
miRNAs are a class of noncoding RNAs, generally 21
or 22 nucleotides in length, that are expressed by all
animals and plants examined thus far. More than 300
miRNAs have been identified in human cells, and com-
parable numbers are likely to be expressed in all other
vertebrate animals (Bartel 2004).

Cellular miRNAs are initially transcribed as part of
one arm of an approximately 80-nucleotide stem-loop
that in turn forms part of a longer capped, polyadeny-
lated RNA (Cai et al. 2004; Lee et al. 2004). This pri-
mary miRNA (pri-miRNA) transcript is recognized by
the nuclear microprocessor complex, consisting mini-
mally of the RNase III enzyme Drosha and the RNA-
binding cofactor DGCR8, which cleaves the stem of the
pri-miRNA to liberate an approximately 60-nucleotide
RNA hairpin—the pre-miRNA intermediate—bearing a
2-nucleotide 3′ overhang (Denli et al. 2004; Gregory et
al. 2004; Han et al. 2004). Because the pri-miRNA
sequences that flank the pre-miRNA hairpin are retained
in the nucleus and degraded, active pri-miRNAs are not
capable of simultaneously functioning as an mRNA
(Cai et al. 2004). As a result, cellular miRNA hairpins
are generally found in noncoding RNAs or within the
introns of coding or noncoding RNA polymerase II tran-
scripts (Bartel 2004). However, pri-miRNAs can func-
tion as mRNAs if they can be exported to the cytoplasm
before they are cleaved by the microprocessor complex
(Cai et al. 2004).

The pre-miRNA is exported to the cytoplasm by the
karyopherin family member Exportin 5 (Yi et al. 2003),
where it is recognized and bound by a second RNase III
family member, Dicer. Dicer removes the terminal loop
and gives rise to the miRNA duplex intermediate, an
approximately 19-bp-long double-stranded RNA
(dsRNA) bearing 2-nucleotide 3′ overhangs at each end
(Cullen 2004). One strand of this duplex is then selec-
tively incorporated into the RNA-induced silencing com-
plex (RISC), where it acts as a guide RNA to direct RISC
to complementary RNA sequences (Hammond et al.
2000; Martinez et al. 2002; Schwarz et al. 2002). Once

bound, RISC can inhibit mRNA function by direct cleav-
age of the mRNA if the degree of complementarity is
high or by inhibiting the translation of the mRNA if the
degree of complementarity is more limited (Doench et al.
2003; Zeng et al. 2003).

The miRNA-mediated pathway of posttranscriptional
gene regulation is thought to have a key role in many
aspects of differentiation and development and is active
in all cell types at all stages in an animal’s development
(Bartel 2004). Because miRNA processing can occur
efficiently with pri-miRNA precursors as short as about
200 nucleotides (Zeng and Cullen 2003), and because
miRNAs are not likely to be antigenic, they also have the
potential to provide a facile mechanism for viruses to
down-regulate host-cell gene products that might act to
limit viral replication. However, as discussed in more
detail elsewhere (Cullen 2006), the fact that the pri-
miRNA precursor is cleaved in the nucleus to liberate the
pre-miRNA hairpin intermediate, whereas the RNA
sequences flanking this hairpin structure are retained in
the nucleus and degraded, suggests that viruses which
have an RNA genome and/or which replicate in the cyto-
plasm would be unlikely to encode miRNAs. Similarly,
because miRNAs act at the mRNA level, not the protein
level, it seems likely that miRNAs would be most advan-
tageous to viruses that establish long-term persistent or
latent infections, during which the preexisting pool of tar-
get protein could decay, rather than viruses that have
short, lytic replication cycles, which might be over before
the miRNA-mediated knockdown of an mRNA would
have had much effect on the level of the encoded protein.
On the basis of this reasoning, it has previously been
argued (Cullen 2006) that miRNAs might be prevalent in
nuclear DNA viruses that establish long-term latent
infections (e.g., herpesviruses), less common in nuclear
DNA viruses that undergo exclusively lytic replication
cycles (e.g., adenoviruses and polyomaviruses), and rare
or absent in cytoplasmic DNA viruses (e.g., poxviruses)
or RNA viruses (e.g., retroviruses and influenza viruses).
In fact, recent evidence from a number of laboratories has
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confirmed the existence of numerous miRNAs in her-
pesviruses, has identified a single miRNA in adenovirus
and SV40, and has so far failed to detect miRNAs in any
RNA virus (Pfeffer et al. 2004, 2005; Cai et al. 2005,
2006; Grey et al. 2005; Sullivan et al. 2005; Grundhoff et
al. 2006).

