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Abstract

Hepatitis B virus (HBV) is a hepatotropic DNA virus causing hepatic diseases such as

chronic hepatitis, liver cirrhosis, and hepatocellular carcinoma. To study HBV, human

hepatoma HepG2 cells are currently used as an HBV infectious cell culture model

worldwide. HepG2 cells exhibit susceptibility to HBV by exogenously expressing

sodium taurocholate cotransporting polypeptide (NTCP). We herein demonstrated that

human immortalized hepatocyte NKNT-3 cells exhibited susceptibility to HBV by

exogenously expressing NTCP (NKNT-3/NTCP cells). By comparing the cGAS-STING

signaling pathway in several NKNT-3/NTCP cell-derived cell clones, we found that

STING was highly expressed in cell clones exhibiting resistance but not susceptibility

to HBV. High-level expression of STING was implicated in HBV-triggered induction of

type Il IFN and a pro-inflammatory cytokine, IL-6. In contrast, RNAi-mediated

knockdown of STING inhibited type 111 IFN induction and restored the levels of HBV

total transcript in an HBV-infected cell clone exhibiting resistance to HBV. These

results suggest that STING regulates susceptibility to HBV by its expression levels.
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STING may thus be a novel target for anti-HBV strategies.

Introduction

Hepatitis B virus (HBV) is a hepatotropic virus classified into the Hepadnaviridae

family. HBV infection causes chronic hepatitis, liver cirrhosis, and finally

hepatocellular carcinoma (HCC) [1, 2]. The progression of hepatic diseases is tightly

associated with the HBV-triggered host innate immune response and inflammatory

response. To prevent the progression of hepatic diseases, it is important to suppress the

HBV-triggered host innate immune response and inflammatory response.

The cytoplasmic DNA sensor, cyclic GMP-AMP synthetase (CGAS), is known to

recognize viral DNA and other non-self exogenous DNAs as pathogen-associated

molecular patterns (PAMPS) [3, 4]. After the recognition of non-self exogenous DNA,

CGAS produces cyclic GMP-AMP (cGAMP) and then uses cGAMP to activate a

stimulator of interferon genes (STING). STING mediates activation of the transcription

factor interferon regulatory factor 3 (IRF-3) and subsequently the induction of interferon

(IFN)-B (type I IFN) [5], IFN-A1, A2, and A3 (type Il IFN) [6]. Both type | and type Il
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IFNs stimulate the induction of numerous IFN-stimulated genes (ISGs) such as ISG15

and 1SG56 through the JAK-STAT signaling pathway [7]. On the other hand, STING

also mediates the induction of pro-inflammatory cytokines such as IL-6 and IL-8

through the NF-xB signaling pathway [8, 9]. As described here, both cGAS and STING

are required for the innate immune response and inflammatory response. We previously

reported that cGAS recognized HBV DNA and subsequently triggered an innate immune

response in human hepatoma Li23 cells [10]. However, in that study, we could not

examine the HBV-triggered inflammatory response, since Li23 cells were a human

hepatoma cell line. To study HBV-triggered inflammatory responses, it will be

necessary to establish an HBV infectious cell culture model from normal human hepatic

cells rather than human hepatoma cells.

Sodium taurocholate cotransporting polypeptide (NTCP) is a functional receptor for

HBYV [11]. Human hepatoma HepG2 cells exhibit susceptibility to HBV by exogenously

expressing NTCP [11]. HepG2/NTCP cells (HepG2 cells stably expressing exogenous

NTCP) are currently used as an HBV infectious cell culture model for the study of HBV

worldwide. However, we previously reported that HepG2 cells exhibited defective
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expression of endogenous cGAS [10]. This result suggests that HepG2/NTCP cells

cannot be used for the study of endogenous cGAS-triggered innate immune response

and inflammatory response. Our previous study also showed that cGAS was expressed

in immortalized human hepatocyte NKNT-3 cells [10]. In the present study, we

established NKNT-3 cells exhibiting susceptibility to HBV by the exogenous expression

of NTCP. In addition, we obtained several NKNT-3/NTCP-derived cell clones

exhibiting susceptibility or resistance to HBV. Interestingly, STING was highly

expressed in a cell clone exhibiting resistance to HBV. Here, we show that STING is an

important host factor that regulates susceptibility to HBV by its expression levels. We

also show that NKNT-3/NTCP cells are a novel HBV infectious cell culture model for

the study of HBV-triggered innate immune responses and inflammatory responses.

Results

The immortalized human hepatocyte NKNT-3 cells exhibited susceptibility to HBV

via their expression of exogenous NTCP.

Since HepG2 cells were a human hepatoma cell line and exhibited defective
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expression of endogenous cGAS [10], we tried to establish HBV infectious cell culture

model from immortalized human hepatocyte NKNT-3 cells, which has been exhibited a

non-neoplastic phenotype [12] and the endogenous expression of cGAS [10]. HepG2

cells have been reported to exhibit susceptibility to HBV through their expression of

exogenous NTCP [11]. Therefore, to establish NKNT-3 cells exhibiting susceptibility to

HBV, we first prepared NKNT-3 cells stably expressing exogenous NTCP-myc

(designated NKNT-3/NTCP cells; Fig. 1A). The cell surface expression of NTCP was

detected in both NKNT-3/NTCP cells and HepG2/NTCP cells (HepG2 cells stably

expressing exogenous NTCP-myc), but not in NKNT-3/Control cells (NKNT-3 cells

stably expressing the control vector) (Fig. 1B). By using two kinds of inoculum,

HBV/NLuc (genotype C) [13] and HBV (the supernatant of HBV-replicating

HepG2.2.15 cells, genotype D) [14], we compared the levels of susceptibility to HBV in

NKNT-3/NTCP cells with that in NKNT-3/Control cells. After the infection with

HBV/NLuc or HBYV, both level of NLuc activity and HBV total transcript were

increased in NKNT-3/NTCP cells in a time-dependent manner, but not in

NKNT-3/Control cells (Figs. 1C and 1D). We next compared the level of susceptibility
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97 to HBV in NKNT-3/NTCP cells with that in HepG2/NTCP cells. The levels of NLuc

98 activity, HBV total transcript, and pgRNA in HBV/NLuc- or HBV-infected

99 NKNT-3/NTCP cells were almost ten times lower than those in HBV/NLuc- or

100  HBV-infected HepG2/NTCP cells (Figs. 1E and 1F). We further examined whether or

101  not the exogenous NTCP was functional in NKNT-3/NTCP cells. Cyclosporin A (CsA)

102  was previously reported to inhibit HBV entry by targeting NTCP [15]. When

103  administered before and during HBV inoculation, CsA inhibited the levels of HBV total

104  transcript in HBV-infected NKNT-3/NTCP cells as well as in HBV-infected

105 HepG2/NTCP cells (Fig. 1G). These results suggest that NKNT-3 cells exhibit

106  susceptibility to HBV by exogenously expressing functional NTCP.

