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1.  Prohibitin-1 contributes to the cell-to-cell 
transmission of herpes simplex virus 1 via the 
MAPK/ERK signaling pathway
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Viral cell-to-cell spread, a method employed by 
several viral families for entrance via cell junctions, is 
highly relevant to the pathogenesis of various viral 
infections. Cell-to-cell spread of herpes simplex virus 
1 (HSV-1) is known to depend greatly on envelope 
glycoprotein E (gE). However, the molecular mecha-
nism by which gE acts in HSV-1 cell-to-cell spread 
and the mechanisms of cell-to-cell spread by other 
herpesviruses remain poorly understood. Here, we 
describe our identification of prohibitin-1 as a novel 
gE-interacting host cell protein. Ectopic expression of 
prohibitin-1 increased gE-dependent HSV-1 cell-to-
cell spread. As observed with the gE-null mutation, 
decreased expression or pharmacological inhibition 
of prohibitin-1 reduced HSV-1 cell-to-cell spread 
without affecting the yield of virus progeny. Similar 
effects were produced by pharmacological inhibition 
of the mitogen-activated protein kinase/extracellular 
signal-regulated kinase (MAPK/ERK) pathway, 
wherein prohibitin-1 acts as a protein scaffold and is 
required for induction of this pathway. Furthermore, 
artificial activation of the MAPK/ERK pathway re-
stored HSV-1 cell-to-cell spread impaired by the gE-
null mutation. Notably, pharmacological inhibition of 
prohibitins or the MAPK/ERK pathway reduced viral 
cell-to-cell spread of representative members in all 
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herpesvirus subfamilies. Our results suggest that pro-
hibitin-1 contributes to gE-dependent HSV-1 cell-to-
cell spread via the MAPK/ERK pathway and that this 
mechanism is conserved throughout the Herpesviri-
dae, whereas gE is conserved only in the Alphaher-
pesvirinae subfamily.

IMPORTANCE Herpesviruses are ubiquitous 
pathogens of various animals, including humans. 
These viruses primarily pass through cell junctions to 
spread to uninfected cells. This method of cell-to-cell 
spread is an important pathogenic characteristic of 
these viruses. Here, we show that the host cell protein 
prohibitin-1 contributes to HSV-1 cell-to-cell spread 
via a downstream intracellular signaling cascade, the 
MAPK/ERK pathway. We also demonstrate that the 
role of the prohibitin-1-mediated MAPK/ERK path-
way in viral cell-to-cell spread is conserved in repre-
sentative members of every herpesvirus subfamily. 
This study has revealed a common molecular mecha-
nism of the cell-to-cell spread of herpesviruses.

2.  Role of the DNA binding activity of herpes sim-
plex virus 1 VP22 in evading AIM2-dependent 
inflammasome activation induced by the virus

Yuhei Maruzuru, Naoto Koyanagi, Akihisa Kato, 
and Yasushi Kawaguchi

AIM2 is a cytosolic DNA sensor of the inflammas-
ome, which induces critical innate immune responses 
against various invading pathogens. Earlier biochem-
ical studies showed that the binding of AIM2 to DNA 
triggered the self-oligomerization of AIM2, which is 
essential for AIM2 inflammasome activation. We re-
cently reported that VP22, a virion tegument protein 
of herpes simplex virus 1 (HSV-1), inhibited activa-

tion of the AIM2 inflammasome in HSV-1-infected 
cells by preventing AIM2 oligomerization. VP22 
binds non-specifically to DNA; however, its role in 
HSV-1 replication is unclear. We investigated the role 
of VP22 DNA binding activity in the VP22-mediated 
inhibition of AIM2 inflammasome activation. We 
identified a VP22 domain encoded by amino acids 
227 to 258 as the minimal domain required for its 
binding to DNA in vitro Consecutive alanine substi-
tutions in this domain substantially impaired the 
DNA binding activity of VP22 in vitro and attenuated 
the inhibitory effect of VP22 on AIM2 inflammasome 
activation in an AIM2 inflammasome reconstitution 
system. The inhibitory effect of VP22 on AIM2 inflam-
masome activation was completely abolished in mac-
rophages infected with a recombinant virus harbor-
ing VP22 with one of the consecutive alanine 
substitutions, similar to the effect of a VP22-null mu-
tant virus. These results suggested that the DNA 
binding activity of VP22 is critical for VP22-mediated 
AIM2 inflammasome activation in HSV1-infected 
cells.

IMPORTANCE VP22, a major component of the 
HSV-1 virion tegument, is conserved in alphaherpes-
viruses and has structural similarity to ORF52, a com-
ponent of the virion tegument that is well-conserved 
in gammaherpesviruses. Although the potential DNA 
binding activity of VP22 was discovered decades ago, 
its significance in the HSV-1 life cycle is poorly under-
stood. Here, we show that the DNA binding activity 
of VP22 is critical for the inhibition of AIM2 inflam-
masome activation induced in HSV-1-infected cells. 
This is the first report to show a role for the DNA 
binding activity of VP22 in the HSV-1 life cycle, al-
lowing the virus to evade AIM2 inflammasome acti-
vation, which is critical for its replication in vivo.
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