This review focuses on the miRNAs encoded by the
gamma herpesvirus Kaposi’s sarcoma-associated her-
pesvirus (KSHV), which is currently one of the best
understood viruses in terms of viral miRNA expression
and function. This research, together with analogous
efforts focusing on a range of other pathogenic her-
pesviruses, suggests that miRNAs are likely to have a key
role in mediating the ability of herpesviruses to maintain
long-term latent infections in vivo in the face of host
adaptive and innate immune responses.

KSHV EXPRESSES 12 MICRORNAS IN
LATENTLY INFECTED CELLS

KSHV readily establishes latent infections in human B
cells, where the virus then maintains 50–100 episomal
copies of its circular viral DNA genome (Chen and
Lagunoff 2005). Although KSHV encodes more than 80
proteins in its approximately 140,000-bp genome, only a
small subset of these are expressed in latently infected
cells (Russo et al. 1996; Sarid et al. 1998; Jenner et al.
2001). These minimally include ORF73 (LANA), which
has a key role in the maintenance of the viral episome (Ye
et al. 2004); ORF72 (v-cyclin), which is thought to regu-
late cell cycle progression in infected cells; ORF71 (V-
FLIP), an antiapoptotic protein; and finally Kaposin,
which appears to have oncogenic properties (McCormick
and Ganem 2005). Of note, the genes encoding these four
proteins are clustered together in the “latency-associated
region” of the KSHV genome (Fig. 1).

On the basis of the hypothesis that viral miRNAs
might be particularly advantageous to DNA viruses

during latent infection (Cullen 2006), we cDNA-cloned
candidate miRNAs from the latently KSHV-infected
cell line BC-1 by size selection for RNAs that were
greater than 18 nucleotides and less than 25 nucleotides
in size (Cai et al. 2005). This identified 167 miRNA
cDNA clones of KSHV origin, and these could all be
assigned to ten different miRNA stem-loop precursors
designated miR-K1 to miR-K10 (Fig. 2). Work from
other investigators subsequently identified two more
KSHV miRNAs, miR-K11 and miR-K12, that were
missed in our original analysis (Pfeffer et al. 2005;
Samols et al. 2005; Grundhoff et al. 2006). All 12
KSHV miRNAs form part of one arm of an approxi-
mately 80-nucleotide RNA hairpin structure, and in sev-
eral cases, the predicted “passenger” strand, that is, the
strand of the miRNA duplex intermediate that is nor-
mally excluded from RISC and degraded, was also
recovered (Fig. 2). This allowed confirmation of the
expectation that the KSHV miRNA duplex intermedi-
ates would contain the 2-nucleotide 3′ overhangs that
arise from sequential processing by Drosha and Dicer.