107

108  The level of susceptibility to HBV in NKNT-3/NTCP #28.3.8 cells approximated

109 thatin HepG2/NTCP cells.

110 Since susceptibility to HBV in NKNT-3/NTCP cells was lower than that in

111  HepG2/NTCP cells (Figs. 1E and 1F), we next tried to select a subcloned cell line

112 exhibiting higher susceptibility to HBV than NKNT-3/NTCP cells (Fig. 2A). During
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113  three-round serial limited dilution, we obtained three distinct cell clones (#28, #28.3,

114  and #28.3.8 cells, respectively; Fig. 2A) that met this criterion (Fig. 2B). Exogenous

115  NTCP was expressed on the cell surface in all three clones (Fig. 2C). Among them, the

116  NKNT-3/NTCP #28.3.8 cells exhibited the highest levels of HBV total transcript after

117  HBV infection (Fig. 2D). Therefore, we next compared the levels of susceptibility to

118 HBV in NKNT-3/NTCP #28.3.8 cells with those in HepG2/NTCP cells. Upon the

119 infection with HBV/NLuc or HBV, both levels of NLuc activity (Fig. 2E) and HBV

120  total transcript (Fig. 2F) in NKNT-3/NTCP #28.3.8 cells approximated those in

121  HepG2/NTCP cells. Consistent with these results, Northern blot analysis also showed

122 that the levels of HBV pregenomic RNA (pgRNA) and 2.1/2.3 kb RNA in

123  NKNT-3/NTCP #28.3.8 cells were roughly the same as those in HepG2/NTCP cells

124  after HBV infection (Fig. 2G). These results suggest that NKNT-3/NTCP #28.3.8 cells

125  are useful as an HBV infectious cell culture model in the manner of HepG2/NTCP cells.

126

127  HBV triggered the induction of type Il IFNs in NKNT-3/NTCP #28.3.25.13 cells

128  exhibiting resistance to HBV.
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129 During the three-round limited dilution, we obtained NKNT-3/NTCP #28.3.8 cells

130  that exhibited higher susceptibility to HBV than the parent NKNT-3/NTCP cells (Figs.

131 2B and 2D). On the other hand, during the additional limited dilution (Fig. 3A), we

132  unexpectedly obtained a cell clone (#28.3.25.13) exhibiting greater resistance to HBV

133  compared with NKNT-3/NTCP #28.3.8 cells (Fig. 3B). We conjectured that the innate

134  immune response might be induced in cell clones exhibiting resistance to HBV. To

135  examine this possibility, we first compared the HBV-triggered innate immune responses

136  among cell clones exhibiting susceptibility or resistance to HBV. At 5 days after HBV

137  infection, ISG56 was strongly induced in NKNT-3/NTCP #28.3.25.13 cells, but not in

138  NKNT-3/NTCP #28.3.8 cells (Fig. 3C). Since HBV-triggered ISG56 induction in

139  NKNT-3/NTCP #28.3.25.13 cells was higher than that in #28.3. 30.20.3 cells (another

140  cell clone exhibiting resistance to HBV, Fig. 3B), we mainly focused the innate immune

141  response to HBV in NKNT-3/NTCP #28.3.25.13 cells. We first compared the time

142  course of ISG56 mRNA induction after HBV infection between NKNT-3/NTCP #28.3.8

143  and #28.3.25.13 cells (Fig. 3D). At 5 or 9 days after HBV infection, /ISG56 mRNA was

144  strongly induced in NKNT-3/NTCP #28.3.25.13 cells, but not in #28.3.8 cells (Fig. 3D).
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145  These results suggest that HBV infection induces the innate immune response in cell

146  clone exhibiting resistance but not susceptibility to HBV. We next examined whether

147  type I and/or type III IFN was required for /SG56 mRNA induction after HBV infection

148 in NKNT-3/NTCP #28.3.25.13 cells. Interestingly, at 9 days after HBV infection,

149  IFN-A1 and IFN-42/3 (type III IFN) mRNA, but not /FN-£ (type I IFN) mRNA, were

150  induced in NKNT-3/NTCP #28.3.25.13 cells (Figs. 3E and 3F). In addition, /FN-A1

151 mRNA (Fig. 3G), ISG15 (Fig. 3H), and ISG56 (Fig. 3H) were induced at 9 days after

152  HBYV infection, but not mock or ultraviolet-inactivated HBV (UV-HBV) infection, in

153  NKNT-3/NTCP #28.3.25.13 cells. Consistent with these results, HBV induced /FN-A1

154  and IFN-A2/3, but not IFN-£ mRNA, in HBV-replicating HepG2.2.15 cGAS/STING

155  cells stably expressing both exogenous cGAS and STING [10] (Fig. 3I). In addition, the

156  induction levels of /FN-Al and IFN-12/3 mRNA in HepG2.2.15 cGAS/STING cells

157  were higher than those in HepG2.2.15 cGAS GSAA/STING cells stably expressing

158  both exogenous cGAS GSAA (the inactive mutant of cGAS) and STING [10]. These

159  results suggest that HBV induces type III IFN through the cGAS/STING signaling

160  pathway in NKNT-3/NTCP #28.3.25.13 cells, but not in #28.3.8 cells. These results also


https://doi.org/10.1101/375782

bioRxiv preprint doi: https://doi.org/10.1101/375782; this version posted July 24, 2018. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

11

161  suggest that the expression levels of cGAS/STING signaling pathway-associated host

162  factor(s) are different between NKNT-3/NTCP #28.3.8 cells and #28.3.25.13 cells.

163

164  High-level expression of STING was implicated in HBV-triggered type Il IFN

165  induction in NKNT-3/NTCP #28.3.25.13 cells exhibiting resistance to HBV.

166 Since our results suggested that the expression levels of cGAS/STING signaling

167  pathway-associated host factor(s) were different between NKNT-3/NTCP #28.3.8 cells

168  and #28.3.25.13 cells, we next compared the levels of p-dGdC (the synthetic ligand for

169  the cGAS/STING signaling pathway)-triggered type III IFN induction. We found that

170  the p-dGdC-triggered ISG56 and IFN-lambdal mRNA induction in NKNT-3/NTCP

171  #28.3.25.13 cells was several times higher than that in NKNT-3/NTCP #28.3.8 cells

172 (Fig. 4A). We next tried to identify the host factor(s) responsible for the higher

173  responsiveness to p-dGdC in NKNT-3/NTCP #28.3.25.13 cells. Among cGAS/STING

174  signaling pathway-associated host factor(s), we found that STING mRNA (Fig. 4B) and

175  STING protein (Fig. 4C) were highly expressed in NKNT-3/NTCP #28.3.25.13 cells.

176  These results suggest that the high-level expression of STING enhances


https://doi.org/10.1101/375782

bioRxiv preprint doi: https://doi.org/10.1101/375782; this version posted July 24, 2018. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

