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Infections by herpesviruses are widespread 
in humans and are the causes for several 
important diseases. Gammaherpesvirus 
Kaposi’s sarcoma-associated herpesvirus 
(KSHV) is etiologically associated with 
Kaposi’s sarcoma (KS), a highly inflam-
matory and angiogenic cancer com-
monly found in AIDS patients.1 KSHV 
is also associated with primary effusion 
lymphoma and a subset of multicentric 
Castleman’s disease, two rare lymphopro-
liferative malignancies.

A hallmark of herpesviral infection is 
latency. During this phase of lifecycle, the 
virus produces no or limited viral proteins 
to evade host immune surveillance. Upon 
induction by host or environmental stim-
ulus such as stress or immunosuppression, 
the virus switches into lytic replication, 
which is another phase of viral life cycle 
often associated with clinical diseases. 
Like other herpesviruses, KSHV also 
establishes a persistent latent infection fol-
lowing acute infection. During latency, 
KSHV persists as episomes in the nucleus 
and expresses only a few latent genes 
including viral homologs of the cellular 
FADD-like interleukin-1-β-converting 
enzyme (FLICE)/caspase-8-inhibitory 
protein (vFLIP) and cellular cyclin D 
(vCyclin), and latent nuclear antigen 
(LANA) encoded by ORF71, ORF72 
and ORF73, respectively, from the so-
called “latency locus” of its genome.1 In 
KS lesions, the majority of the tumor cells 
are latently infected by KSHV, under-
scoring the essential role of this phase 
of viral lifecycle in tumor development. 
However, a small number of the infected 
cells also undergo spontaneous lytic rep-
lication. KSHV lytic replication and the 
resulting de novo infection produce viral 
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homologs of cytokines and induce cellu-
lar cytokines, all of which promote tumor 
inflammation and growth.1 Thus, the 
mechanism of latency and reactivation is 
a central conundrum for KSHV biology 
and pathogenesis.

Significant advancement has been 
made towards understanding the molecu-
lar basis of KSHV lytic replication in the 
last decade. The replication and transcrip-
tional activator (RTA) encoded by ORF50 
is a key mediator of KSHV lytic replica-
tion. Activation of a number of cellular 
pathways such as mitogen-activated pro-
tein kinase (MAPK) pathways leads to the 
induction of RTA and lytic replication.1 In 
contrast, less is known about the mecha-
nism of KSHV latency. Similar to other 
herpesviruses, a successful latent infection 
requires not only the survival of latent cells 
and persistence of viral episome but also 
tight control of viral lytic replication. So 
far, the latent proteins have been shown 
to be essential for achieving KSHV latent 
status. LANA promotes KSHV latency by 
mediating efficient episome replication and 
proper segregation of the viral genomes into 
daughter cells during mitosis. As a result, 
genetic “knockout” of LANA prevents 
the establishment of latency and leads to 
a rapid loss of viral genomes.2 LANA also 
promotes the growth and survival of latent 
cells by inhibiting p53 and pRb tumor 
suppressor pathways, and activating mito-
genic/oncogenic c-Myc, β-catenin and 
MAPK pathways.1 Furthermore, LANA 
controls viral lytic replication by epige-
netic silencing of the KSHV genome and 
inhibition of RTA transactivation func-
tion. Indeed, the LANA deletion mutant 
has increased expression levels of RTA and 
lytic replication.3

KSHV vCyclin and vFLIP also pro-
mote viral latency. vCyclin promotes cell 
growth by accelerating cell cycle progres-
sion while vFLIP enhances cell survival by 
activating both canonical and noncanoni-
cal NFκB pathways.1 Furthermore, vFLIP 
suppresses the AP-1 pathway to inhibit 
KSHV lytic replication program by acti-
vating the NFκB pathway.4 Consequently, 
genetic deletion of vFLIP enhanced KSHV 
lytic replication while overexpression of 
vFLIP inhibits viral lytic replication.