A surprising observation to emerge from these studies
was the clustering of all 12 KSHV miRNAs into an
approximately 4-kb region of the approximately 140-kb
KSHV genome that coincides with the KSHV “latency
associated region.” Specifically, 10 of the KSHV
miRNAs mapped to a noncoding region located between
the Kaposin and ORF71 genes (Fig. 1); one miRNA,
miR-K10, was actually located within an open reading
frame (ORF) that forms part of the Kaposin gene,
whereas the last miRNA, miR-K12, mapped to the 3′-
untranslated region (3′UTR) of Kaposin (Fig. 1).
Importantly, all 12 miRNAs were found to be in the same
transcriptional orientation, thus suggesting that they
might all be processed out of a single pri-miRNA precur-
sor. Several cellular miRNA “clusters” have been previ-
ously identified (Bartel 2004), so this would certainly not
be unprecedented.
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Figure 1. Genomic location of KSHV miRNAs. Schematic of a region of the KSHV genome. Known protein-coding genes, their ori-
entation, and expression patterns are indicated. Ten of the KSHV miRNAs are arrayed between the ORF71 and Kaposin genes, one
(miR-K10) overlaps the Kaposin ORF, whereas miR-K12 is found in the Kaposin 3′UTR. (White boxes) KSHV genes expressed dur-
ing latent infection; (gray boxes) KSHV genes expressed during lytic infection; (black boxes) KSHV pri-miRNA precursors. The tran-
scriptional orientation of each gene and each pri-miRNA hairpin is indicated. (Modified, with permission, from Cai et al. 2005
[© National Academy of Sciences].)
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TRANSCRIPTION OF KSHV MIRNAS IN
LATENTLY OR LYTICALLY INFECTED CELLS

Because the latency-associated region of the KSHV
genome is the only region that has been found to be con-
sistently transcribed in all latently KSHV-infected cells
(Dittmer et al. 1998; Sarid et al. 1998; Jenner et al.
2001), and because KSHV infection can induce tumori-
genesis in infected immunosuppressed individuals, there
has been considerable interest in the transcriptional reg-
ulation of the four genes found in this region of the
KSHV genome. Building on this important earlier
research (Dittmer et al. 1998; Li et al. 2002; Pearce et al.
2005), we performed a detailed analysis of the RNA
transcripts that arise from this region, focusing particu-
larly on RNAs that would be predicted to function as
viral pri-miRNAs (Cai et al. 2006). This analysis was
performed both in latently KSHV-infected B cells and in
cells that had been induced to enter the lytic viral repli-
cation cycle by treatment with TPA.

In latently KSHV-infected B cells, we mapped two
transcriptionally active promoters with imprecise cap
sites located at 127,880 to 127,886 and 123,751 to
123,760, respectively (Fig. 3). The promoter located at
about 127,880 was found to give rise to four distinct
mRNAs, depending on which polyadenylation (pA) site
and which splice sites are utilized (Cai et al. 2006). If the

pA site at 122,070 is used, then transcription from the
127,880 promoter gives rise to two spliced mRNAs that
have the potential to encode the viral proteins ORF71,
ORF72, and ORF73. Neither of these two mRNAs has
the potential to function as a pri-miRNA. However, if the
pA site at 122,070 is bypassed, which occurs about 50%
of the time, then transcripts initiating at the 127,880 pro-
moter are instead polyadenylated at the efficient PA site
located at 117,436 (Fig. 3). These pre-mRNA transcripts
are spliced such that the ORF71-, 72-, and 73-coding
sequences are removed and the resultant mature mRNAs
instead express Kaposin (Fig. 3). Importantly, the KSHV
miRNAs miR-K1 to miR-K9, as well as miR-K11, are all
located within the intron(s) that is spliced out of these
Kaposin mRNAs. As noted above, many cellular
miRNAs are also found within introns. In work published
elsewhere (Cai et al. 2006), we were able to directly con-
firm that these KSHV miRNAs can indeed be processed
out of the introns present in the Kaposin pre-mRNAs that
are transcribed from the 127,880 promoter.

In addition to the 127,880 promoter, KSHV also con-
tains a second, slightly less active, latent promoter that
initiates transcription at 123,751/123,760. This promoter
can again give rise to two very different mRNAs depend-
ing on whether the pA site located at 122,070 is used or
ignored. If it is used, then an unspliced approximately
1.7-kb mRNA encoding ORF71 and ORF72 is expressed.

