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Regulation of orf73 (LANA) gene expression is critical to the establishment and maintenance of latency
following infection by members of the gamma-2 herpesvirus (rhadinovirus) family. Previous studies of murine
gammaherpesvirus 68 (�HV68) have demonstrated that loss of LANA function results in a complete failure to
establish virus latency in the spleens of laboratory mice. Here we report the characterization of alternatively
spliced LANA and v-cyclin (orf72) transcripts encoded by �HV68. Similar to other rhadinoviruses, alternative
splicing, coupled with alternative 3� processing, of a ca. 16-kb transcriptional unit can lead to expression of
either LANA or v-cyclin during �HV68 infection. Spliced LANA and v-cyclin transcripts were initially identified
from an analysis of the �HV68 latently infected B-cell lymphoma cell line S11E, but were also detected during
lytic infection of NIH 3T12 fibroblasts. 5� Random amplification of cDNA ends (RACE) analyses identified two
distinct promoters, p1 and p2, that drive expression of spliced LANA transcripts. Analysis of p1 and p2, using
transiently transfected reporter constructs, mapped the minimal sequences required for promoter activity and
demonstrated that both promoters are active in the absence of any viral antigens. Analysis of spliced LANA and
v-cyclin transcripts in spleens recovered from latently infected mice at days 16 and 42 postinfection revealed
that spliced v-cyclin transcripts can only be detected sporadically, suggesting that these may be associated with
cells reactivating from latency. In contrast, spliced LANA transcripts were detected in ca. 1 in 4,000 splenocytes
harvested at day 16 postinfection. Notably, based on the frequency of viral genome-positive splenocytes at day
16 postinfection (ca. 1 in 200), only 5 to 10% of viral genome-positive splenocytes express LANA. The failure
of the majority of infected splenocytes at day 16 postinfection to express LANA may contribute to the
contraction in the frequency of latently infected splenocytes as chronic infection is established, due to failure
to maintain the viral episome in proliferating B cells.

Orf73 of gammaherpesvirus 68 (�HV68) encodes a protein
that is essential for the establishment of splenic latency follow-
ing intranasal infection (14, 23). Transcript analysis of infected
cells has demonstrated that orf73 is an immediate-early tran-
script during lytic infection in vitro, as well as a latency-asso-
ciated transcript in vivo (12, 21, 37, 38). The �HV68 orf73-
encoded protein is a homolog of the LANA protein encoded
by Kaposi’s sarcoma-associated herpesvirus (KSHV), as well as
herpesvirus saimiri orf73 and rhesus rhadinovirus orf73 (1, 26,
31, 37). Although the function of the �HV68 orf73-encoded
protein has not been characterized, it is thought to function
during viral latency to ensure faithful maintenance of viral
genomes in proliferating latently infected cells in a manner
analogous to the EBNA-1 protein encoded by Epstein-Barr
virus (EBV) and KSHV LANA (4, 7, 9, 10, 17, 41).

The KSHV LANA transcript identified in KSHV-infected
tumor PEL cell lines is a spliced polycistronic transcript gen-
erated from a promoter that also directs transcription of alter-
natively spliced bicistronic or monocistronic transcripts encod-
ing either orf72 (v-cyclin) and orf71 (v-FLIP) or orf71 alone
(11, 29, 34). Translation of v-FLIP from the bicistronic tran-

script proceeds from an internal ribosome entry site (IRES)
located within the v-cyclin coding region (5, 15, 20). In the case
of herpesvirus saimiri, orf73 is encoded as the first open read-
ing frame of an unspliced polycistronic transcript that also
contains sequences for v-cyclin (orf72) and v-FLIP (orf71)
(16). A second, 5�-coterminal spliced transcript encodes v-
cyclin and also contains sequences for v-FLIP (16). The
�HV68 genome encodes homologues of KSHV v-cyclin and
KSHV LANA, but does not encode a homolog of v-FLIP.

Using the �HV68 latently infected B-lymphoma cell line
S11E as well as infected murine splenocytes, we have identified
spliced transcripts encoding �HV68 LANA. In addition, we
describe an alternatively spliced transcript encoding �HV68
v-cyclin that initiates from the same promoter regions that
direct transcription of LANA. These transcripts can be found
both in lytically infected cells in vitro as well as in latently
infected cells in vivo.

