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研究成果の概要（和文）：これまでに、PLC/PRF/5細胞のクローニングを行い、E型肝炎ウイルス（HEV）に対し
て増殖効率の異なるクローン化細胞の樹立に成功している。本研究では、高許容性細胞と低許容性細胞のRNAマ
イクロアレイによる発現遺伝子の比較解析に基づき、HEV感染培養系を用いて、高発現または低発現する遺伝子
のHEV増殖効率への影響を解析した。その結果、HEVの複製に対する細胞の許容性に関与する遺伝子を複数同定す
ることに成功した。また、同定された遺伝子と関連が認められる化合物ライブラリのスクリーニングにより、野
生型HEVに対して阻害活性を有する化合物を同定することができた。

研究成果の概要（英文）：Subclones of a single PLC/PRF/5 cell line demonstrated up to 10,000-folds 
difference in the permissiveness to hepatitis E virus (HEV) replication. Based on the results of RNA
 microarray analysis of highly permissive and poorly permissive subclones, several genes were 
silenced by using small interfering RNA (siRNA) followed by screening using eHEV-nanoKAZ and 
evaluation in cell culture. Among them, possible genes involved in cellular permissiveness to HEV 
were identified. One hit gene was used as the target for screening on a small compound library by 
three distinct HEV reporter systems. Among the hit compounds, one with strongest inhibition on 
luciferase activity was further evaluated in cultured cells. It exhibited moderate inhibition on HEV
 growth in an evaluation in cell culture system using a wild-type HEV-3 strain. The results of this 
study will enhance the insights on HEV molecular aspects and will be useful for the development of 
novel and specific anti-HEV drug.

研究分野： ウイルス学

キーワード： Hepatitis E virus　Host cellular factor　Anti-HEV drug　Microarray　Cell culture　Replication
 efficiency　Reporter virus　Drug screening
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研究成果の学術的意義や社会的意義
新たに同定されたHEV感染の許容性に関与する宿主因子は、新規抗HEV薬開発の標的と成り得ることが示唆され
た。今後、さまざまな関連ライブラリを用いたスクリーニングを実施することで、より効果の高い抗HEV候補薬
が同定されることが期待される。また、HEVの複製機構に関しては未だ不明な点が多く残されている。今回同定
された宿主因子は、HEVの感染や複製の分子機構を理解する上でも重要な知見である。

※科研費による研究は、研究者の自覚と責任において実施するものです。そのため、研究の実施や研究成果の公表等に
ついては、国の要請等に基づくものではなく、その研究成果に関する見解や責任は、研究者個人に帰属します。
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１．研究開始当初の背景 

Hepatitis E virus (HEV) is increasingly recognized as the leading cause of acute 
hepatitis. In immunocompromised patients, HEV can cause chronic hepatitis. Fulminant 
and chronic cases require anti-HEV drugs. The off-label drug ribavirin is the current 
mainstay therapy. However, major drawbacks such as significant side effect of dose-
dependent anemia has restricted its clinical application, thus, novel and specific 
anti-HEV drugs are urgently needed. 

Successful viral replication relies on cellular host factors and targeting proviral 
host factors for antiviral development is appealing due to the lower likelihood of 
resistance development. However, the host factors associated with permissiveness to 
HEV infection have not been fully elucidated. Subclones of PLC/PRF/5 cells have variable 
permissiveness to HEV replication even when inoculated with the same virus, suggesting 
that aside from viral factor itself, cellular factors might be involved in determining 
host susceptibility to HEV replication, and therefore, can be the target for development 
of specific anti-HEV drug. 
 
２．研究の目的 

The purpose of this study is to identify the cellular factors which play a role to 
determine the host permissiveness to HEV replication and to identify small compounds 
which can inhibit the cellular factor(s) through the specific pathways as the candidate 
for the development of novel and specific anti-HEV drug. 
 
３．研究の方法 
1) Gene expression profiling by using the result of RNA microarray analysis 

Analysis of RNA microarray data from highly permissive and poorly permissive 
PLC/PRF/5 subclones led to the selection of 15 upregulated genes and 15 downregulated 
genes. Fifteen selected upregulated genes were silenced by small interference RNA 
(siRNA)-mediated gene knockdown. The siRNA was transfected to the highly permissive 
PLC/PRF/5 subclone, followed by inoculation with HEV-nanoKAZ (a recombinant HEV 
harboring small luciferase gene in the non-structural protein, ORF1)1 to screen the 
upregulated genes. The intracellular luciferase activity was then measured.  

Similarly, selected fifteen downregulated genes were silenced by siRNA-mediated 
gene knockdown. The siRNA was transfected to poorly permissive PLC/PRF/5 subclone 
followed by inoculation with HEV-nanoKAZ to screen the downregulated genes. The 
intracellular luciferase activity was then measured. 
 
(2) Evaluation of the effect of hit genes on HEV replication efficiency in cell culture 

The effect of hit upregulated genes and downregulated genes on HEV replication 
efficiency was confirmed in cell culture. For the hit upregulated genes, siRNA was 
transfected to the highly permissive PLC/PRF/5 subclone, followed by inoculation with 
wild-type HEV-3 strain. On the other hand, the hit downregulated genes were 
overexpressed by transfection of recombinant plasmid of each gene to the highly 
susceptible PLC/PRF/5 subclone, followed by inoculation with wild-type HEV-3 strain. 
Additional siRNA transfection or plasmid transfection was performed during monitoring 
of virus growth kinetics in cell culture. The monitoring was performed for 10 days by 
quantitation of HEV RNA in culture supernatants of inoculated cells using real-time 
RT-PCR. The knockdown efficiency or the expression of target protein during the 
monitoring was confirmed by Western blotting. 
 
