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• Hepatitis E virus (HEV) is a positive sense, single-stranded 

RNA virus which produces 30% pregnancy mortality seen 

only in humans with an incompletely understood 

mechanism to date transmitted through pork products.

• Major constraints working with HEV are lack of efficient 

cell culture system and insufficient animal model.

• Orthohepevirus A genotypes of HEV are known to encode 

3 open reading frames (ORFs), ORF1, ORF2 and ORF3.
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• Novel ORF4 is proposed to be present only in genotype 

(gt) 1 which is synthesized only during Endoplasmic 

reticulum (ER) stress (Nair et al. 2016)

• To detect if genotype 3 HEV replicates better in Huh7 

(human liver) cells ectopically expressing ORF4

HYPOTHESIS #1

ORF4 is not produced in 

genotype 3 HEV strains

HYPOTHESIS #2

Enhanced replication of genotype 3 

would be seen in ORF4 expressing 

human liver cells (Huh7)

• To detect  placental lactogen role in the replication 

enhancement of genotype 3 HEV

HYPOTHESIS #1

Placental lactogen mediated 

lipolysis increases fatty acid 

concentration in ORF4 

expressing human liver cells

HYPOTHESIS #2

Genotype 3 HEV replication will 

be enhanced in the placental 

lactogen treated ORF4 

expressing human liver cells

• Cells used in the study: Huh7 cells and Huh7 cells 

expressing ORF4 protein (for replication study), 

HepG2C3A cells (for infection study).

• ER stressor compound: Tunicamycin (0.15 ug/ul)

Fig.2 Endoplasmic reticulum (ER) stressor compound

(tunicamycin) upregulates Internal Ribosome Entry site

(IRES)-like activity and promotes ORF4 synthesis in Huh7

Fig.1 ORF1 encodes for non-structural polyprotein; ORF2

encodes for capsid protein and ORF3 helps in egress.
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• In 2018, rabbit HEV strain (genotype 3) was known to 

produce pregnancy mortality in rabbits (Wang et al. 2018)

• Hemochorial placenta consisting of 

syncytiotrophoblast cells (a layer of cells helping to 

exchange gases and nutrients between maternal blood 

and fetus) is present in both, humans and rabbits.

• Placental lactogen (PL) is produced from these 

syncytiotrophoblast cells during pregnancy and increases 

with terms of gestation in both humans and rabbits.

OBJECTIVES and HYPOTHESIS

INTRODUCTION METHODS

Study design for Objective 1 : 

✓ Homologous IRES sequence comparison between 

genotype 1 and genotype 3 HEV 

✓ Genotype 3 infectious clone was used to produce 

polyadenylated viral RNA transcripts that were used to 

transfect ORF4 expressing Huh7 cells using chemical 

method (MIRUS transfection kit)

✓ 48 hours post-transfection, cells were trypsinized and 

passaged 1:3 and left for 96 hours, adding fresh medium

✓ Quantitative test - fluorescence activated cell sorting 

analysis (FACS) was done after harvesting and fixing cells 

with methanol using ACCURI C6 Plus flow cytometer.

✓ Qualitative test – Immunofluorescence microscopy was 

done after fixing cells with methanol.

✓ Primary antibody – anti rabbit Kernow ORF2 

✓ Secondary antibody – goat anti-rabbit IgG Phycoerythrin

Study design for Objective 2:

✓ Fatty acid concentrations were measured in cells treated 

with 0.025 ug/ul placental lactogen at day 0, 2 and 4.

✓ Similar experiments to objective 1 with the exception that 

ORF4+ expressing human liver cells were treated with 

0.025 ug/ul placental lactogen on day 0, 2 and 4.

Analysis

GraphPad Prism Software 8.0 was used for data analysis 

using student’s t-test to assess significance.