12

177  p-dGdC-triggered type III IFN induction in NKNT-3/NTCP #28.3.25.13 cells compared

178  with #28.3.8 cells. We further compared the phosphorylation levels of STING among

179  several NKNT-3/NTCP cell-derived cell clones. STING was highly phosphorylated in

180  p-dGdC-transfected NKNT-3/NTCP #28.3.25.13 cells, but not in #28.3.8 cells (Fig. 4D,

181 lower-left panel). In addition, STING was also highly phosphorylated in p—

182  dGdC-treated NKNT-3/NTCP #28.3.25 cells (the parent cells of #28.3.25.13) but not in

183  the parent cells, or in #28 and #28.3 cells (the common parent cells of #28.3.8, #28.3.25

184  and #28.3.25.13, respectively). IFN-A1 mRNA was strongly induced in NKNT-3/NTCP

185  cells highly phosphorylating STING such as NKNT-3/NTCP #28.3.25 and #28.3.25.13

186  cells (Fig. 4D, upper-left panel). Consistent with these results, the knockdown of

187  STING reduced IFN-AI mRNA induction in p-dGdC-transfected NKNT-3/NTCP

188  #28.3.25.13 cells (Fig. 4D, upper-right panel). These results suggest that STING

189  regulate p-dGdC-triggered type III IFN induction by its expression level in

190  NKNT-3/NTCP cells.

191 We next examined whether high-level expression of STING was required for

192 HBV-triggered type III IFN induction in NKNT-3/NTCP #28.3.25.13 cells. We found
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193  that knockdown of STING decreased the induction of /FN-A] mRNA (Fig. 4E, upper

194  panel) and subsequently ISG56 (Fig. 4E, lower panel) in HBV-infected NKNT-3/NTCP

195  #28.3.25.13 cells. The knockdown of STING also increased the amounts of HBV total

196  transcript in HBV-infected NKNT-3/NTCP #28.3.25.13 cells (Fig. 4F). On the other

197  hand, the stable expression of exogenous STING, but not STING I200N which causes

198  the conformational disruption [16], increased the induction of /FN-11 mRNA (Fig. 4G,

199  upper panel) and subsequently ISG56 (Fig. 4G, lower panel) in HBV-infected

200 NKNT-3/NTCP #28.3.8 cells. The stable expression of exogenous STING also

201  decreased the amounts of HBV total transcript in HBV-infected NKNT-3/NTCP #28.3.8

202 cells (Fig. 4H). These results suggest that high-level expression of STING is implicated

203  in HBV-triggered type III IFN induction in NKNT-3/NTCP #28.3.25.13 cells.

204

205  High-level expression of STING was required for the HBV-triggered inflammatory

206  response in NKNT-3/NTCP #28.3.25.13 cells.

207 Since high-level expression of STING mediated HBV-triggered type III IFN

208  induction in NKNT-3/NTCP #28.3.25.13 cells (Figs. 4D and 4E), we next examined
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209  whether high-level expression of STING was implicated in the induction of not only

210  type III IFN but also pro-inflammatory cytokine including IL-6 through the NF-xB

211 signaling pathway. /L-6 mRNA induction in p-dGdC-transfected NKNT-3/NTCP

212 #28.3.25.13 cells was higher than that in p-dGdC-transfected NKNT-3/NTCP #28.3.8

213  cells (Fig. 5A). In addition, the knockdown of STING reduced /L-6 mRNA induction in

214  p-dGdC-transfected NKNT-3/NTCP #28.3.25.13 cells (Fig. 5B). Since the

215  phosphorylation of NF-«B p65 at Ser536 was required for the activation of

216  noncanonical NF-«B signaling pathway [17], we next compared the phosphorylation of

217 NF-xB p65 at Ser536 between p-dGdC-transfected NKNT-3/NTCP #28.3.8 cells and

218  #28.3.25.13 cells. Our results indicated that NF-kB p65 was phosphorylated at Ser536

219  in p-dGdC-treated NKNT-3/NTCP #28.3.25.13 cells, but not #28.3.8 cells (Fig. 5C).

220  These results suggest that high-level expression of STING enhances p-dGdC-triggered

221 IL-6 mRNA induction through the noncanonical NF-xB signaling pathway in

222  NKNT-3/NTCP #28.3.25.13 cells. We next examined whether HBV infection also

223  triggered IL-6 mRNA induction through the noncanonical NF-kB signaling pathway in

224  NKNT-3/NTCP #28.3.25.13 cells. Interestingly, HBV infection, but not mock or
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225  UV-HBYV infection, triggered the phosphorylation of NF-kB p65 at Ser536 (Fig. 5D)

226  and subsequently induced /L-6 mRNA (Fig. 5E) in NKNT-3/NTCP #28.3.25.13 cells.

227  These results suggest that high-level expression of STING is implicated in

228  HBV-triggered pro-inflammatory cytokine induction through the noncanonical NF-xB

229  signaling pathway in NKNT-3/NTCP #28.3.25.13 cells. NKNT-3/NTCP #28.3.25.13

230  cells are a useful tool for studying hepatic carcinogenesis caused by the HBV-triggered

231  inflammatory response through the NF-kB signaling pathway.

232

233  Discussion

234 Cytoplasmic DNA or RNA sensors trigger the innate immune responses and the

235  inflammatory responses by recognizing viral PAMPs. We previously reported that one

236  of the cytoplasmic DNA sensors, cGAS, recognized HBV DNA as viral PAMPs and

237  subsequently induced the innate immune response through its adaptor protein, STING

238  [10]. In the present study, we found that the immortalized human hepatocyte NKNT-3

239  cells exhibited HBV susceptibility by stably expressing the exogenous NTCP (Figs. 1C

240 and 1D). Cells of one of the NKNT-3/NTCP cell-derived clones, NKNT-3/NTCP
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241  #28.3.25.13, highly expressed STING and exhibited resistance to HBV through

242 STING-mediated type Il IFN induction (Figs. 4C, 4E, and 4F). Interestingly, STING

243  was highly phosphorylated in p—dGdC-transfected NKNT-3/NTCP #28.3.25.13 cells,

244  but not in the parent, #28, #28.3, or #28.3.8 cells (Fig. 4D). However, it is uncertain

245 why the expression and phosphorylation levels of STING differed among the

246  NKNT-3/NTCP cell-derived cell clones. In humans, several single nucleotide

247  polymorphisms (SNP) of STING have been discovered [18]. SNPs of STING have been

248  shown to cause autoinflammatory diseases such as STING-associated vasculopathy with

249  onset in infancy [19] and familial chilblain lupus [20]. These SNPs are implicated in the

250  dysregulation of host innate immune responses and inflammatory responses through a

251  loss-of-function mutation or a gain-of-function mutation of STING. Further analysis is

252 needed to identify the gain-of-function mutation(s) in STING in NKNT-3/NTCP

2563 #28.3.25.13 cells.

