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for anti-CVB3 drug discovery

SHENG Wen', WANG Hui-giang"*’, LI Yu-huan**

(1. Beijing Key Laboratory of Technology and Application for Anti-Infective New Drugs Research and Development,
Institute of Medicinal Biotechnology, Chinese Academy of Medical Sciences & Peking Union Medical College, Beijing
100050, China, 2. Jiangsu Key Laboratory of Antiviral Drug Research, Nanjing 210046, China)

Abstract: Coxsackievirus B3 is a major pathogen responsible for viral myocarditis and is associated with
various severe diseases, including dilated cardiomyopathy and pancreatitis. However, no vaccines or specific drugs
have been approved for CVB3 infection to date. High content screening technology, which integrates confocal
microscopy with multidimensional intelligent image analysis, offers significant advantages for drug screening. In
this study, utilizing an EGFP-CVB3 reporter virus, we successfully established a stable and reliable quantitative
high-content imaging system for screening anti-CVB3 drugs. This system enables the simultaneous acquisition of
multi-parametric data at the single-cell level, including infection rate, cell morphology, and organelle status. The
assay was validated using known positive compounds. In conclusion, this system facilitates high-throughput
screening of candidate compounds against CVB3 within a single viral life cycle, providing a rapid and sensitive
technological tool to accelerate the discovery of anti-CVB3 drugs.
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Figure 1 Fluorescence signal characterization of EGFP-CVB3 virus. A: Genomic architecture of EGFP-CVB3; B: EGFP and highlight
channel signals were captured at 8 h post-infection using a high-content imaging system in cells infected with EGFP-CVB3 (MOI = 2). Scale

bar: 200 pm, magnification: 20x; C: Effects of gradient concentrations of EGFP-CVB3 on the expression of EGFP and VP1 proteins; D:

Immunofluorescence staining of EGFP and CVB3 VP1 in cells at 8 h post-infection, with nuclei counterstained by Hoechst. Mock-infected

(control) and CVB3-infected cells are shown, with merged images overlaying nuclear (blue), EGFP (green), and VP1 (orange) signals. Scale

bar: 200 pm, magnification: 20x. CVB3: Coxsackievirus B3; MOI: Multiplicity of infection
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Establishment of a high-content quantitative detection system for EGFP-CVB3 infection rate. A: Analysis workflow for

quantitative detection of EGFP-CVB3 infection rate using high-content imaging systems. In the input image, the blue signal represents

Hoechst-stained nuclei for cell counting, and the green EGFP signal is used to identify infected cells. In the output image, the red signal

indicates the cells that have been identified as infected; B: EGFP fluorescence, highlight, and merged images of HeLa cells at 8 h post-
infection with EGFP-CVB3 at the indicated MOIs (0.2, 2, 20). Scale bar: 200 pm, magnification: 20x; C: Infection rates of EGFP-CVB3 at

different concentrations; D: Robustness validation of the system via Z' factor. n =3, x+s."P<0.05,
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Figure 3 Dynamic validation of the EGFP-CVB3 replication cycle. A: Time-course analysis of EGFP-CVB3 infection in HeLa cells,
showing EGFP fluorescence, highlight, and merged images at 0, 5, and 8 h post-infection. Scale bar: 200 um, magnification: 20x; B: The
infection rate of EGFP-CVB3 gradually increased over 8 h post-infection, reaching more than 80% at 8 h; C: Temporal changes in CVB3
VP1 RNA levels; D: The protein band of CVB3 VP1 became progressively distinct at 5 h post-infection; E: Intracellular progeny virus titer.
n=3,xxs P<0.01,""P<0.001 vs 0 h. ns: Not significant
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Figure 4 Cytotoxicity of the four positive compounds. HeLa cells were treated with increasing concentrations of pleconaril (A), rupintrivir
(B), azvudine (C), and dibucaine (D) for 48 h. Cell viability was assessed to determine the cytotoxic effects of each compound, with the TC,

values indicated for each agent. TC,; = 50% toxicity concentration. n = 3, x£s
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Figure 5 Validation of the screening system using positive compounds. To validate the reliability of the screening system, HeLa cells were
infected with EGFP-CVB3 at a MOI of 2 and simultaneously treated with different concentrations of pleconaril (A), rupintrivir (B),
azvudine (C), and dibucaine (D) for 8 h. The infection rate was assessed via EGFP signaling, and the inhibition rate was calculated by the

formula: [(Virus group infection rate — Drug-treated group infection rate) x 100%]/Virus group infection rate. n =3, x s
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Table 1 IC,, values of compounds determined by the cytopathic effect (CPE) assay and high-content screening (HCS) assay. For the CPE
assay at 48 h post-infection, HeLa cells were infected with EGFP-CVB3 at a MOI of 2x10™. For the CPE assay at 8 h post-infection and the
HCS assay at 8 h post-infection, cells were infected with EGFP-CVB3 ata MOI of 2. n=3,x £ . IC,, = 50% inhibitory concentration

IC, /umol-L" Pleconaril Rupintrivir Azvudine Dibucaine
CPE 48 h 0.006 + 0.00 0.04 +0.03 0.03 +0.02 3.21 £0.00
CPEg8h 3.07+2.81 0.10 +0.02 0.03+0.01 3.21+0.00
HCS 8 h 0.84 +0.41 0.13+£0.02 0.06 +0.03 5.41 +£2.64

A EGFP-CVB3 / MOI=2

Mock Control Jasplakinolide Pleconaril

Hoechst

F-actin

Merge

B EGFP-CVB3 / MOI=2
Mdivi-1

Mock Control Mitoquinone mesylate 3-Methyladenine Pleconaril

Hoechst

Mitochondria

EGFP

Merge

Figure 6 Direct-acting antiviral compounds protect cells from EGFP-CVB3-induced damage at 8 h post-infection. A: Nuclei (blue,
Hoechst) and cytoplasmic F-actin (green, Alexa-488) staining in mock-infected, EGFP-CVB3-infected (control), and compound-treated
(jasplakinolide 100 nmol-L", pleconaril 6.25 pumol-L™") cells; B: Nuclei (blue, Hoechst), mitochondria (orange, MitoTracker), and
EGFP-CVBS3 (green) staining in mock-infected, EGFP-CVB3-infected (control), and compound-treated (mitoquinone mesylate 1 umol-L™,
Mdivi-1 30 pmol-L", 3-methyladenine 10 mmol-L", pleconaril 6.25 pmol-L™") cells. Scale bar: 100 pm, magnification: 40x
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