METHODS

RESULTS and DISCUSSIONS
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Fig.3 Despite some conservation of IRES-like element

sequence between genotype 1 and genotype 3, genotype 3

IRES-like element is not functional (A), ORF4 translation

initiator, methionine (M) amino acid is missing in genotype 3

shown using translation maps (B), no IRES-like function is

detected in genotype 3 using ER stressor (tunicamycin, 15

ug/ml) with dual nano luciferase assay. EMCV’s

(encephalomyocarditis virus, positive control) IRES function is

independent of ER stressor compound, thus we see only

genotype 1 possesses IRES-like activity under ER stress (C).

RESULTS and DISCUSSIONS

Fig.4 Creation of cell lines constitutively expressing ORF4.

Lentiviral vector with or without ORF4 reading frame (A,B).

Infection of Huh7 cells and selection of eGFP (green

fluorescent protein) clonal (Cl) cells (C,D). ORF4 messenger

RNA was confirmed using RT-PCR with ORF4 specific primers

and obtaining specific ORF4 bands (500bp) in gel

electrophoresis (E). ORF4 protein (20kDa) expression was

detected using western blot analysis (F).
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Fig.5 Immunofluorescence detection of HEV ORF2 protein in

methanol-fixed ORF4+ expressing, ORF4- not expressing,

regular Huh7 cells and respective mock cells after 5 days post

transfection (dpt). Cells were stained with goat anti-rabbit IgG

H&L combined with anti-rabbit Alexa fluor 594 (red), and 4”, 6-

diamidino-2-phenylindole (DAPI) (blue) (A). ORF2 is

synthesized from sub-genomic RNA during HEV replication

which occurs at the later stage and is the indicative of HEV

replication. Flow cytometry quantification of ORF2 positive

cells in all 3 differing cell lines transfected with the capped

RNA transcripts of the HEV genotype 3 (P1, non-cell culture

adaptive and P6, cell culture adaptive) strains and HEV

genotype 1 (Sar55) strain, performed at 5 dpt (B). Cell lysates

after the replication study were used to infect HepG2C3A cells

(C). Viruses (P6, P1 and Sar55) from ORF4+ expressing cells

show higher ORF2% positive cells. Bar and star represents

(mean ± SEM) and (*p<0.05, **p<0.01, ***p<0.001) resp.
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❖ IRES-like activity which is necessary for ORF4 synthesis is 

absent in genotype 3 HEV ❖ Higher antigen presentation is seen in ORF4+ Huh7 cells

RESULTS DISCUSSIONS

Fig.6 ORF4+ expressing Huh7 cells were treated with 0.025

ug/ul placental lactogen (PL) on day 0, 2, 4 and harvested after

48 hours of treatment to detect increased lipolysis (breakdown of

lipids into fatty acids, FA) by determining the fatty acid

concentration using Abcam fatty acid kit (A). On day 6,

concentration of fatty acids was measured in mock cells, PL

treated and/or genotype 3 P6 HEV transfected (B).
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Fig.7 Enhanced P6 HEV antigen production in presence of PL as

demonstrated by increase in the number of ORF2% positive cells

(A) and phycoerythrin (PE) staining (B) in ORF4+ Huh7 cells

CONCLUSIONS

▪ Genotype 3 HEV replicates better in ORF4+ expressing 

human liver cell lines (Huh7) 

▪ Placental lactogen (PL) treatment increases fatty acid (FA) 

concentrations in ORF4+ expressing human liver cells (Huh7)

▪ HEV infection increases FA biosynthesis

▪ Genotype 3 HEV replication is enhanced in the presence of PL

IMPLICATIONS of the Study

▪ Our study developed an efficient cell culture system that can 

be utilized for studying difficult to propagate strains of HEV.

▪ HEV infection induces FA biosynthesis.

▪ We demonstrate the host factor placental lactogen which 

functions to increase fatty acids for fetal development is 

utilized by HEV to enhance its replication.

▪ Further study to understand the roles of placental lactogen in 

HEV pregnancy mortality are warranted.
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❖ HEV and placental lactogen (PL) increase FA biosynthesis, PL 

increases HEV replication
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Antibody used – 1) Anti-ORF4 rabbit serum against 

recombinant 6xHis ORF4, 1:1000 

2) Anti-rabbit IgG, HRP-linked species-specific whole 

antibody from goat, 1:1000
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