-infected liver, and hepatic

AIM2 expression levels are positively correlated with the

expression of caspase-1, IL-18 and liver inflammation in

CHB patients. Taken together, we suggested that AIM2, a

cytoplasmic receptor, might be in involved in the detection

of HBV in hepatocytes and be associated with inflamma-

tory response after HBV infection. So we assayed the

expression of AIM2 and the activity of AIM2 inflamma-

some in hepatocytes in the present study, in order to elu-

cidate whether AIM2 recognized and responded to HBV

in vitro.

Materials and methods

Subjects

Forty-three patients (31 male, 12 female; age range

30–42 years, average 36 ± 5) with chronic HBV infection

were included in this study. Each subject had undergone a

percutaneous liver biopsy at the 3rd Affiliated Hospital,

Sun Yat-sen University, Guangzhou, China. The standards

for diagnoses of CHB have been detailedly described [15,

16]. Patients with antibodies against HIV or other forms of

chronic liver disease were excluded. Five normal non-

HBV-infected liver tissues from macroscopically normal

areas during liver hemangioma resection were used as

controls. The demographic, histological, and biochemical

characteristics of the enrolled 43 CHB patients are sum-

marized in Table 1. The study was approved by the Human

Ethics Committee of The Third Affiliated Hospital, Sun

Yat-sen University, Guangzhou, China. Informed written

consent was obtained from each patient in the study.

Reagents

The antibody against AIM2 was purchased from Santa

Cruz Biotechnology (Santa Cruz, CA). Human IL-18

ELISA kit and human IL-1b ELISA kit were purchased

from R&D systems (R&D, MN). Caspase-1 inhibitor,

Z-YVAD-FMK was purchased from BioVision Incorpo-

rated (BioVision, CA).

Immunohistochemistry and image analysis

Immunohistochemistry was used to assay hepatic AIM2

expression. The relative mean density (integrated optical

density sum/positive area sum) of all the diaminoben-

zidine-stained areas of each photo was measured to deter-

mine hepatic AIM2 expression. Immunohistochemical

staining and image analysis was performed as described

previously in detail [17].

RNA extraction and real-time PCR

AIM2 mRNA expression in liver tissues was assessed by

quantitative real-time PCR. AIM2 specific primers were as

follows [18]: forward primer, 50-TCAAGCTGAAAT
GAGTCCTGC-30, reverse primer, 50-CTTGGGTCTCAAA
CGTGAAGG-30. RNA extraction and real-time PCR were

performed as described previously in detail [17]. The

details were as follows: total RNA of hepatic tissues was

extracted by using TRIzol (TaKaRa). PrimeScriptTM II 1st

Strand cDNA Synthesis Kit was used to synthesize cDNA

(TaKaRa). Subsequently, cDNA was submitted to PCR in

Table 1 The demographic, histological, and biochemical character-

istics of the enrolled 43 patients

Characteristic Patients n = 43

Gender (M/F) 31/12

Age (year) 36 ± 5

Liver inflammation grade (1, 2, 3, 4) 15/14/7/7

Liver fibrosis stage (0, 1, 2, 3, 4) 5/14/13/6/5

ALT (Units/L) 82.5 ± 63.1

Albumin (ALB) (g/L) 41.6 ± 3.5

HBV DNA (Log10 copies per ml) 5.70 ± 2.30

HBeAg status (positive/negative) 28/15
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the presence of the SYBR Premix Ex Taq (TaKaRa) and

real-time PCR detection machine ABI7500 PRISM (Ap-

plied Biosystems, Sunnyvale, CA). The internal control

was the house-keeping gene b-actin. All operations com-

plied with the manufacturer’s protocol.

Cell line and cell culture

HepG2 (human hepatocellular cell line) cells were cultured

in Dulbecco’s modified Eagle medium (DMEM) supple-

mented with 10 % FBS, 100 lg/ml streptomycin, and

100 lg/ml penicillin at 37 �C in a 5 % CO2 incubator.

Transient transfection

HepG2 (human hepatocellular cell line) cells were plated at a

density of 4 9 105 cell per 6-well plate or 24-well plate.