254 In the present study, we showed that HBV infection induced type Ill IFN, but not

255  IFN-B (type I IFN), through a STING-mediating signaling pathway in NKNT-3/NTCP

256  #28.3.25.13 cells (Fig. 5F). Sato et al. previously reported that a cytoplasmic RNA
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257  sensor, RIG-I, recognized HBV pgRNA and subsequently induced type 111 but not type |

258 IFN through its adaptor protein, IPS-1, in human primary hepatocytes [21]. These

259  results suggest that HBV suppresses the induction of type | IFN but not type 11 IFN.

260 One of the HBV proteins, HBV polymerase, suppressed STING-mediated IFN-3

261  induction by disrupting K63-linked ubiquitination of STING [22]. Another study also

262  reported that HBx bound IPS-1 and suppressed the activation of IFN-f [23]. However,

263  in these studies, it was unclear whether HBV suppressed the induction of type Ill IFN

264  through these HBV proteins. Our results showed that HBV transiently induced ISG56

265 mRNA induction at 5 and 9 days, but not at 13 days, after HBV infection in

266  NKNT-3/NTCP #28.3.25.13 cells (Fig. 3D). This result suggests that HBV possesses

267  two opposite functions to simultaneously trigger or suppress the induction of type IlI

268  IFN. Further analysis is needed to examine whether or not HBV suppresses the

269  induction of type III IFN.

270 We also showed that HBV infection induced a pro-inflammatory cytokine, IL-6,

271  through the noncanonical NF-xB signaling pathway in NKNT-3/NTCP #28.3.25.13

272 cells (Fig. 5F). STING also mediates host inflammatory responses by triggering its
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273  downstream NF-kB signaling pathway [8, 9]. A STING-triggered host inflammatory

274  response has been reported to be associated with hepatic diseases [24, 25]. In

275  nonalcoholic fatty liver disease, STING promotes hepatocyte injury by inducing

276  inflammation [24]. In addition, STING mediates liver injury and fibrosis in mice

277  administered CCl, (a chemical inducer of hepatocyte death) [25]. Moreover, based on

278  the results of several previous studies, STING is also thought to play an important role

279 in tumor development [26]. Interestingly, STING may exert two opposite effects

280  (tumor-suppressing and tumor-promoting effects) on tumor development under different

281  situations. For example, in breast cancer, STING and its downstream signaling may

282 suppress the tumor or the cancer metastasis [27, 28]. In contrast, STING is also required

283  for cell survival and regrowth in breast cancer [29, 30]. However, the results of the

284  present study do not clarify whether the HBV-triggered NF-xB signaling pathway

285  causes liver diseases and tumor development. Further analysis will also be needed to

286  examine how HBV causes liver diseases and finally HCC through a STING-mediated

287  NF-xB signaling pathway.

288 In the present study, we established a novel HBV infectious cell culture model by
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289  using NKNT-3 cells. Since NKNT-3 cells exhibit a non-neoplastic phenotype [12], our

290 HBYV infectious cell culture model is expected to be a useful tool for the study of

291  hepatic carcinogenesis caused by HBV-triggered innate immune responses and

292  inflammatory responses.

293

294  Materials and Methods

295  Cell culture

296  Human immortalized hepatocyte NKNT-3 cells, which were kindly provided by N.

297  Kobayashi and M. Namba (Okayama University). Human hepatoma HepG2/NTCP cells

298 were cultured as previously described [10]. HepG2.2.15 Cont, HepG2.2.15

299  cGAS/STING, and HepG2.2.15 cGAS GSAA/STING cells were maintained in medium

300 including blasticidin and puromycin as previously described [10].

301

302  Establishment of an NKNT-3 cell line stably expressing exogenous NTCP and the

303  derivation of its cell clones

304  NKNT-3 cells stably expressing exogenous NTCP (designated NKNT-3/NTCP cells)
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305  were established as previously described [10]. NKNT-3/NTCP-derived cell clones were

306  isolated from their parental cells by the limited dilution method. We evaluated HBV

307  susceptibility by HBV/NLuc assay [13] and, from the several tens of cell clones

308  obtained, selected a cell clone exhibiting susceptibility or resistance to HBV. By

309 repeating the cell cloning and selection process, we obtained cell clones exhibiting the

310  different levels of susceptibility to HBV.

311

312  HBV/NLuc assay

313  HBV/NLuc was prepared as previously reported [13]. Intracellular NLuc activity was

314  measured at 5, 9, and 13 days after the inoculation of HBV/NLuc. For the measurement

315  of NLuc activity, we used a Nano-Glo luciferase assay system (Promega, Madison, WI,

316  USA). Data are the means + SD from three independent experiments.

317

318  Western blot analysis

319  Western blot analysis was performed as previously described [31]. Anti-Myc (PL14;

320 Medical & Biological Laboratories, Nagoya, Japan), anti-ISG15 (H-150; Santa Cruz
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Biotechnology, Dallas, TX, USA), anti-ISG56, anti-cGAS, anti-phospho-STING
(Ser366), anti-STING, anti-phospho-NF-kB p65 (Ser536), anti-NF-xB p65 (Cell
Signaling Technology, Beverly, MA, USA), and anti-f-actin (AC-15; Sigma-Aldrich, St.

Louis, MO, USA) were used as primary antibodies.

Flow cytometric analysis

Cell surface expression of exogenous NTCP was detected by a flow cytometer as
previously reported [32]. Anti-Myc (PL14; Medical & Biological Laboratories), and
FITC-conjugated goat anti-mouse antibody (Jackson ImmunoResearch Laboratories,

West Grove, PA, USA) were used as primary and secondary antibody, respectively.

Analysis of HBV RNA

HBV was prepared from the supernatant of HepG2.2.15 cells as previously reported
[10]. Cells were infected with HBV at 10° HBV genome equivalents per cell, unless
otherwise described. For the analysis of intracellular HBV RNA after the infection of

HBYV, we performed quantitative RT-PCR analysis and Northern blot analysis as
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337  previously reported [10].

338

339  Quantitative RT-PCR analysis

340 AtS5, 9, and 13 days after HBV inoculation or at 6 hours after the transfection of an in

341  vitro-synthesized ligand, p-dGdC (Invivogen, San Diego, CA, USA), we performed

342  quantitative RT-PCR analysis as previously described [33]. For quantitative RT-PCR

343  analysis, we used primer sets previously described for ISG56 [34], IFN-B [34], cGAS

344  [10], STING [10], IL-6 [33], and GAPDH [33]. We also prepared forward and reverse

345  primer sets for IFN-A1 (5’- CTGGGAAGGGCTGCCACATT-3’ (forward) and 5°-

346 TTGAGTGACTCTTCCAAGGCG-3°  (reverse))  and  IFN-A2/3  (5-

347 CAGCTGCAGGTGAGGGAG-3’ (forward) and 5’-CTGGGTCAGTGTCAGCGG-3’

348  (reverse)).