VIRALLY ENCODED MIRNAS 359

Figure 2. Predicted stem-loop structures adopted by KSHV pri-miRNAs. The miRNA sequences identified by cDNA cloning are
highlighted. (Modified, with permission, from Cai et al. 2005 [© National Academy of Sciences].)
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If it is ignored, then an approximately 1.5-kb spliced
mRNA encoding Kaposin is expressed. This latter
mRNA again has the potential to function as a pri-
miRNA for all 12 KSHV miRNAs (Fig. 3).

Although miR-K1 to miR-K9, as well as miR-K11,
are all located in the intron(s) excised from the Kaposin
miRNAs described in Figure 3, two miRNAs, miR-K10
and miR-K12, are located in the Kaposin ORF and
3′UTR, respectively (see Fig. 1). As noted above, exci-
sion of either of these miRNAs in the nucleus of latently
KSHV-infected cells would appear to be inconsistent
with mRNA function and hence with the expression of
the Kaposin proteins. Two alternative hypotheses can
be advanced to explain this apparent contradiction.
One possibility is that processing of the miR-K10 and
miR-K12 pri-miRNAs by the microprocessor complex
is inefficient, so that a substantial percentage of Kaposin
mRNA is able to exit the nucleus in an intact form.
Alternatively, it is possible that KSHV is able to regu-
late pri-miRNA processing in some way, such that miR-
K10 and miR-K12 expression is only activated when
necessary.

We considered the possibility that miR-K10 and miR-
K12 are actually not overly important during latent infec-
tion and only become critical during lytic KSHV
replication. To address this hypothesis, we sought to
identify promoters located within the KSHV latency-
associated region that are activated during lytic replica-
tion. It is important to note that the two latent promoters

located in this region are neither activated nor inhibited
by induction of lytic KSHV replication (Dittmer et al.
1998; Cai et al. 2006).

As shown in Figure 3, we and other investigators have
identified two lytic promoters in this region of the KSHV
genome. One of these promoters, with a cap site located
at 118,758, is an extremely powerful promoter that gives
rise to high levels of about 1.3 kb that is predicted to
encode Kaposin and also act as a pri-miRNA for miR-
K10 and miR-K12 only (Sadler et al. 1999; Cai et al.
2006). A second lytic promoter, with a cap site located at
127,610, is a relatively weak promoter (comparable in
strength to the latent 127,880 promoter) and is predicted
to give rise to two mature mRNAs, again depending on
whether the pA site at 122,070 is used or not (Cai et al.
2006). These are an unspliced approximately 5.5-kb
mRNA potentially encoding ORF71, 72, and 73 and an
approximately 5.3-kb mRNA encoding Kaposin and all
12 KSHV miRNAs.

Because the KSHV lytic 127,610 promoter is compa-
rable in activity to the latent promoters located at 127,880
and 123,751, one would predict that induction of lytic
replication would only modestly enhance the expression
of the KSHV miR-K1 to miR-K9 and miR-K11 miRNAs.
In contrast, because the KSHV lytic 118,758 promoter is
much more active than these two latent promoters (Cai
et al. 2006), one would predict that induction of lytic
replication would strongly activate the expression of
miR-K10 and miR-K12. As shown in Figure 4, this is
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Figure 3. Transcript map of the latency-associated region of the KSHV genome. Shown is a schematic of the genes and miRNAs
found in the KSHV latency-associated region as well as the pre-mRNAs and mature mRNAs that have been identified. Numbers
refer to the sequence coordinates of transcription start sites, splice sites, and polyadenylation sites within the KSHV genome.
Latent transcripts are shown above the dashed line and lytic transcripts below the line. Sizes of mature mRNAs are given in kilo-
bases, and their promoters are indicated by arrows. (pA) Poly(A)-addition site. (Modified, with permission, from Cai and Cullen
2006 [© ASM].)
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indeed the case. Specifically, induction of lytic KSHV
replication by treatment of BC-1 cells with TPA and n-
butyrate enhanced the expression of miR-K1 and miR-
K6-3p by two- to threefold but had a far more dramatic
effect on the expression of miR-K10 and miR-K12,
which are actually quite difficult to detect in latently
infected cells. These observations are consistent with the
hypothesis that processing of miR-K10 and miR-K12 by
Drosha is inefficient, so that high-level expression of
these two viral miRNAs is only achieved when high-level
expression of the underlying Kaposin mRNA is induced.
However, it remains possible that miRNA processing

efficiency, either in general or of these two viral miRNAs
in particular, is somehow enhanced upon activation of
lytic KSHV replication.