After 24 h, cells were transfectedwith the full-length gene of

HBV (pBlue-HBV) plasmid or the empty plasmid (pBlue-

SK). The construction-containing HBV gene was kindly

provided by Prof. Guanxin Shen (Department of Immunol-

ogy, Tongji Medical College, Huazhong University of Sci-

ence and Technology, Wuhan, People’s Republic of China).

esiRNA targeting human AIM2 (esiRNA1) and esiRNA-

RnLuc (unrelated siRNA, used as control) were purchased

from Sigma-Aldrich (SIGMA, MO). Lipofectamine 3000

was used to transfect plasmid or esiRNA into cells.

ELISA and western blotting

HepG2 cells were transfected with the vector containing

HBV gene. Forty-eight hours later, the culture supernatants

were harvested, and the amounts of IL-1b or IL-18 present

in culture supernatants were measured by ELISA (R&D,

MA) according to the manufacturer’s instructions. Then

HepG2 cells were co-transfected with esiRNA targeting

human AIM2 (esiRNA1) or esiRNA-RnLuc, the vector

containing HBV gene. Forty-eight hours later, the culture

supernatants were harvested and the amounts of IL-1b or

IL-18 present in culture supernatants were measured by

ELSIA. Furthermore, Cytoplasmic proteins were extracted,

and AIM2 protein was detected by Western blotting.

Western blotting was performed as described previously in

detail [13]. Subsequently, HepG2 cells were transfected

with the vector containing HBV gene. Then caspase-1

inhibitor, Z-YVAD-FMK, was added or not added to the

culture, respectively. After 48 h, the amounts of IL-18

present in culture supernatants were measured by ELISA.

Laboratory Tests

Laboratory tests were previously described [19]. In brief,

routine automated analysis system was used to detect liver

biochemistry (Beckman Coulter, CA). Chemiluminescent

micro particle enzyme immunoassay was used to detect

HBV serological markers (Abbott, Chicago, IL).

Statistics

Data were expressed as mean ± SD. The means among

groups were analyzed using student’s t test or one-way

ANOVA. All statistical analyses were performed using

SPSS v17.00 statistical analysis software (SPSS Inc,

Chicago, IL). Differences were considered statistically

significant at a value of P\ 0.05.

Results

AIM2 mRNA expression was increased in liver

tissues of CHB patients

Hepatic AIM2 mRNA expression was detected in each

sample. As shown in Fig. 1a, AIM2 mRNA expression in

liver tissues of CHB patients was significantly higher than

that in controls (P\ 0.05). Moreover, hepatic AIM2

mRNA expression levels were positively correlated to the

severity of liver inflammation. Compared with CHB

Fig. 1 Expression of hepatic AIM2 mRNA in CHB. Compared with

that of controls, hepatic AIM2 mRNA significantly increased in liver

samples of CHB patients (P\ 0.05) (a). As shown in b, hepatic
AIM2 mRNA increased with the severity of liver inflammation

(P\ 0.05)
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Fig. 2 Expression of hepatic AIM2 protein in liver biopsy sections.

AIM2 expression in liver tissues was analyzed by immunohisto-

chemical staining. AIM2 positivity was found nearly in all hepato-

cytes (9200). As shown in b–e, the intensity of immunohistochemical

staining was gradually increased with the severity of liver

inflammation (9200). f, Isotype IgG was used as a negative control

in liver tissues of CHB. Figure 2g showed that relative mean density

of hepatic AIM2 staining in inflammation grade 3/4 was significantly

higher than that of inflammation grade 1 or 2 (P\ 0.05)
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patients with liver inflammation grade 1 or grade 2, hepatic

AIM2 mRNA expression levels were significantly

increased in CHB patients with liver inflammation grade

3/4 (Fig. 1b) (P\ 0.05).

AIM2 protein expression was increased in liver

tissues of CHB patients

As shown in Fig. 2, immunohistochemical staining

demonstrated that the expression of AIM2 protein occurred

nearly in all liver cells, and the localization of AIM2 was in

cytoplasm of hepatocytes. The expression of AIM2 in liver

tissue from CHB patients was higher than that of controls

(Fig. 2). Furthermore, the intensity of hepatic AIM2

staining gradually increased with the severity of liver

inflammation (Fig. 2a–e). Isotype IgG was used as a nega-

tive control in liver tissues of CHB (Fig. 2f). Subsequently,

we used Image-Pro Plus 6.0 software to analyze the relative

mean density of all the diaminobenzidine-stained areas of

each photo. As shown in Fig. 2g, compared with that in

inflammation grade 1 or grade 2, the relative mean density

of hepatic AIM2 staining in inflammation grade 3/4 was

significantly augmented (P\ 0.05).