349

350 RNA interference

351  The day after mock or HBV infection, we introduced small interfering RNAs (siRNAs)

3562  targeting STING or nontargeting siRNAs into NKNT-3/NTCP #28.3.25.13 cells as
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previously described [35]. At 4 days after the introduction of siRNAs, we isolated the

total RNA or cell lysate, and subjected it to quantitative RT-PCR analysis or western

blot analysis, respectively.

Generation of cells stably expressing exogenous STING

To construct pCX4bleo/HA-STING retroviral vector, we introduced STING (accession

no. NM_198282) cDNA containing a full-length ORF into the pCX4bleo/HA retroviral

vector as previously reported [36]. pCX4bleo/HA-STING I1200N [16] was also

constructed using PCR mutagenesis with primers containing base alterations. These

vectors were introduced into NKNT-3/NTCP #28.3.8 cells by retroviral transfer and

then the cells stably expressing exogenous STING or STING I1200N were selected by

Zeocin (Thermo Fisher Scientific, Carlsbad, CA, USA).

Statistical analysis

Statistical analysis was performed to determine the significance of differences among

groups by using Student’s 7-test. P < 0.05 was considered statistically significant.
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Figure legends

Figure 1 - The immortalized human hepatocyte cell line NKNT-3 exhibited

susceptibility to HBV by expressing exogenous NTCP.

A Western blot analysis of exogenous NTCP in NKNT-3/NTCP cells. Anti-Myc

antibody was used for the detection of NTCP-Myc in NKNT-3/NTCP cells. B-actin was

included as a loading control.

B  Flow cytometric analysis of the cell surface NTCP in NKNT-3/Control cells,

NKNT-3/NTCP cells, or HepG2/NTCP cells. Signals of the cell surface NTCP are

shown in green. An isotype control was used as a negative control (violet area).
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512 C  Comparison of NLuc activity after HBV/NL inoculation between NKNT-3/Control

513  cells and NKNT-3/NTCP cells. Intracellular NLuc activity was measured at 5, 9, and 13

514  days after HBV/NL inoculation. **P < 0.01, ***P < 0.001 versus HBV/NL-infected

515 NKNT-3/Cont cells.

516 D Quantitative RT-PCR analysis of the amount of HBV total transcript in

517 HBV-infected NKNT-3/Control cell or NKNT-3/NTCP cells. The supernatant of

518 HepG2.2.15 cells was used as an HBV inoculum. The amounts of HBV total transcript

519  were measured at 5, 9, and 13 days after HBV inoculation. **P < 0.01, ***P < 0.001

520  versus HBV-infected NKNT-3/Cont cells.

521 E, F Comparison of the susceptibility to HBV between HepG2/NTCP cells and

522  NKNT-3/NTCP cells. Intracellular NLuc activity was measured after HBV/NL

523  inoculation. The amounts of HBV total transcript and the pgRNA were measured after

524  HBYV inoculation by quantitative RT-PCR analysis. **P < 0.01, ***P < 0.001 versus

525  HBV/NL- or HBV-infected HepG2/NTCP cells, respectively.

526 G  Functional analysis of NTCP in NKNT-3/NTCP cells using CsA as an HBV-entry

527  inhibitor. CsA was administered before and during HBV inoculation. *P < 0.05, ***P <
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528  0.001 versus 0 uM of CsA-administered HBV-infected cells.

529

530  Figure 2 - The level of susceptibility to HBV in NKNT-3/NTCP #28.3.8 cells

531 approximated that in HepG2/NTCP cells.

532 A Outline of cell cloning by the limited dilution method. NKNT-3/NTCP #28.3.8

533  cells were selected by three-round limited dilution. Red arrows with solid lines show the

534  selection of a cell clone exhibiting higher susceptibility to HBV.

535 B Comparison of susceptibility to HBV among parent NKNT-3/NTCP cells and their

536  derived cell clones by using HBV/NL assay. **P < 0.01, ***P < 0.001 versus

537  HBV/NL-infected parent NKNT-3/NTCP cells.

538 C  Flow cytometric analysis of the cell surface NTCP in their derived cell clones.

539  Signals of the cell surface NTCP are shown in green. An isotype control was used as a

540  negative control (violet area).

541 D  Comparison of the amounts of HBV total transcript after HBV infection among

542  parent NKNT-3/NTCP cells and their derived cell clones. The amount of HBV total

543  transcript was measured after HBV infection by quantitative RT-PCR analysis. *P <
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544  0.05 versus HBV-infected parent NKNT-3/NTCP cells.

545 E, F Comparison of susceptibility to HBV between HepG2/NTCP cells and

546 ~ NKNT-3/NTCP #28.3.8 cells. Intracellular NLuc activity or the amounts of HBV total

547  transcript were measured as described in Figs. 1E and 1F. NS; not significant, **P <

548  0.01, ***P < 0.001 versus HBV/NL- or HBV-infected HepG2/NTCP cells, respectively.

549 G Comparison of susceptibility to HBV between HepG2/NTCP cells and

550  NKNT-3/NTCP #28.3.8 cells by Northern blot analysis. Total RNA was isolated from

551  HBV-infected cells at 13 days after HBV inoculation. 28S rRNA and 18S rRNA were

552  included as a loading control. NKNT-3/NTCP #28.8.4 is another clone, which has been

553  estimated to exhibit susceptibility to HBV by HBV/NL assay (data not shown).

554

5565  Figure 3 — HBV induced type 111 IFN in NKNT-3/NTCP #28.3.25.13 cells exhibiting

556  resistance to HBV.

557 A Outline of cell cloning by the limited dilution method. NKNT-3/NTCP

558  #28.3.25.13 and #28.3.30.20.3 cells were selected by their distinct serial limited dilution,

559  respectively. Blue arrows with dashed lines show the selection of a cell clone exhibiting
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560  resistance to HBV.

561 B Quantitative RT-PCR analysis of the amounts of HBV total transcript in
562  HBV-infected NKNT-3/NTCP #28.3.8, #28.3.25.13, or #28.3.30.20.3 cells. *P < 0.05,
563  **P < 0.01 versus HBV-infected NKNT-3N #28.3.8 cells.

564 C Western blot analysis of ISG56 in HBV-infected NKNT-3/NTCP #28.3.8,
565  #28.3.25.13, or #28.3.30.20.3 cells. Cell lysates were prepared from mock- or
566  HBV-infected cells at 5 days after HBV inoculation.

567 D  Quantitative RT-PCR analysis of ISG56 mRNA in HBV-infected NKNT-3/NTCP
568  #28.3.8 or #28.3.25.13 cells. Cells were infected with HBV at 10° or 10* HBV genome
569  equivalents per cell, respectively. Each mRNA level was calculated relative to the level
570  in mock-infected NKNT-3/NTCP #28.3.25.13 cells, which was set at 1. *P < 0.05, **P
571 <0.01, ***P < 0.001 versus mock-infected NKNT-3N #28.3.25.13 cells.

