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Extract of Linum usitatissimum L. inhibits Coxsackievirus B3
Replication through AKT Signal Modulation
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Abstract — Coxsackievirus B3 (CVB3) is a very well-known causative agent for viral myocarditis and meningitis in human.
However, the effective vaccine and therapeutic drug are not developed yet. CVB3 infection activates host cell AKT signaling.
Inhibition of AKT signaling pathway may attenuate CVB3 replication and prevent CVB3-mediate viral myocarditis. In this
study, we determined antiviral effect of the selected natural plant extract to develop a therapeutic drug for CVB3 treatment. We
screened several chemically extracted natural compounds by using HeLa cell-based cell survival assay. Among them, Linum
usitatissimum L. extract was selected for antiviral drug candidate. L. usitatissimum extract significantly decreased CVB3 rep-
lication and cell death in CVB3 infected HeLa cells with no cytotoxicity. CVB3 protease 2A induced elF4G1 cleavage and viral
capsid protein VP1 production were dramatically decreased by L. usitatissimum extract treatment. In addition, virus positive
and negative strand genome amplification were significantly decreased by 1 mg/ml L. usitatissimum extract treatment. Espe-
cially, L. usitatissimum extract was associated with inhibition of AKT signal and maintain mTOR activity. In contrast, Atgl2
and LC3 expression were not changed by L. usitatissimum extract treatment. In this study, the potential AKT signal inhibitor,
L. usitatissimum extract, was significantly inhibited viral genome replication and protein production by inhibition of AKT sig-
nal. These results suggested that L. usitatissimum extract is a novel therapeutic agent for treatment of CVB3-mediated diseases.
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Fig. 1. Screening for anti-CVB3 natural extract. (A) Anti-enterovirus activity of natural extract was screened using in-vitro HeLa
cell survival assay following coxsackievirus B3 infection. 100 pg/ml and 10 pg/ml concentration of L. usitatissimum extract sig-
nificantly increase virus infected cell survival. (B) L. usitatissimum extract do not have cytotoxicity in 1000 pg/ml concentration.
Linum Semen (L. usitatissimum), Amomi Semen (Amomum xanthoides), Gossypii Semen (Gossypium nanking), Pini Pollen (Pinus
densiflora), Mori Ramulus (Morus alba).
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Fig. 2. L. usitatissimum extract inhibit CVB3 replication in HeLa cells. (A) L. usitatissimum extract was significantly inhibited
CVB3 replication. Viral capsid protein VP1 and cleaved elF4GI were reduced by high concentration L. usitatissimum extract treat-
ment. (B) Western blot band was quantified by image J software.
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Fig. 3. L. wsitatissimum extract inhibit CVB3 progenitor production. (A) CVB3 propagation was observed by CVB3-GFP infection.
Virus replication correlated with GFP expression. 1 mg/ml of L. usitatissimum extract was significantly reduced GFP expressed cell
number. (B) The live virus of cell supernatant was measured by PFU assay. L. usitatissimum extract was significantly reduced prog-
eny virus production. Data are presented as the mean plus or minus the standard error of the mean from 3 independent experiments

(**%P<0.01; **P<0.01).
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Fig. 4. L. usitatissimum extract inhibit CVB3 genome amplification. (A) CVB3 genome amplification was confirmed in CVB3
infected HeLa cells with L. usitatissimum extract treatment. CVB3 capsid protein VP1 gene positive and negative strand were
amplified by reverse transcription PCR. Both strand of VP1 gene was significantly decreased by extract treatment. (B) Data are pre-
sented as the mean plus or minus the standard error of the mean from 3 independent experiments (***P<0.01; **P<0.01).
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Fig. 5. L. usitatissimum extract inhibits cell survival signaling
molecule activity. (A) Linum Semen extract was added to
HeLa cells following CVB3 infection. AKT Ser473 phosphor-
ylation were dramatically inhibited by L. usitatissimum extract
in 1 mg/ml treatment. (B) L. wsitatissimum extract was not
inhibited autophagy formation relate signal molecules such as
Atgl2 and LC3. Data are presented from 3 independent exper-
iments.
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Fig. 6. Schematic diagram of L. wusitatissimum extract antiviral
mechanism. AKT Ser473 phosphorylation of survival cell sig-
nal kinase and downstream target were dramatically regulated
by L. usitatissimum extract in a high concentration treatment.
These signaling molecule activity may correlate with CVB3
replication in HeLa cells. But the inhibition of AKT signal
was not associated with the regulation of autophagy formation
molecules.
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