microRNAs (miRNAs) are a class of -22 
nt long non-coding small RNAs that pri-
marily regulate gene expression at the post-
transcriptional level. miRNAs are involved 
in regulating diverse biological processes, 
including development, differentiation, 
metabolism, cancer and viral infection. 
The discovery of miRNAs encoded by her-
pesviruses indicates that this fundamental 
mode of gene regulation is also present in 
these viruses. Interestingly, the majority of 
herpesviral miRNAs are expressed during 
latency, implicating their potential role 
in this phase of viral lifecycle.5 Indeed, 
a number of herpesviral miRNAs have 
been shown to promote latency by directly 
targeting the viral immediate-early genes 
to inhibit lytic replication of herpes sim-
plex virus and human cytomegalovirus.5 
KSHV encodes 17 miRNAs derived from  
12 pre-miRNAs, all of which are expressed 
from the latency locus. While a number of 
these miRNAs have been shown to target 
regulators of various cellular functions 
including cell survival, angiogenesis and 
cytokine secretion,6-11 their role in KSHV 
latency and replication remains unknown. 
Since all KSHV miRNAs are expressed 
during latency, we hypothesized that they 
have important role in latency. We set up 
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products encoded by the viral “latency 
locus” as summarized in Figure 1. Thus, 
our results have provided further insights 
into the mechanism KSHV latency and 
reactivation.
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when our study was published, two other 
independent studies also reported inhibi-
tion of viral lytic replication by KSHV 
miRNAs. In the first study, miRNA-K9* 
was shown to target RTA.13 In the sec-
ond study, miRNA-K4-5p was shown to 
epigenetically repress RTA expression by 
targeting Retinoblastoma (Rb)-like pro-
tein 2, a transcriptional repressor of DNA 
methyl transferases 1, 3a and 3b.14 These 
results, together with the known func-
tions of other viral latent genes, indicate 
that the mechanism of KSHV latency is 
complex, involving multiple viral products 
and pathways.

The identification of NFκB pathway as 
a target of a KSHV miRNA12 is intriguing 
as it is a cellular pathway involved in the 
latency of several gammaherpesviruses, as 
well as in immunity, inflammation and 
tumor development. The mechanism by 
which miRNA-K1 activates NFκB path-
way is also distinct from that of vFLIP, 
which activates the same pathway by 
interacting with IKKγ. Nevertheless, the 
outcome is the same in that both con-
trol KSHV latency by suppressing lytic 
replication and promoting cell survival, 
a task that seems to be fulfilled by all 

experiments to interrogate their functions 
in KSHV lifecycle by generating a mutant 
virus with a deletion of a cluster of 10 
pre-miRNAs encoding 14 of the 17 miR-
NAs.12 Upon reconstitution in mamma-
lian cells, we found that cells infected by 
the mutant virus expressed normal levels 
of latent genes but significant higher level 
of RTA and had an enhanced level of viral 
lytic replication than those infected by 
the wild-type virus. Interestingly, mutant 
virus-infected cells displayed a lower level 
of NFκB activity, which was correlated 
with a higher level of IκBα, a protein that 
inhibits NFκB activation. These results 
led to the hypothesis that viral miRNAs 
might target IκBα to promote cell survival 
and KSHV latency. Indeed, we found that 
one of the KSHV miRNAs, miRNA-K1, 
directly targets IκBα to enhance NFκB 
activation. Similar to the situation of 
vFLIP, miRNA-K1-mediated activation of 
NFκB pathway also led to the inhibition of 
RTA expression and viral lytic replication. 
Thus, unlike other herpesviral miRNAs, 
our results define a novel regulatory mech-
anism of viral latency and lytic replication 
for KSHV miRNAs, i.e., by “hijacking” a 
host survival pathway.12 At the same time 

Figure 1. Multiple mechanisms regulate KSHV latency and cell survival. (A) Schematic illustration of KSHV latent genes and products located within 
the “latency locus” of the viral genome; (B) KSHV latent genes and products employ distinct mechanisms to promote viral latency. LANA maintains epi-
some persistence, enhances cell growth, and inhibits lytic replication. vCyclin promotes cell growth by regulating cell cycle. Both vFLIP and miRNA-K1 
target the NFκB pathway to inhibit KSHV lytic replication and promote cell survival.