IL-18 expression was increased after human

hepatocytes were transfected with the plasmid

pBlue-HBV

In order to assay the activity of AIM2 inflammasome,

HepG2 cells were transfected with the plasmid pBlue-HBV

(the full-length gene of HBV). Forty-eight hours later, the

culture supernatants were harvested, HBV DNA levels

were assayed by using real-time PCR and the release of IL-

1b or IL-18 was measured by ELISA. We found that HBV

DNA levels in supernatants of cells transfected with the

plasmid pBlue-HBV were to 103 or[103 copies/ml. HBV

DNA levels was not detected in supernatants of cells

transfected with the empty vector (pBlue-SK). Figure 3a

showed that compared with cells transfected with the

empty vector, the release of IL-18 was significantly

enhanced after these cells were transfected with the plas-

mid pBlue-HBV, but the release of IL-1b was not signifi-

cantly increased. Furthermore, the plasmid pBlue-HBV

induced the release of IL-18 from hepatocytes in a dose-

dependent manner (Fig. 3b).

IL-18 expression was inhibited by esiRNA targeting

human AIM2 (esiRNA1)

To identify that the increased release of IL-18 was medi-

ated by AIM2, different concentrations of esiRNA1, and

the plasmid pBlue-HBV were co-transfected to HepG2

cells. Forty-eight hours later, the culture supernatants were

harvested and the cytoplasmic proteins were extracted,

respectively. The release of IL-18 in the culture super-

natants was measured by ELISA. As shown in Fig. 4a,

inhibition of AIM2 by esiRNA1 reduced the release of IL-

18 from HepG2 cells. AIM2 protein expression in the

cytoplasmic proteins was detected by Western blotting. As

shown in Fig. 4b, AIM2 protein expression was gradually

inhibited by esiRNA1.

Fig. 3 IL-18 release of HepG2 cells after the transfection of the

plasmid pBlue-HBV. After 48 h of transfection, the culture super-

natants were harvested and the amounts of IL-18 (A-a) or IL-1b (A-b)
present in culture supernatants were measured by ELISA. b the

release of IL-18 from HepG2 cells transfected with different

concentrations of the plasmid pBlue-HBV. Results showed that

HBV induced IL-18 expression in a dose-dependent manner. The

results were an experiment that was set up as a triplicate
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IL-18 expression was inhibited by Z-YVAD-FMK

of caspase-1 inhibitor

Caspase-1 is activated by AIM2 inflammasome. The acti-

vated caspase-1 is responsible for the processing and

secretion of IL-18. In order to evaluate the activity of

AIM2 inflammasome, Z-YVAD-FMK, a caspase-1 inhi-

bitor, was added into the cultures when HepG2 cells were

transfected with the plasmid pBlue-HBV. After 48 h, the

culture supernatants were collected and the expression

level of IL-18 was measured by ELISA. As shown in

Fig. 5, the expression of IL-18 decreased in the presence of

caspase-1 inhibitor Z-YVAD-FMK.

Discussion

In this report, we found that hepatic AIM2 expression in

CHB patients was significantly higher than that in controls.

Hepatic AIM2 expression levels were positively correlated

to the severity of liver inflammation. Furthermore, the

activated AIM2 inflammasome triggered IL-18 release in

response to HBV in HepG2 cells. IL-18 is a leukocyte

chemotactic and activating cytokine [20]. IL-18 induces

the expressions of IL-8, TNF-a, and other inflammatory

cytokines [21]. IL-18 is associated with hepatic injury by

increasing FasL expression during HBV infection [22]. So

we think that activation of AIM2 inflammasome in hepa-

tocytes might play an important role in the development

and maintenance of HBV-related hepatitis.

Several researches [23, 24] find that foreign cytoplasmic

dsDNA could induce innate immune response. Recently, it

is reported that AIM2 could bind to vaccinia virus [5] and

cytomegalovirus [25], and trigger innate immune response.

Our results further demonstrated that the sensing of HBV

by AIM2 might induce innate immunity. Both innate

immune response [26] and adaptive immunity [27] are

involved in liver damage after HBV infection. So we

believe that AIM2 might be associated with the develop-

ment and maintenance of HBV-related hepatitis.