KSHV MIRNAS ARE BIOLOGICALLY ACTIVE

As noted above, miRNAs function as guide RNAs for
RISC. If they successfully direct RISC to an mRNA bear-
ing a highly complementary target site, then it is expected
that that mRNA will be cleaved by RISC and subse-
quently degraded by the action of cellular exonucleases
(Bartel 2004).

To confirm that the KSHV miRNAs are indeed pro-
gramming active RISC complexes in latently KSHV-
infected cells, we constructed a set of two lentivirus-based
indicator vectors containing, respectively, a renilla
luciferase (RLuc) or a firefly luciferase (FLuc) indicator
gene (Fig. 5, top) (Gottwein et al. 2006). Moreover, the
RLuc indicator virus was engineered to contain two tan-
dem target sites in its 3′UTR that are perfectly comple-
mentary to one of the KSHV miRNAs—miR-K1 to
miR-K11 (Fig. 5, top). In the case of miR-K4, we con-
structed indicator viruses specific to KSHV miRNAs
derived from both the 5′ arm (miR-K4-5p) and the 3′ arm
(miR-K4-3p) of the pre-miRNA precursor as both were
cDNA-cloned from latently KSHV-infected cells (Cai
et al. 2005).

To confirm that the KSHV miRNAs are indeed biolog-
ically active, we prepared a viral stock of the FLuc-based
control virus and a viral stock for each of the 13 RLuc-
based indicator viruses by transfection of 293T cells. The
FLuc viral stock was then mixed with each of the RLuc
viral stocks, and the resultant mixture was used to infect
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Figure 4. Effect of induction of lytic KSHV replication on viral
miRNA expression in BC-1 cells. BC-1 cells were either cul-
tured normally or treated with TPA (30 ng/ml) and n-butyrate
(300 ng/ml) for 48 hours prior to RNA isolation as described
previously (Cai and Cullen 2006). The level of expression of the
indicated KSHV miRNAs was then determined by primer exten-
sion analysis (Cai and Cullen 2006). Uninfected 293T cells were
used as the negative control.

Figure 5. (Top) Schematic of the control vector pNL-SIN-CMV-FL, which encodes FLuc, and the indicator vector pNL-SIN-CMV-
RL, which encodes RLuc. In each RLuc-based indicator construct, two perfectly complementary target sequences for one KSHV
miRNA were inserted into the 3′UTR of the Renilla luciferase gene. (Bottom) BJAB, BC-1, and BCBL-1 cells were transduced with
a mixture of the control and indicator viruses, and dual luciferase assays were performed. Normalized RLuc activities in KSHV-
positive BC-1 and BCBL-1 cells are shown relative to those obtained in KSHV-negative BJAB cells. Values from cells transduced
with the parental RLuc-expressing vector were set at 100%. (LTR) Long terminal repeat; (RRE) Rev response element; (CMV)
cytomegalovirus immediate-early promoter. (Modified, with permission, from Gottwein et al. 2006 [© ASM].)
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the latently KSHV-infected B-cell lines BC-1 and BCBL-1,
as well as the uninfected human B-cell line BJAB. The
level of RLuc and FLuc activity was then determined at
24 hours after transduction (Fig. 5, bottom). The data are
presented relative to the level of RLuc activity seen in the
uninfected BJAB cell line, which was set at 100, after
correction for variations in the level of activity seen with
the FLuc internal control indicator virus (Gottwein et al.
2006). As may be observed (Fig. 5, bottom), all the
KSHV miRNAs inhibited RLuc expression to some
degree. The inhibition observed was profound with miR-
K1, miR-K3, and miR-K4-3p, modest with miR-K2,
miR-K6-3p, miR-K11, and miR-K7, and fairly weak with
miR-K8-3p, miR-K9-5p, and miR-K10.