572 E  Quantitative RT-PCR analysis of IFN-A1 and IFN-12/3 mRNA in HBV-infected
573  NKNT-3/NTCP #28.3.8 or #28.3.25.13 cells. Cells were infected with HBV at 10° or
574  10*HBV genome equivalents per cell, respectively. Each mRNA level was calculated as

575  described in Fig. 3D. ND, not detected. NS; not significant, *P < 0.05, **P < 0.01
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576  versus mock-infected NKNT-3/NTCP #28.3.25.13 cells.

577 F  Quantitative RT-PCR analysis of IFN-g mRNA in HBV-infected NKNT-3/NTCP
578  #28.3.8 or #28.3.25.13 cells. Cells were infected with HBV at 10° or 10* HBV genome
579  equivalents per cell, respectively. Each mRNA level was calculated as described in Fig.
580  3D. NS; not significant versus mock-infected NKNT-3/NTCP #28.3.25.13 cells.

581 G  (left panel) Quantitative RT-PCR analysis of the amounts of HBV total transcript
582  in mock-, HBV-, or UV-HBV-infected NKNT-3/NTCP #28.3.25.13 cells. (right panels)
583  Quantitative RT-PCR analysis of IFN-A1 mRNA in mock-, HBV-, or UV-HBV-infected
584  NKNT-3/NTCP #28.3.25.13 cells. Each mRNA level was calculated as described in Fig.
585  3D. **P < 0.01 versus mock- or UV-HBV-infected NKNT-3/NTCP #28.3.25.13 cells,
586  respectively.

587 H  Western blot analysis of ISG15 and ISG56 in mock-, HBV-, or UV-HBV-infected
588  NKNT-3/NTCP #28.3.25.13 cells. The cell lysate was prepared as described in Fig. 3C.
589 | Quantitative RT-PCR analysis of IFN-A1, IFN-42/3, and IFN-£ mRNA in
590 HepG2.2.15 cGAS/STING cells. Each mRNA level was calculated relative to the level

591  in HepG2.2.15 Cont cells, which was set at 1. *P < 0.05, **P < 0.01 versus HepG2.2.15
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592  Cont cells or HepG2.2.15 cGAS GSAA/STING cells, respectively.

593

594  Figure 4 — High-level expression of STING was implicated in HBV-triggered type

595 111 IFN induction in NKNT-3/NTCP #28.3.25.13 cells.

596 A (upper panel) Quantitative RT-PCR analysis of ISG56 and IFN-A1 mRNA in

597  p-dGdC-transefected NKNT-3/NTCP #28.3.8 or #28.3.25.13 cells. Each mRNA level

598  was calculated relative to the level in vehicle-transfected NKNT-3/NTCP #28.3.25.13

599  cells, which was set at 1. ***P < 0.001 versus p-dGdC-transfected NKNT-3/NTCP

600  #28.3.8 cells. (lower panel) Western blot analysis of ISG56 in p-dGdC-transefected

601 NKNT-3/NTCP #28.3.8 or #28.3.25.13 cells. The cell lysate was prepared as described

602 in Fig. 3C.

603 B  Quantitative RT-PCR analysis of cGAS and STING mRNA in NKNT-3/NTCP

604  #28.3.8 or #28.3.25.13 cells. Each mRNA level was calculated relative to the level in

605  NKNT-3/NTCP #28.3.25.13 cells, which was set at 1. NS; not significant, ***P < 0.001

606  versus NKNT-3/NTCP #28.3.8 cells.

607 C Western blot analysis of cGAS and STING in NKNT-3/NTCP #28.3.8 or
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608  #28.3.25.13 cells.

609 D (upper-left panel) Quantitative RT-PCR analysis of IFN-A1 mRNA in the parent

610 NKNT-3/NTCP cells and in the several cell clones derived from them after transfection

611  with p-dGdC. Each mRNA level was calculated relative to the level in NKNT-3/NTCP

612  #28.3.25.13 cells transfected with vehicle, which was set at 1. NS; not significant, **P

613 < 0.01 versus p-dGdC-transfected parent NKNT-3/NTCP cells. (lower-left panel)

614  Western blot analysis of phosphorylated STING at Ser366 in the original

615 NKNT-3/NTCP cells and in the several cell clones derived from them after transfection

616  with p-dGdC. The cell lysate was prepared as described in Fig. 3C. (upper-right panel)

617  Quantitative RT-PCR analysis of IFN-11 mRNA in NKNT-3/NTCP #28.3.25.13 cells

618 transfected with STING-specific (designated NKNT-3/NTCP #28.3.25.13 siSTING) or

619  control (designated NKNT-3/NTCP #28.3.25.13 siCont) siRNA followed by p-dGdC.

620 Each mRNA level was calculated relative to the level in vehicle-transfected

621 NKNT-3/NTCP #28.3.25.13 siCont cells, which was set at 1. ***P < 0.001 versus

622  p-dGdC-transfected NKNT-3/NTCP #28.3.25.13 siCont cells. (lower-right panel)

623  Western blot analysis of phosphorylated STING at Ser366 in NKNT-3/NTCP
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624  #28.3.25.13 siSTING cells after transfection with p-dGdC. The cell lysate was prepared

625  as described in Fig. 3C.

626 E  (upper panel) Quantitative RT-PCR analysis of IFN-A1 mRNA in mock- or

627 HBV-infected NKNT-3/NTCP #28.3.25.13 sSiSTING cells or NKNT-3/NTCP

628  #28.3.25.13 siCont cells. Each mRNA level was calculated relative to the level in

629  mock-infected NKNT-3/NTCP #28.3.25.13 siCont cells, which was set at 1. (lower

630  panel) Western blot analysis of 1SG56 in HBV-infected NKNT-3/NTCP #28.3.25.13

631  siCont cells or NKNT-3/NTCP #28.3.25.13 siSTING cells. The cell lysate was prepared

632  as described in Fig. 3C. **P < 0.01 versus HBV-infected NKNT-3/NTCP #28.3.25.13

633  siCont cells.

634 F Quantitative RT-PCR analysis of the amount of HBV total transcript in

635 HBV-infected NKNT-3/NTCP #28.3.25.13 siCont cells or NKNT-3/NTCP #28.3.25.13

636  SISTING cells. **P < 0.01 versus HBV-infected NKNT-3/NTCP #28.3.25.13 siCont

637 cells.