Identification of spliced LANA transcripts using RNA li-
gase-mediated RACE. To identify the 5� termini of �HV68
LANA transcripts, polyadenylated RNA was prepared from
the S11E lymphoma cell line, followed by treatment with al-
kaline phosphatase to remove the 5� phosphate from degraded
messages lacking a 5� cap (Fig. 1A). The resulting RNA was
further treated with tobacco acid phosphatase to remove 5�
caps, and an RNA adaptor was ligated to the 5� end of the
decapped mRNAs (Fig. 1A). This method of random amplifi-
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cation of cDNA ends (RACE) is highly selective since the
alkaline phosphatase treatment of noncapped messages pre-
vents ligation of the RNA adaptor to these transcripts (Fig.
1A), and thus ligation of the RNA adaptor is targeted only to
the 5� end of full-length transcripts. Using an oligo(dT) primer,
cDNA was generated from the S11 5� adapted mRNA. Re-
verse transcription (RT)-PCR was then performed using a
primer specific for the 5� adaptor oligonucleotide and a primer
specific to the predicted orf73 coding sequence. RT-PCR prod-
ucts were subcloned and subsequently characterized by DNA
sequencing.

Based on results from 5� RACE, a number of orf73
(LANA)-containing transcripts were identified from S11E tu-
mor cells (Fig. 1B). In S11E cells, the largest orf73 transcript
identified contained one full copy of a 91-bp exon (E1) extend-
ing from bp 118695 to bp 118605. This full copy of E1 was
preceded by a partial copy of this exon extending from 118632
to 118605. The repeated 91-bp, E1 exon is within the bound-
aries of the terminal repeat of the virus. Thus, the maximum
number of copies of the E1 exon present in a given orf73
transcript is equal to the number of terminal repeats present in
a given viral genome.

The promoter that directs transcription of orf73 transcripts

containing E1 was termed 73p1. Transcripts in S11 cells that
contained E1 also contained a second 106-bp exon (E2) lo-
cated in the unique region of the viral genome immediately
adjacent to the terminal repeats (extending from bp 118160 to
118055). The E2 exon, in turn, was spliced to the (LANA)
coding exon (E3) that began at bp 104871 just upstream of the
translation initiation codon for the predicted orf73 (Fig. 1B). 3�
RACE from S11E polyadenylated RNA identified a 3� end of
the orf73 transcript at bp 103787 (Fig. 1B). Thus, the entire
predicted orf73, beginning at bp 104868 and ending at bp
103927, was contained within this spliced transcript. Notably,
the splicing to upstream exons did not extend the opening
reading frame encoding LANA.

A second initiation site at bp 118163 for orf73-containing
transcripts was also identified by 5� RACE using the same
S11E mRNA template. This initiation site was located at the 5�
end of the E2 exon and DNA sequence analysis of these
RACE products revealed the presence of the E2/E3 splice
junction observed in the E1 containing orf73 transcripts (Fig.
1B). Identification of spliced LANA transcripts that did not
include E1 suggested the presence of an alternative orf73 pro-
moter located upstream of E2 (73p2). The existence of multi-
ple orf73 promoters is reminiscent of the differential regulation

FIG. 1. Structure of orf73 and orf72 spliced transcripts. (A) Schematic illustration of the steps involved in the RNA ligase-mediated 5� RACE
protocol. Using the GeneRacer reagents (Invitrogen), polyadenylated RNA from S11E lymphoma cells was treated as described to generate
adapted RNA templates for reverse transcription into cDNA. Following nested RT-PCRs using primers specific to the RNA adaptor region and
orf73 (73RTo, ATCGTCTGTCTCTCCTACATCTAAA, and 73RTi, TCAACATCAACATCTGGTGATGGTG) products were subcloned and
sequenced. (B) The region of the genome encoding �HV68 orf72 and orf73 is shown. Two major spliced orf73 transcripts were identified. The
larger orf73 spliced transcript contained at least one copy of a 91-bp exon (E1) located within the viral terminal repeat, a 106-bp exon (E2) and
the orf73 coding exon (E3). The second, smaller orf73 transcript identified contained only E2 and E3. RT-PCR performed with a primer specific
to orf72 (72RTi, TCAACATCAACATCTGGTGATGGTG) and a primer specific to exon 2 of the orf73 transcript (73E2i, TCCCGACTCGTG
AGTAGCGCCGACTAG) amplified a spliced product that contains the sequences encoding orf72 as well as an additional exon from within the
orf73 coding region. Products were subsequently subcloned and sequenced. The positions of the 73p1 and 73p2 promoters are also indicated.
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of EBNA-1 gene expression during latent EBV infection,
where three distinct promoters driving EBNA1 gene transcrip-
tion have been identified (6, 27, 28, 30, 32, 33). By analogy to
EBV (19, 25), we are currently investigating whether the ini-
tiation of orf73 transcription upstream of E2 or E1 is specific
to particular stages of virus infection in vivo. Because all of the
orf73 3� RACE products identified from S11E mRNA termi-
nated at position bp 103787, we think it is likely that both p2-
and p1-initiated orf73 transcripts are 3� coterminal.

