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The herpesviruses are characterized by their
ability to undergo a productive infection
upon infection of the host organism and
then spread to establish a latent infection
where they persist in the host. Later, under
conditions of stress or other environmental
stimuli, they reactivate to undergo a pro-
ductive infection and spread to new host
organisms. Herpes simplex virus (HSV), in
particular, undergoes a productive infection
in the mucosal epithelium and spreads to
sensory neurons where it undergoes a latent
infection. Reactivation leads to virus shed-
ding but can also lead to recurrent disease.
Much of the herpetic disease occurs following
reactivation from latent infection, and all of
the available antivirals target lytic infection.
Thus, an understanding of the mechanisms
of establishment and reactivation of HSV
from latent infection is important for devising
approaches for controlling HSV establish-
ment, maintenance, and reactivation from
latent infection. In epithelial cells, the HSV
genome is initially silenced by host epige-
netic mechanisms, but the virion protein 16
(VP16) and immediate early (IE) infected cell
protein 0 reverse the heterochromatin mod-
ifications and promote euchromatin modifi-
cations on viral chromatin to promote lytic
gene transcription, allowing lytic infection to
proceed (1). In sensory neurons, VP16 can-
not localize to the nucleus and/or assemble
into nuclear complexes to activate IE gene
expression, so the lytic cascade of gene ex-
pression is not initiated. Instead, a neuron-
specific promoter in the viral genome drives
the expression of the latency-associated tran-
script (LAT), which is processed into a stable
lariat intron and microRNAs (miRNAs) (2).
LAT is reported to enhance neuronal sur-
vival in several ways: (i) down-regulating
lytic gene expression (3) by LAT sequences
acting as a long noncoding RNA and promot-
ing epigenetic silencing of lytic genes (4, 5); (ii)
serving as a precursor for viral miRNAs that
inhibit lytic gene expression (6); (iii) inhibiting
apoptosis (7); and (iv) promoting of survival of
infected neurons by nonapoptotic mechanisms

(8). Thus, understanding of the mecha-
nisms regulating the expression of LAT is
critical for antiviral strategies targeting latent
infection. In PNAS, Shu et al. (9) identify
Activating Transcription Factor 3 (ATF3) as
a host factor that induces expression of LAT
in infected cells in culture and plays a role in
maintaining latent infection in murine tri-
geminal ganglion sensory neurons.
A novel approach used by Roizman and

colleagues in this and previous studies (10,
11) to examine the function of host factors
in viral pathogenesis is to express wild type
(WT) and dominant negative mutant host
proteins from the viral genome to determine
the effect of the factor on viral infection
in vivo. In this study, they inserted WT and
mutant ATF3 genes into the viral genome
and studied these viruses in a murine reacti-
vation model. A virus expressing WT ATF3
showed lower levels of reactivating lytic gene
expression, consistent with ATF3 maintain-
ing latent infection. In contrast, a virus
expressing a dominant negative mutant form
of ATF3 showed enhanced lytic gene expres-
sion during latent infection, consistent with
the mutant ATF3 blocking the normal func-
tion of ATF3. They propose that HSV infec-
tion of neurons, or the stress induced by viral
infection, induces the expression of ATF3,
which increases the level of LAT transcrip-
tion, which then would promote latent infec-
tion, by any or all of the mechanisms listed
above (Fig. 1). The identification of a host
factor that is induced by HSV infection and
that is involved in LAT expression and main-
taining latent infection is an important ad-
vance in our knowledge of the mechanisms
of HSV latent infection.
ATF3 is a transcription factor that is

normally expressed at low levels in cells,
but it is induced by a number of stimuli. It
was originally considered to be a stress-
induced transcription factor, but it is now
considered to be a central part of a broader
cellular adaptive response network to signals
perturbing cellular homeostasis (12). It is a
cAMP response element (CREB)-binding

