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Cells have developed a number of

mechanisms to detect and suppress

microbial infections. The use of pattern

recognition receptors (PRRs) is one such

mechanism. PRRs may be expressed on

the cell surface, in the cytosol, or in the

endosomes, to detect pathogen-associat-

ed molecular patterns (PAMPs) or the

danger signals released by damaged cells

(i.e., damage-associated molecular pat-

terns; DAMPs). PRR activation triggers

a signaling cascade, resulting in the

production of antimicrobial cytokines,

including type I interferons. These cyto-

kines will in turn induce the expression of

genes, such as interferon-stimulated

genes (ISGs), that exhibit antimicrobial

activities. In addition to PRRs, autoph-

agy is another intracellular defense

mechanism. Autophagy is used by the

cells to remove intracellular pathogens in

a process known as xenophagy [1]. Many

viruses have developed different mecha-

nisms to suppress these innate immune

responses for their survival. A notable

example is the cleavage of the mitochon-

drial antiviral signaling protein (MAVS)

by the hepatitis C virus (HCV) NS3

protease [2]. MAVS is an important

downstream adaptor molecule of RIG-I,

which is a cytosolic PRR that can be

activated by the HCV genomic RNA.

Another example is the influenza virus

NS1 protein, which binds to the E3

ubiquitin ligase TRIM25 to prevent it

from activating RIG-I [3]. Similarly, the

autophagy pathway may also be sup-

pressed by viruses or even exploited by

viruses to benefit their own replication.

The former is typified by the herpes

simplex virus-1 (HSV-1) ICP34.5 pro-

tein, which binds to Beclin-1 to prevent it

from binding to and activating the class

III phosphatidylinositol-3-kinase, an en-

zyme important for the initiation of

autophagy. An example of the latter is

HCV, which uses autophagy to enhance

its replication [4].

In the report by Ducroux et al. [5], the

authors presented yet another type of

cellular control of viral infections. By using

a tandem-affinity purification approach,

the authors identified Spindlin1 as a

binding partner of the hepatitis B virus

(HBV) X protein (HBx). They subsequent-

ly discovered that Spindlin1 could

suppress the replication of HBV, as its

overexpression reduced the levels of HBV

RNA and DNA replicative intermediates.

On the contrary, depletion of Spindlin1 by

RNA interference enhanced HBV repli-

cation. They then demonstrated that the

suppressive effect of Spindlin1 on HBV

was at the transcriptional level, as the

overexpression of Spindlin1 reduced the

transcriptional activity of HBV DNA by

80% in a nuclear run-on experiment. This

effect of Spindlin1 on HBV was specific, as

it was not observed with the cellular gene

cyclin A2.

Spindlin1 contains three Tudor-like

domains and can bind to trimethylated

lysine 4 (H3K4me3) and asymmetric

dimethylated arginine 8 (H3R8me2a) of

histone H3 [6]. In the chromatin immu-

noprecipitation (ChIP) assay, Ducroux et

al. demonstrated that Spindlin1 could

bind to the HBV covalently closed circular

DNA (cccDNA) genome. Interestingly,

this binding was enhanced if the expres-

sion of HBx from the viral genome was

abolished, suggesting an inhibitory role of

HBx in the binding of Spindlin1 to the

HBV genome. It does not appear likely

that Spindlin1 binds to HBV cccDNA via

H3K4me3, though, as the depletion of

Spindlin1 actually led to a significant

increase of the level of H3K4me3 in the

HBV cccDNA. Their results suggested

that Spindlin1, by binding to the HBV
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Figure 1. Model for epigenetic regulation of HBV gene expression by Spindlin1. HBV
cccDNA in the nucleus is associated with nucleosomes, which may be modified by trimethylation
at lysine 4 of histone H3 (H3K4me3). Spindlin1 binds the HBV cccDNA to reduce the H3K4me3
level, resulting in the suppression of HBV gene expression. In the presence of HBx, Spindlin1 is
sequestered from the cccDNA and the level of H3K4me3 increases, leading to the activation of
HBV gene expression.
doi:10.1371/journal.ppat.1004370.g001
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cccDNA, inhibits this post-translational

modification of histone H3, which is

associated with actively transcribed genes

(Figure 1) [7].

A similar suppressive effect of Spindlin1

on the transcription of HSV-1 RNA was

also observed by the authors. They found

that the depletion of Spindlin1 also

increased the ICP27 RNA level of HSV-

1. In contrast, Spindlin1 had no effect on

the replication of HCV, an RNA virus.

Their results raise the possibility that

Spindlin1, either by itself or by interacting

with an unknown partner or partners, may

represent a new class of PRRs that detect

and suppress gene expression of DNA

viruses by reducing the H3K4me3 level on

the viral genome. If Spindlin1 is indeed a

new PRR, then it will be interesting to

determine how Spindlin1 differentiates

episomal viral DNA from self DNA and

what PAMPs it recognizes on the viral

DNA. In their studies on HSV-1, Ducroux

et al. did not demonstrate whether Spin-

dlin1 could indeed reduce the H3K4me3

level associated with the HSV-1 genome,

which must be demonstrated if the ability

of Spindlin1 to exert epigenetic control on

gene expression of DNA viruses is to be

generalized. It will also be interesting in

the future to determine whether Spindlin1

exhibits the same suppressive effect on

other DNA viruses such as papillomavi-

ruses and polyomaviruses and whether

these DNA viruses also express gene

products that can antagonize the suppres-

sive effect of Spindlin1.
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