It is reported [28] that hepatocytes themselves might

play active role in innate immune response to virus infec-

tion. It is reported that hepatocytes express ASC [11] and

caspase-1 [29]. It is reported [30] that IL-1b could be

expressed by hepatocytes in response to hepatitis C virus

(HCV) infection. The mechanism might be as follows:

NACHT, LRR, and PYD domains-containing protein 3

(NALP3), one of nucleotide-binding-domain leucine-rich-

repeat-containing molecules which could sense RNA in

cytoplasm, was expressed by hepatocytes. The recognition

of HCV by NALP3 might recruit ASC for the assembly of

NALP3-inflammasome complex. The NALP3-inflamma-

some complex activated caspase-1. Then caspase-1 acti-

vated IL-1b. Our results found that AIM2 was expressed in

hepatocytes and the activated AIM2 inflammasome trig-

gered IL-18 release in response to HBV. Taken together, a

new signal pathway, which could sense foreign cytoplas-

mic nucleic acids and induce immune response, might exist

Fig. 4 Inhibition of IL-18 expression from HepG2 cells by esiRNA

targeting human AIM2 (esiRNA1). HepG2 cells were co-transfected

with different concentrations of esiRNA1 and the plasmid pBlue-

HBV. After 48 h, the culture supernatants were harvested and the

cytoplasmic proteins were extracted, respectively. a The release of

IL-18 in the culture supernatants was measured by ELISA. b AIM2

protein expression in the cytoplasmic proteins was detected by

Western blotting. The results were an experiment that was set up as a

triplicate

Fig. 5 Inhibition of IL-18 release from HepG2 cells in the presence

of Z-YVAD-FMK, a caspase-1 inhibitor. Different concentrations of

Z-YVAD-FMK were used to treat HepG2 cells after the transfection

of the plasmid pBlue-HBV. Forty-eight hours later, IL-18 release

from HepG2 cells was assayed by ELISA. The results were an

experiment that was set up as a triplicate
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in hepatocytes and be involved in the pathogenesis of

virus-related hepatitis.

Previous research [22] demonstrates that HBx protein

could induce IL-18 expression in hepatocytes, but the

mechanism of HBx-induced IL-18 expression is still not

elucidated. In the present study, we found that the activated

AIM2 inflammasome triggered IL-18 release in response to

HBV in hepatocytes. This might explain the increased IL-

18 expression after HBV infection. Moreover, our results

could further help us to learn how HBV-related liver injury

occurred after HBV infection.

In the present research, immunohistochemical studies

showed cytoplasmic localization of AIM2 in hepatocytes.

Moreover, hepatic AIM2 expression levels were positively

correlated to the severity of liver inflammation. Our results

were in accordance with the research of Han et al. [14].

However, we also found that the activated AIM2 inflam-

masome triggered IL-18 release in response to HBV in

hepatocytes in vitro. These results further demonstrated

AIM2 might play a vital role in the pathogenesis of HBV-

related hepatitis. In the present study, IL-18 expression

induced by HBV significantly decreased after AIM2 was

interfered by esiRNA1. IL-18 expression was also inhibited

by Z-YVAD-FMK of caspase-1 inhibitor. So we believe

that AIM2 and AIM2 inflammasome might be new

potential targets for prevention and treatment of HBV-

related hepatitis. Next we will investigate roles of AIM2

and AIM2 inflammasome in animal model of hepatitis B.

HBV and proteins encoded by HBV genome could

induce expressions of many proteins, such as IL-32 [13]

and IP-10 [31]. Recently, it is found that AIM2 expression

could be regulated by Neisseria meningitides [32]. In the

present study, we found that the expression of AIM2 in

liver tissue from CHB patients was significantly higher

than that in controls. Taken together, we supposed that

HBV or proteins encoded by HBV genome could regulate

the expression of AIM2. However, the detailed signal

transduction pathway is unknown and needs further

investigation.

In sum, the expression of AIM2 in liver tissues from

CHB patients was significantly higher than that in controls.

Hepatic AIM2 expression levels were positively correlated

to the severity of liver inflammation. Furthermore, the

activated AIM2 inflammasome triggered IL-18 release in

response to pBlue-HBV in HepG2 cells. We, therefore,

believe that AIM2 might play an important role in the

development and maintenance of HBV-related hepatitis.

This might also be mechanism that the body defends itself

against pathogen infection and clears the infected

pathogen.
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