To confirm that the 5� termini of spliced orf73 transcripts in
latently infected splenocytes were similar to those identified in
S11 lymphoma cells, polyadenylated RNA was prepared from
mouse splenocytes harvested 16 days post-intranasal infection
with �HV68. This RNA was prepared as previously described
for 5� RACE with S11 RNA, and cDNA reactions were carried
out using a primer specific for the E2/E3 orf73 splice junction.
RT-PCR products were subcloned and sequenced, and both
73p1- and 73p2-initiated transcripts were isolated. The 5� ter-
mini identified in vivo for spliced orf73 transcripts containing
the E1 exon were bp 118677 and 118683. Notably, each of the
E1-containing orf73 transcripts characterized from in vivo 5�
RACE contained only a single copy of E1. This may reflect a
bias toward amplification of shorter templates in the RT-PCR.
The 5� termini identified in vivo for spliced orf73 transcripts
containing only the E2 and E3 exons (73p2-initiated) were bp
118097, 118125, 118161, and 118163.

Identification of spliced v-cyclin transcripts. Based on the
observation that the KSHV v-cyclin and LANA transcripts are
generated from a common promoter, we used RT-PCR to
determine whether �HV68 v-cyclin-encoding transcripts were
generated from the �HV68 LANA gene promoter p1 or p2.
RT-PCR was carried out using a primer specific for E2, in
combination with a primer specific for orf72 (v-cyclin), employ-
ing as the template cDNA generated from S11E tumor cells.
This analysis readily identified an alternatively spliced tran-
script that contains orf72 (Fig. 1B). RT-PCR on cDNA from
lytically infected NIH 3T12 fibroblasts also resulted in the
amplification of this transcript, raising the possibility that this
transcript functions during lytic infection, as well as in trans-
formed cells. Based on DNA sequencing of RT-PCR products
from S11E cDNA, the structure of the splice orf72 transcript
includes the same splice junction previously described between
E2 and orf73. However, the transcript includes an additional
splice within orf73 that defines an intron between bp 104715
and bp 103199 (Fig. 1B).

The 3� terminus of the v-cyclin message was mapped by
3�RACE using RNA prepared from infected NIH 3T12 fibro-
blasts. Based on the DNA sequence of the subcloned 3� RACE
products, the polyadenylation signal used in transcription of
the v-cyclin message is located within the final two codons of
the v-cyclin orf (between nucleotide positions 102430 and
102435) and the 3� end of the message extends to bp 102412.
The full-length spliced 72 transcript we identified potentially
encodes a truncated LANA protein and the full-length v-cy-
clin. Notably, the splice junction identified does not generate a
fusion between the orf73 coding sequences and v-cyclin coding
sequence. In addition, the v-cyclin translation initiation codon
is the fifth AUG codon encoded in the 72 spliced transcript.
Thus, it remains undetermined whether this transcript func-
tions to encode v-cyclin and, if so, how translation of v-cyclin is

initiated from this message. Alternatively, the truncated orf73
may be translated and serve an as yet undetermined role in
viral infection.