(3) Screening on ubiquitination small compound library 

One of the candidate host genes is associated with ubiquitination, therefore, was 
used as the target for a small compound library to be screened. Screening was performed 
by using three HEV reporter systems recently established in our lab, each covering 
specific step in HEV life cycle: HEV-GLuc replicon2 (covering middle step), HEV-nanoKAZ1 
(covering early and middle steps), or HEV-HiBiT/ΔORF2s3 (covering middle and late 
steps) in the presence of small compounds, and the luciferase activity was measured to 
identify compound with anti-HEV activity. 

 
 



(4) Evaluation of hit compound in cell culture 
The compound with anti-HEV activity hit in the screening was evaluated further in 

cell culture using wild-type HEV-3. HEV growth kinetics was monitored for 12 days by 
quantitation of HEV RNA in the culture supernatants using real time RT-PCR. 
 
４．研究成果 
(1) Gene expression profiling and evaluation of the effect of hit genes on HEV 
replication efficiency in cell culture 

Subclones derived from a single PLC/PRF/5 cell line exhibited a remarkable 
difference in HEV replication efficiency, with variances of up to 10,000-fold. Direct 
comparison on the permissiveness level of the highly susceptible and poorly susceptible 
subclones in supporting the HEV replication by using lower inoculum titer further 
confirmed the difference. Analysis of RNA microarray data from highly permissive and 
poorly permissive PLC/PRF/5 subclones led to the selection of 15 upregulated genes and 
15 downregulated genes. 

Fifteen selected upregulated genes were silenced by siRNA-mediated gene knockdown. 
The silenced genes were then screened by using eHEV-nanoKAZ in highly susceptible 
subclone. Silencing any of six genes resulted in decreased intracellular luciferase 
activity (Figure 1, left). To confirm the effect of the six genes in HEV replication 
efficiency, wild-type HEV-3 strain was inoculated to the highly susceptible PLC/PRF/5 
subclone with each of the six upregulated genes being silenced. The growth kinetic in 
cell culture was monitored for 10 days. Among the six genes, silencing any of four 
genes led to decreased HEV replication efficiency in cell culture (Figure 1, right). 
The knockdown efficiency was maintained during monitoring period as confirmed through 
Western blotting.   
 

 
Figure 1. Gene expression profiling for upregulated genes in highly susceptible 
PLC/PRF/5 subclone by using siRNA-mediated gene knockdown. (Left) Screening on the 
upregulated genes by HEV-nanoKAZ. (Right) Examination of the effect of selected 
upregulated genes on HEV replication efficiency by using wild-type HEV-3 strain in 
cell culture.  
 
 

On the other hand, the selected fifteen downregulated genes were silenced and then 
screened by using eHEV-nanoKAZ in poorly susceptible PLC/PRF/5 subclone. Silencing any 
of the four downregulated genes in the poorly permissive PLC/PRF/5 subclone led to a 
slight increase in HEV replication efficiency (Figure 2, left). Overexpression of the 
selected downregulated genes in the highly susceptible PLC/PRF/5 subclone resulted in 
decreased HEV replication efficiency in cell culture (Figure 2, right). The expression 
of each target protein was maintained during the monitoring period as confirmed through 
Western blotting.  
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Figure 2. Gene expression profiling for downregulated genes in poorly permissive 
PLC/PRF/5 subclone by using siRNA-mediated gene knockdown. (Left) Screening on the 
downregulated genes by HEV-nanoKAZ. (Right) Examination of the effect of selected 
downregulated genes on HEV replication efficiency by using wild-type HEV-3 strain in 
cell culture and gene overexpression.  
 
 
(2) Screening on ubiquitination small compound library with three distinct HEV reporter 
systems 

One hit gene was upregulated in the PLC/PRF/5 subclone with highest susceptibility 
to HEV replication, and introduction of siRNA decreased HEV replication efficiency. It 
encodes ubiquitin ligase. Since ubiquitin was suggested to play a role in HEV life 
cycle, a screening on a ubiquitination compound library was performed by using three 
HEV reporter systems to search for candidate compound with activity against HEV: HEV-
GLuc replicon (covering HEV RNA replication)2, HEV-nanoKAZ (covering HEV entry and RNA 
replication)1, and HEV-HiBiT (covering HEV particle formation and release)3. 
 
(3) Evaluation of hit compound in cell culture 

Among the hit compounds, one with strongest inhibition on luciferase activity was 
further evaluated in cultured cells by using the wild-type HEV-3 strain. By 12 days 
post-inoculation, the highest dose (10 M) already decreased the HEV RNA titer in 
culture supernatants of the infected cells to 1,000 lower than that of untreated 
control cells.  
 

In summary, several genes potentially contributing to cellular susceptibility to 
HEV replication were identified. In addition, a small compound with anti-HEV activity 
targeting one of the selected candidate genes exhibited moderate inhibition on HEV 
growth in an evaluation in cell culture system using a wild-type HEV-3 strain. The 
results of this study will enhance the insights on HEV molecular aspects and will be 
useful for the development of novel and specific anti-HEV drug.  
 
＜引用文献＞ 
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drug screening platform. J Virol. 2023, 97(9):e0050823. 
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