One interesting observation was that the level of inhibi-
tion was consistent between the two KSHV-infected cell
lines tested, that is, BC-1 and BCBL-1, with the exception
of miR-K5 and possibly miR-K10. Analysis of the level of
expression of the mature KSHV miR-K5 miRNA and of
the pre-miR-K5 intermediate in fact revealed that both are
expressed at much lower levels in BCBL-1 cells, where
miR-K5 is less active, than in BC-1 cells (Fig. 6, top left).
In contrast, all other KSHV miRNAs, including miR-K10,
are expressed at comparable levels in the two cell lines
(Fig. 6, top left) (Cai et al. 2005).

To try to understand the molecular mechanism under-
lying this discrepancy, we first sequenced the pri-miR-K5
stem-loop precursor in both BC-1 and BCBL-1 cells. As

shown in Figure 6 (top right), this analysis revealed a
single nucleotide polymorphism (G→A) in BCBL-1
relative to BC-1 that is predicted to disrupt a G:C base
pair in the pri-miR-K5 transcript. Of note, this change is
in the passenger strand, not in the mature miR-K5 miRNA
itself. We and other investigators have previously shown
that efficient processing of a pri-miRNA precursor to a
mature miRNA requires the entire miRNA stem-loop
structure, including the basal extension of the stem that is
excluded from the pre-miRNA hairpin intermediate, as
well as a small amount (generally 20 nucleotides or so) of
flanking single-stranded RNA sequence (Lee et al. 2003;
Zeng and Cullen 2003).

To test whether this one nucleotide polymorphism in
fact accounted for the poor expression of miR-K5 in
BCBL-1 cells, we used PCR (polymerase chain reaction)
to clone analogous 472-bp segments of the KSHV
genome, centered on the pri-miR-K5 stem-loop, from
both BC-1 and BCBL-1 cells and inserted these into the
tetracycline-regulated pTre expression vector. These two
matched KSHV miRNA expression vectors were then
transfected into 293T cells, in the presence or absence of the
pTet-Off plasmid and doxycycline. As expected, trans-
fection of 293T cells with pTre-miR-K5(BC-1), in the
presence of pTet-Off and the absence of doxycycline,
gave rise to readily detectable levels of “pri-miR-K5,”
pre-miR-K5, and mature miR-K5. In contrast, in cells
transfected with the very similar pTre-miR-K5(BCBL-1)
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Figure 6. Differential expression of miR-K5 in BC-1 and BCBL-1 cells. (Top left) Northern analysis of miR-K5 (upper panel) and
miR-K6-3p expression in total RNA preparations from 293T, BC-1, or BCBL-1 cells. (Top right) Predicted pre-miR-K5 stem-loop
structures encoded by BC-1-derived (upper panel) or BCBL-1-derived (lower panel) KSHV. The mature miR-K5 sequence is shown
in bold, and the single-nucleotide difference is shown in bold and italics. (Bottom left) Northern analysis of total RNA preparations
from 293T cells transfected with the indicated plasmids and cultured in the presence or absence of doxycycline (Dox). The miR-K5
pri-miRNA and pre-miRNA precursors as well as mature miR-K5 are indicated. The quotation marks flanking “pri-miR-K5” signify
that this RNA represents a truncated form of the authentic viral pri-miR-K5 transcript. (Bottom right) BC-1- or BCBL-1-derived pri-
miR-K5 transcripts were incubated in vitro with recombinant Flag-Drosha/Flag-DGCR-8(+) or with control extracts prepared (–). The
processed pre-miRNA is indicated by an arrow. (Modified, with permission, from Gottwein et al. 2006 [© ASM].) 
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vector, only the artificial pri-miR-K5 transcript was
detected (Fig. 6, bottom left).