Characterization of the LANA p1 and p2 promoters. We
tested the regions directly upstream of 73E2 and 73E1 (begin-
ning at bp 118163 and 118696, respectively) for promoter ac-
tivity in infected and uninfected lymphocytes, as well as unin-
fected fibroblasts and macrophages. Using luciferase reporter
constructs, we identified a region extending from bp 118696 to
119363 that defined a promoter immediately upstream of the
E1 exon (Fig. 2A and B). This promoter was active in all cell
types tested, although activity in the uninfected WEHI B-cell
line was quite modest (Fig. 2B). Taken together, the data
demonstrated that 73p1 activity is not dependent on viral in-
fection under these conditions (Fig. 2B). The promoter dis-
played the greatest activity in the macrophage-derived RAW
cell line, generating luciferase levels 1,000-fold over that ob-
served with the control reporter plasmid (Fig. 2B). Reporter
constructs containing the region from bp 118696 to 118263
exhibited lower levels of luciferase activity in each of the cell
types tested, suggesting that a major cis-regulatory sequence(s)
for 73p1 lies within the region extending from bp 118263 to
118363 (Fig. 2B).

We also assessed the presence of promoter activity in the
region immediately upstream of the E2 exon. Notably, little or
no promoter activity of the 300-bp region directly upstream of
position bp 118163 (73p2-300) was evident in the latently in-
fected S11E B lymphoma cell line, the WEHI B-cell line, the
macrophage-derived RAW cell line, or the murine fibroblast
NIH 3T12 cell line (Fig. 2D). Based on the proximity of the
putative p2 promoter to the terminal repeat, we assessed
whether the terminal repeat might contain an enhancer that
could augment p2-initiated transcription. An XcmI fragment,
containing a single complete copy of the �HV68 terminal re-
peat, was cloned directly downstream of the luciferase reporter
gene in the empty reporter vector (pGL3-TR), or in the con-
text of the 73p2-300 reporter vector (73p2-300-TR) (Fig. 2C).
As shown in Fig. 2D, the pGL3-TR construct exhibited lucif-
erase activity levels comparable to the 73p2-300 construct.
However, the levels of luciferase activity observed with the
73p2-300-TR construct, in either S11E tumor cells or RAW
cells, resulted in a 25- to 30-fold increase activity compared to
either 73p2-300 or pGL3-TR (Fig. 2D). Thus, the �HV68
terminal repeat acts to enhance transcription from 73p2. 73p2
exhibited little activity in the presence or absence of the ter-
minal repeat in both WEHI and NIH 3T12 fibroblasts (Fig.
2D). As such, 73p2 may be dependent on other viral factors for
activity in B cells and fibroblasts.

Analysis of spliced LANA and v-cyclin transcripts in vivo.
We next sought to establish the significance of the spliced
LANA and v-cyclin transcripts during latent infection of
splenocytes in vivo. Using RNA prepared from whole infected
spleens 16 days post-intranasal infection with 1,000 PFU of
wild-type �HV68, we were able to weakly detect the presence
of both the spliced orf73 and orf72 transcripts by single-round
RT-PCR (Fig. 3 and 4A). To better determine the relative
frequency of infected splenocytes transcribing these two mes-
sages, we designed a nested RT-PCR assay that employed a
pair of primers specific to 73E2 in combination with either a
nested pair of primers specific to the orf73 (LANA) spliced
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transcript or the orf72 (v-cyclin) spliced transcript (Fig. 4B).
Using S11 cells, diluted in a background of 105 uninfected
splenocytes, we were able to demonstrate that these nested
RT-PCR assays can detect the orf73 spliced transcripts in as
few as two latently infected S11 cells (Fig. 4B and 5A). In
addition, appropriate water controls were consistently negative
for the presence of these spliced transcripts, demonstrating the
absence of PCR product contamination.

Analysis of latently infected splenocytes harvested at day 16
postinfection revealed a clear disparity in the frequency of
splenocytes expressing spliced LANA transcripts versus. the
frequency of splenocytes expressing spliced v-cyclin transcripts
(Fig. 4B). While spliced LANA transcripts were detected in the
majority of replicates using 105 input splenocytes, we did not
detect the spliced v-cyclin transcripts in any of these replicates
(Fig. 4B). The spliced LANA transcripts, as expected, were
detected less frequently upon serial dilution, while spliced v-
cyclin transcripts were only sporadically detected over the
range of input cell numbers assessed (Fig. 4B). Based on the
known role of the �HV68 v-cyclin in virus reactivation from
latency (35, 36), we speculate that the sporadic detection of
spliced v-cyclin transcripts at day 16 postinfection likely reflects
a small population of latently infected splenocytes which un-
dergo spontaneous virus reactivation.