638 G  (upper panel) Quantitative RT-PCR analysis of IFN-11 mRNA in mock- or

639  HBV-infected NKNT-3/NTCP #28.3.8 cells stably expressing exogenous STING wild
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640  type (designated NKNT-3/NTCP #28.3.8 STING wt) or STING I200N (designated

641 NKNT-3/NTCP #28.3.8 STING 1200N). Each mRNA level was calculated relative to

642  the level in HBV-infected NKNT-3/NTCP #28.3.8 STING 1200N cells, which was set at

643 1. ND, not detected. ***P < 0.001 versus HBV-infected NKNT-3/NTCP #28.3.8 STING

644  1200N cells. (lower panel) Western blot analysis of 1SG56 in HBV-infected

645 NKNT-3/NTCP #28.3.8 STING wt cells or NKNT-3/NTCP #28.3.8 STING 1200N cells.

646  The cell lysate was prepared as described in Fig. 3C.

647 H Quantitative RT-PCR analysis of the amount of HBV total transcript in

648 HBV-infected NKNT-3/NTCP #28.3.8 STING wt cells or NKNT-3/NTCP #28.3.8

649  STING I200N cells. ***P < 0.001 versus HBV-infected NKNT-3/NTCP #28.3.8 STING

650  1200N cells.

651

652  Figure 5 — High-level expression of STING was required for HBV-triggered

653  inflammatory response in NKNT-3/NTCP #28.3.25.13 cells.

654 A (upper panel) Quantitative RT-PCR analysis of IL-6 mRNA in p-dGdC-transfected

655  NKNT-3/NTCP #28.3.8 or #28.3.25.13 cells. Each mRNA level was calculated relative


https://doi.org/10.1101/375782

bioRxiv preprint doi: https://doi.org/10.1101/375782; this version posted July 24, 2018. The copyright holder for this preprint (which was
not certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission.

42

656  to the level in vehicle-transfected NKNT-3/NTCP #28.3.25.13 cells, which was set at 1.

657 **P < 0.01 versus p-dGdC-transfected NKNT-3/NTCP #28.3.8 cells. (lower panel)

658  Western blot analysis of IL-6 in p-dGdC-transfected NKNT-3/NTCP #28.3.8 or

659  #28.3.25.13 cells. The cell lysate was prepared as described in Fig. 3C.

660 B  (upper panel) Quantitative RT-PCR analysis of IL-6 mRNA in p-dGdC-transfected

661 NKNT-3/NTCP #28.3.25.13 siCont cells or NKNT-3/NTCP #28.3.25.13 siSTING cells.

662 Each mRNA level was calculated relative to the level in vehicle-transfected

663 NKNT-3/NTCP #28.3.25.13 siCont cells, which was set at 1. **P < 0.01 versus

664  p-dGdC-transfected NKNT-3/NTCP #28.3.25.13 siCont cells. (lower panel) Western

665  Dblot analysis of IL-6 in p-dGdC-transfected NKNT-3/NTCP #28.3.25.13 siCont cells or

666  NKNT-3/NTCP #28.3.25.13 siSTING cells. The cell lysate was prepared as described in

667  Fig. 3C.

668 C Western blot analysis of phosphorylated NF-«xB p65 at Ser536 in

669  p-dGdC-transfected NKNT-3/NTCP #28.3.8 or #28.3.25.13 cells.

670 D  Western blot analysis of phosphorylated NF-kB p65 at Ser536 in mock-, HBV-, or

671  UV-HBV-infected NKNT-3/NTCP #28.3.25.13 cells.
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672 E  (upper panel) Quantitative RT-PCR analysis of IL-6 mRNA in mock-, HBV-, or

673 UV-HBV-infected NKNT-3/NTCP #28.3.25.13 cells. Each mRNA level was calculated

674 as described in Fig. 3D. ***P < 0.001 versus mock- or UV-HBV-infected

675 NKNT-3/NTCP #28.3.25.13 cells, respectively. (lower panel) Western blot analysis of

676  IL-6 mRNA in mock-, HBV-, or UV-HBV-infected NKNT-3/NTCP #28.3.25.13 cells.

677 F Proposed model of the HBV-triggered host innate immune response and

678 inflammatory response through STING.


https://doi.org/10.1101/375782

IB: Myc
(NTCP-Myc)

IB: g-actin

NKNT-3 NKNT-3
/ Control / NTCP

HBV/NLuc
2
= "I HBVINL
S » ODay 5
E @Day 9
e
o mDay 13
=]
-
Z
NKNT-3 NKNT-3
/ Control / NTCP
HBV/NLuc
1.0E+08
S 1.0E+07 HBV/NL
. +
= ODay 5
S 1.0E+06 "0 mpay 9
[&]
S EDay 13
= 1.0E+05 &
1.0E+04
HepG2 NKNT-3
/NTCP /NTCP
HBV
Day l
-2 0 1 5
| Ly
1
CsA

HBYV total transcript
(copies/ug of total RNA)

HBYV total transcript
(copies/ug of total RNA)

HepG2 NKNT-3
I NTCP /NTCP

HepG2 NKNT-3
I NTCP /NTCP

NKNT-3 NKNT-3
/ Control /| NTCP
NTCP NTCP
HepG2
I NTCP
NTCP
Total
transcript
Z LE+07
a2 f
0 g LE+06 L MBY
§ § E *Hk ODay 5
='6 1.E+05 mDay 9
S o
o2 mDay 13
%.g LE+04 - Y
25 con [EM |
L 1.E+03 -
NKNT-3 NKNT-3
/ Control / NTCP
Total
transcript PgRNA
1.E+07 - T LE+07 =
Z F
1.E+06 HBY = 1E+06 HBV
. . = 1.E+06 -
- ODay5 < g ODay 5
X s
1.E+05 - kil EDay 9 25 1.E+05 - mDay 9
> o F
mDay 13 EX 3 ]
1LE+04 1 YR T 1E0s | Day 13
6_ F
1.E+03 - 8 1.E+03 -
HepG2 NKNT-3 HepG2 NKNT-3
INTCP /NTCP INTCP /NTCP
Total Total
transcript transcript
1.0E+07 +—————— $ 120
i CsA (uM) 3 100 - CsA (uM)
1.0E+06 - mo S 8o - =0
c
* m2 g 60 - m2
1.0E+05 - 04 T 40 o4
[e]
> 20
1.0E+04 - T 0 -

Dansako et al.