protein, and it can form homodimers and
heterodimers with other CREB/ATF pro-
teins. It can serve as a repressor in addition
to its eponymous function on different pro-
moters and in different cell types. There are
several CREB sites on the HSV genome, in-
cluding two in the LAT promoter (13, 14)
named Cre1 and Cre2. Shu et al. (9) found
that ATF3 can bind to both sites. Some mu-
tational analyses of the viral genome have
been conducted, but only the Cre1 site has
been mutated. Therefore, the phenotypes
might be expected to be only partial in na-
ture. HSV-1 Cre1 mutant viruses show re-
duced reactivation in murine and rabbit
ocular infection models but little change in
LAT RNA levels (15–17).
It is important to consider the two differ-

ent potential effects of ATF3 discussed in this
paper. ATF3 could affect establishment and/
or maintenance of latent infection, based on
two observations in this paper. Shu et al. (9)
show that HSV infection of cultured cells in-
duces ATF3 RNA expression, which could
then promote the induction of LAT. Expres-
sion of ATF3 from the virus does not affect
lytic infection, presumably because the LAT
promoter does not function in nonneuronal
cells. However, Shu et al. also show that ex-
plant of latently infected sensory ganglia in-
duces ATF3 RNA expression. Expression of
ATF3 from the virus does reduce lytic gene
expression due to reactivation, and a domi-
nant negative ATF3 promotes lytic gene
expression. Therefore, in neurons, ATF3
expression can inhibit lytic gene expression
and promote maintenance of the latent in-
fection. This, however, leaves us to explain
the induction of ATF3 at the same time as
reactivation is induced following explant. We
do not know that ATF3 protein is induced,
only that ATF3 transcripts are induced. Al-
ternatively, the ATF3 that is induced during
explant may be overridden by other signals
inducing reactivation.
As with many publications that provide

important new ideas, there are many new
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questions raised, and much remains to be
done to substantiate this model. (i) Does
ATF3 promote the expression of LAT in sen-
sory neurons in vivo? Thus far, only lytic in-
fection in cultured cells has been studied with
the viruses expressing ATF3. (ii) Does ATF3
impact the level of establishment of latent in-
fection? This study looks at the effect of mu-
tant ATF3 molecules on reactivation but does
not report on the level of latent infection.
(iii) ATF3 is induced by explant of ganglia,
but that does not normally prevent reactiva-
tion, if NGF is depleted. Therefore, the precise
role of ATF3 in vivo remains to be determined.
(iv) What HSV function(s) induce ATF3?
ATF3 is induced by DNA damage repair
and NF-κB, both of which are induced
by HSV infection (2). Alternatively, HSV
transactivators may induce expression of
the cellular ATF3 gene; therefore, there
are multiple possible ways by which HSV
might induce ATF-3. (v) Is ATF3 induced
during latent infection due to cellular
mechanisms “sensing” the latent virus?
The answers to these questions will greatly
expand our understanding of the mecha-
nisms of HSV latent infection.
All of the current herpes antiviral drugs

target lytic infection functions; thus, the
identification of a function that maintains
latent infection provides an important
target for possible intervention with a
therapeutic. If the mechanism of induction
of ATF3 were elucidated, this might pro-
vide a target for blocking induction of
LAT and establishment of latent infection.
For example, if it is due to NF-κB, numerous

inhibitors of NF-κB exist (18). Furthermore,
blocking induction of ATF3 during latent in-
fection may result in reduced LAT expression
and destabilization of latent infection. Alterna-
tively, induction of ATF3 by NF-κB agonists
could increase LAT during latent infection
and promote maintenance of latent infection,
thereby locking in latent infection, as others
have proposed (19). Locking in latent infection
may be safer for HSV than inducing reactiva-

tion, because reactivation from latent infection
in the nervous system may lead to unde-
sired disease outcomes. Indeed, this paper
provides numerous possible future exper-
iments on both the mechanisms of HSV la-
tent infection and the approaches for treating
latent infection.
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Fig. 1. Model proposed by Shu etal. (9) for the role of ATF3 in HSV latent infection.
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