Because of the structures described for the orf73 and orf72
transcripts, transcription of the spliced orf72 message pre-
cludes transcription of the orf73 spliced message following a
given transcriptional initiation event. The degree to which the
presence of these two transcripts in the same cell favors latent
or lytic infection has yet to be determined. Targeted disruption
of orf73 results in the complete loss of latency establishment in
the spleens of infected mice (14, 23). In contrast, viruses lack-
ing a functional orf72 establish latency to wild-type levels, but
are severely attenuated for virus reactivation (35, 36). With
these mutant phenotypes in mind, it is worth considering that
the orf73 transcript detected in splenocytes functions to estab-
lish and maintain a latent viral infection and that spliced orf72
transcripts may be associated with reactivation of virus from
latency. The latter could explain the paucity of splenocytes
expressing the spliced orf72 transcripts since there is little
evidence of virus replication in the spleen post-clearance of
acute virus replication (39).

To further characterize the frequency of infected spleno-
cytes expressing spliced LANA transcripts, limiting-dilution
nested RT-PCR analyses were carried out at both day 16 and
day 42 postinfection (Fig. 5A and B). In addition, the fre-
quency of cells expressing another �HV68 latency-associated
gene, M2, was also assessed at these times postinfection (Fig.
5A and B). These analyses revealed that the frequency of
splenocytes expressing LANA at day 16 is ca. 1 in 4,000, while
at day 42 it is in the range of 1 in 10,000 to 20,000 cells.
Notably, the frequency of splenocytes expressing the M2 gene

FIG. 2. Orf73 promoter upstream of E1 functions independently of
virus infection. (A) Characterization of the orf73 p1 promoter. Using
wild-type �HV68 BAC DNA as template, PCR fragments encompass-
ing the indicated genomic coordinates were generated with 5� NheI
restriction sites and 3�XhoI sites and subcloned into the pGL3-basic
luciferase reporter vector (Promega). (B) 5 �g of each reporter con-
struct was introduced into 106 S11E tumor cells, WEHI B-cell lym-
phoma cells, or RAW macrophage cells by nucleofection using opti-
mized conditions according to the manufacturer’s protocol (Amaxa),
or transfected into NIH 3T12 fibroblasts using Superfect transfection
reagent (QIAGEN); 24 h later, cell lysates were prepared using passive
lysis buffer (Promega) and luciferase activity in each lysate was mea-
sured using a TD 20/20 luminometer (Turner Biosystems). (C) The
genomic DNA fragments tested in panel B were analyzed for presence
of consensus transcription factor binding sites (overlined) using Tran-
scription Element Search Software (TESS; http://www.cbil.upenn.edu

/tess/). The splice donor and splice acceptor sites for 73E1 are boxed in
white and the sequence of 73E1 is boxed in gray. The 5� terminus of
E1/E2/E3 spliced LANA transcripts identified in S11E lymphoma cells
is indicated with an empty arrowhead, and those termini identified in
splenocytes harvested at day 16 postinfection are indicated with filled
arrowheads.
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is significantly lower than that of LANA-expressing cells at
both days 16 and 42, suggesting that only a fraction of LANA-
expressing splenocytes also express the M2 antigen. Impor-
tantly, based on the frequency of viral genome-positive spleno-
cytes routinely observed at day 16 postinfection (ca. 1 in 200 to
400) (13, 40), we estimate that only ca. 5 to 10% of the viral
genome-positive splenocytes have detectable spliced LANA
transcripts. As discussed below, this may have profound impli-

cations with respect to the steady-state frequency of latently
infected cells observed during chronic �HV68 infection.

Presence of both p1- and p2-initiated transcripts in vivo. As
described in Fig. 1, our studies have thus far identified two
distinct types of orf73 encoding transcripts. Transcripts con-
taining exon 1 (E1), exon 2 (E2) and the LANA coding exon
are initiated from p1, while transcripts containing only the E2
exon and the LANA coding exon are initiated from p2. To
determine the relative extent of p1 and p2 promoter usage
during latent infection, we generated 78 replicate cDNA sam-
ples from 1.3 � 103 splenocytes harvested 16 days postinfection
(Fig. 6). First, nested RT-PCR to detect E1-containing tran-
scripts was performed on all 78 replicates. Those replicates
that did not score positive for E1 were then tested for E2-
containing transcripts. Replicates that scored positive for E2
were then tested twice more for the presence of E1-containing
transcripts. Transcripts initiating from p1 were initially de-
tected in 21 of the 78 samples. Of the remaining 57 samples
that were E1 exon negative, 17 were positive following nested
RT-PCR to detect E2-containing transcripts. Repeated RT-
PCR for E1-containing transcripts on these E2-positive repli-
cates identified E1-containing transcripts in 4 of the 17 E2-
positives replicates. Thus, in total, 25 of the 78 samples
contained p1-initiated transcripts, while 13 of the E1 exon-
negative replicates contained p2-initiated transcripts. Based on
these analyses, we conclude that both p1 and p2 are utilized
during latent infection to direct transcription of orf73. The
degree to which utilization of the either p1 or p2 defines
distinct stages of latency is currently under investigation.