Figs. 1


https://doi.org/10.1101/375782

A B HBV/NLuc
Cell cloning
by limited dilution HBVINL
NKNT-3 | 1St 2nd 3rd 2 oDay 5
/NTCP —> —p|128.3| == | #28.3.8 2
(Parent) @ @Day 9
Q
3 mDay 13
P4
Parent #28 #28.3 #28.3.8
NKNT-3
I NTCP
Total transcript
T 1.0E+07
B2
#28 #28.3 #28.3.8 2g HBV
Q —=
2 £ 1.0E+06 ODay 5
Es mDay 9
3 o
9 21.0E+05 - mDay 13
0
> o
NTCP £s
NTCP NTCP S 1.0E+04 -
Parent #28 #28.3 #28.3.8
NKNT-3
/ NTCP
HBV/NLuc Total
. transcript
1.0E+07 o L LE+O7
NS 9 Kk
> ok HBV/NL 5 % LE+06 L M HBV
> 1.0E+06 @Day 5 25" ODay 5
§ mDay 9 c_*z 5 1.E+05 mDay 9
- O
S o =
2. 1.0E+05 mDay 13 ; g 1.E+04 mDay 13
20
o
1.0E+04 O 1.E+03
HepG2 NKNT-3 HepG2 NKNT-3
/NTCP / NTCP /NTCP / NTCP
#28.3.8 #28.3.8
o HepG2 NKNT-3
in vitro /| NTCP | NTCP
RNA
(1.24xHBV) Parent #28.3.8 #28.8.4 q;f’
* * S e o
¢ N & N N\ O 3\
1007 FF FELLE L L
3.5kb
- (PgRNA)
-4 2.12.3kb
- 0.7kb
< 28S rRNA
<J18S rRNA

Dansako et al.
Figs. 2


https://doi.org/10.1101/375782

W

Total
Cell cloning < 0 transcript
by limited dilution g
5 £ HBV
3rd 3¢ 8
C e ODay 5
#28.3 #28.3.8 S5 o
= o
‘:\ 3rd~4th Ko % 4 @Day 9
S
3rd=5th \ “luog 32513 >% ;. - _J=Pay 13 ISG56
o
I
X #28.3.8 #28.3.25.428.3.30.
#28.3.30.20.3 13 oo
NKNT-3
/NTCP
ISG56 IFN-A1
12 = 301
3 10 2
O *kk R
S 8 OMock < 20
<Z( *k 3 5 *
z 6 EHB\ 10 E
* 10 -
e 4 e BHB\ 100 &
n * >
o 2 z ND
2 - o -
O |
Day5 9 13 5 g 13 #28.3.8 #28.3.25.13
NKNT-3
#28.3. .3.25.
8.3.8 #28.3.25.13 I NTCP
NKNT-3
I NTCP
F G Total
IFN-§ < transcript
5 5 1 ‘5_0: o R ——
o =3
§ 4 3 § 1.6 -
=~ C
% 3 | OMock g 8)12 | OMock
DEC ) EHBV 103 ‘_‘5308 | EHBV
_—N_S_ -)6 U) .
* NS EHBV 10 S 3 04 BUV-HBV
L 2o
0 & 0-
#28.3.8 #28.3.25.13 x  #283.25.13
NKNT-3
/ NTCP
#28.3.25.13 IFN-A1 IFN-42/3
—~ 160 - %10 -
Mock HBV UV-HBV 3 ke
Kba 8 120 +—* €81
ISG15 15 < < 6
r 80 - C\Ef
€ o 4
ISG56 56 3 0. o
1 ~< 2 -
P h
. LL zZ
B-actin 42 = 0- L o

NKNT-3
/I NTCP

#28.3.25. #28.3.30.

#28.3.8 13 20.3
& X

F A KN
FELEEL
| |56

| |42

IFN-12/3

=
o

OMock

*k
EHB'103

NS .HB' 104

IFN-42/3 mRNA (folds)

o N b~ O

#28.3.8 #28.3.25.13

NKNT-3
I NTCP

IFN-A1

=
o

OMock
BHBV
mUV-HBV

IFN-41 mRNA (folds)

o N A O

#28.3.25.13

IFN-8

10
HepG2.2.15

oCont

BCcGAS/STING

Calll

IFN-B mRNA (folds)
o N » (o)) (o]

Dansako et al.
Figs. 3


https://doi.org/10.1101/375782

>

ISG56 cGAS STING
30 - — 1.0E+03 + 1.2 4 1.2 -
/J)\ *%k %k % E — ’U? xk
2 25 2 o o1 4 1
= = r —_ e}
< 20 - < L.OE+02 + _ €08 € 038 - 0#28.3.8
<Z( > E Ovehicle < <
Z 15 - & : 2 06 Z 06 B#28.3.25.13
€ 0. 5 LOE+01 - Bp-dGdC £ E
8 ; . ; 2 0.4 1+ g 0.4
8 1 T Q0.2 £ 02 -
(%]
#28.3.8 #28.3.25. LOE+00 o8 3.8428.3.25. 0 0-
13 13
NKNT-3 NKNT-3
I NTCP KDa I NTCP
D IFN-A1 IFN-A1
800 " 800 -
o)
C S 600 600 -
NKNT-3 < = Ovehicle
/ NTCP Z 400 400 -
_ = Ep-dGdC
#28.3.8 #28.3.25. < 200 200 | _
13 kDa L *k *%
P NS
T
CGAS 62 olm B W o |
Parent #28 #28.3 #28.3.8 #28.3.25#28.3.25. siCont siSTING
13 R —
#28.3.25.13
STING 35 P-STING kDa
(ser 366) | | | [ Ju
B-actin P STING | | | -
pactin | | I —
E IFN-A1 G IFN-A1
— 50 - —~ 50 -
3 =
S 40 S 40 -
~ ~ *kk
é 30 - OMock é 30 - OMock
E 20 - mHBV E 20 mHBV
= s
> 10 - = 10 -
i *k & ND
0 - - 0 -
siCont siSTING HA-STING  wt  I200N
#28.3.25.13  1pa #28.3.8 KDa
sess | | s6 sese [ | s
STING |:| 35 STING |:| 35
F Total H Total
2 _ transcript < transcript
5 —— 25—
= 45_0:
o — o —
SE 4 HBV 1073 584 HBV 1073
2= - #28.3.25.13 2 -#28.3.8
go3- oOsiCont £33 Owt
% Q - % 2 ]HA—STING
5 ? 2 - EsiSTING 532 v E1200N
>3g > g
381 5311 Dansako et al.
<) S
S %0 -

Figs. 4


https://doi.org/10.1101/375782

IL-6
30 -
g 2 o
€ 20 Ovehicl
venicle
% 1519 dGd
Bp-dGdC
£ 10 - P
©
:] -
O d
#28.3.8#28.3.25.
13
NKNT-3
/ NTCP kDa

NKNT-3
/NTCP
#28.3.25.
#2838 13
T-pdGdC () (+) () ) kDa
P-NF-«B p65
(Ser 536) | 65
NF-<B p65 | | es
B-actin | | 42
IL-6
15 -
g *kk
810 - OMock
<
2 mHBV
a4
E 5 mUV-HBV
[{e)
2
0 n
#28.3.25.13  KkDa

IL-6
50
& 40
S
;:’ 30 Ovehicle
pd
DEf 20 Bp-dGdC
*%
€ 10 -
- siCont siSTING
#28.3.25.13
kDa
#28.3.25.13

P-NF-xB p65
(Ser 536)

B-actin

Mock HBV UV-HBV kDa

—
E—

CcGAS
STING
IRF NF-«kB
| type Il IFN pro-inflammatory
cytokine
|
17?
v
hepatocellular
carcinoma

Dansako et al.
Figs. 5


https://doi.org/10.1101/375782