The data presented in Figure 6 (bottom left) suggested,
but did not prove, that the one nucleotide polymorphism
identified in Figure 6 (top right) inhibited pri-miR-K5 pro-
cessing by the nuclear microprocessor complex. To con-
firm that this was indeed the case, we overexpressed
Flag-tagged forms of human Drosha and DGCR8 in 293T
cells and then recovered the recombinant Drosha–DGCR8
complex from these cells using an affinity matrix
(Gottwein et al. 2006). This matrix was then incubated
with a 270-nucleotide 32P-labeled transcript encompass-
ing the entire KSHV pri-miR-K5 stem-loop and adjacent
flanking sequences derived from either BC-1 or BCBL-
1 cells. As may be observed (Fig. 6, bottom right), the
recombinant Drosha–DGCR8 complex cleaved the RNA
transcript derived from BC-1 cells to give the predicted
62-nucleotide pri-miR-K5 intermediate, as well as the
two approximately 100-nucleotide flanking RNA
sequences. In contrast, very little Drosha processing of
the analogous pri-miR-K5 RNA template derived from
BCBL-1 cells was observed. We therefore conclude that
the weak activity (Fig. 5, bottom) and low level of
expression (Fig. 6, top left) of miR-K5 seen in BCBL-1
cells result from a single-nucleotide polymorphism (Fig.
6, top right) that inhibits processing of the pri-miR-K5
precursor by Drosha (Fig. 6, bottom right). To our
knowledge, this is the first demonstration of a naturally
occurring sequence polymorphism that directly perturbs
miRNA processing and hence function.

CONCLUSIONS

This paper has summarized our current understanding
of the expression and function of the miRNAs encoded by
the pathogenic human herpesvirus KSHV. Work from our
laboratory and others has identified at least 12 distinct
miRNAs in the KSHV genome (Cai et al. 2005; Pfeffer et
al. 2005; Grundhoff et al. 2006), all of which are
expressed in latently infected cells (Fig. 2). Surprisingly,
these 12 miRNAs proved to be clustered together in an
approximately 4-kb region of the approximately 140-kb
KSHV genome that coincided with the previously defined
KSHV latency-associated region (Fig. 1) (Dittmer et al.
1998). Moreover, these 12 miRNAs were all in the same
transcriptional orientation, thus suggesting that they might
all derive from a single pri-miRNA precursor. In latently
infected cells, this has indeed proven to be the case (Fig.
3) (Cai et al. 2006). However, in lytically infected cells,
activation of a lytic promoter that is normally silent during
latent infection gives rise to a distinct and very highly
expressed transcript that functions both as a pri-miRNA
precursor for two of the KSHV miRNAs, that is, miR-K10
and miR-K12, and as an mRNA encoding the viral
Kaposin proteins (Sadler et al. 1999; Cai et al. 2006). This
is an unexpected result, as miRNA processing results in
the nuclear degradation of the pri-miRNA precursor so
that it cannot also function as an mRNA. The most likely
explanation for this paradox is that miR-K10 and miR-
K12 processing is very inefficient, so that much of the
Kaposin mRNA is able to reach the cytoplasm intact.

Indeed, expression of miR-K10 and miR-K12 in latently
infected cells appears to be quite low, in comparison to
other KSHV miRNAs, even though they all derive from
processing of the same latent transcripts (Fig. 4).

The obvious and most important questions with regard
to the miRNAs encoded by KSHV and other her-
pesviruses are, What are their function in the viral life
cycle, and what are their mRNA targets? At present, the
answers to these questions are not known. However, the
fact that ten of the KSHV miRNAs are expressed at read-
ily detectable and biologically active levels in latently
infected cells (Fig. 5) whereas two KSHV miRNAs only
appear to become fully active during lytic replication
(Fig. 4) suggests that these miRNAs may have distinct
roles during the viral life cycle.
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