Here we have described the initial characterization of
spliced orf73 and orf72 transcripts, detected in the latently
�HV68-infected S11 lymphoma cell line. Although there are
clear differences in the organization of genes in this region of
the KSHV and �HV68 genomes, the transcription pattern
shown here bears significant similarity to transcription of
KSHV LANA (orf73) and v-cyclin (orf72) (11, 29, 34). In
addition, the identification of multiple promoters (73p2 and
multiple copies of 73p1, which are encoded within the terminal
repeats) driving orf73 transcription is reminiscent of EBNA
gene transcription in latently EBV-infected B cells (6, 27, 28,
30, 32, 33). The utilization of distinct EBNA gene promoters in
EBV correlates with distinct latency programs, which have
been proposed to facilitate the orderly differentiation of la-
tently infected naı̈ve B cells through a germinal center reacti-
vation and ultimately into resting memory B cells (2, 18, 22). It
is worth noting that for �HV68 infection of mice, at early times
postinfection latent infection of naı̈ve, germinal center mem-
ory B cells can be detected in the spleen. However, as infection
progresses, latency is predominantly established in isotype-
switched memory B cells (13, 40). Thus, like EBV, �HV68 may
encode distinct latency programs to facilitate access to the
memory B-cell reservoir.

The p1 promoter described here corresponds closely with an
orf73 promoter recently described by Coleman et al. (8). Fur-
thermore, RT-PCR analyses carried out by Coleman et al.
demonstrated transcription of the orf73 spliced transcript em-
anating from p1 in bulk infected splenocytes, as well as sorted
infected CD19� PNA� B cells (8). Based on this result, they
concluded that orf73 is transcribed from p1 in proliferating
germinal center B cells (8). Coleman et al. (8), characterizing

FIG. 3. Viral terminal repeat acts to enhance transcription from a
promoter upstream of orf73E2. (A) Characterization of the orf73 p2
promoter. Reporter constructs carrying DNA fragments from within
the indicated genomic coordinates were generated as described for p1
reporter constructs. For constructs containing the �HV68 terminal
repeat, an XcmI fragment containing a single terminal repeat se-
quence was subcloned into the BamHI site of pGL3. (B) Transfections
and luciferase assays were carried out in the same manner as described
for p1 promoter constructs in Fig. 2B. Luciferase activity in cells
transfected with p2-300-TR or pGL3-TR was plotted in comparison to
activity in lysates from cells transfected with the p2-300 construct.
(C) The genomic DNA fragments tested in panel B were analyzed for
presence of consensus transcription factor binding sites (overlined) as
described in the legend to Fig. 2. The splice donor and splice acceptor
sites for 73E2 are boxed in white and the sequence of 73E2 is boxed in
gray. The 5� termini identified in S11E lymphoma cells and day 16-
infected mouse splenocytes for 73 transcripts containing only 73E2 and
73E3 exons are indicated with solid arrowheads.
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viral transcription in lytically infected NIH 3T3 fibroblasts, also
defined a promoter that includes the region upstream of orf73
E2 which directs transcription of an unspliced message that
appears to encode the �HV68 orf75a protein. Our RACE
results in S11E tumor cells define the region upstream of E2,
as well as the region upstream of E1, as regions involved in the
regulation of orf73 and, potentially, orf72 transcription. To
what degree transcription initiation from 73p1 or 73p2 defines
specific stages of lytic or latent viral infection is currently under
investigation.

Because of the structures described for the orf73 and orf72
transcripts, transcription of the spliced orf72 message pre-
cludes transcription of the orf73 spliced message following a
given transcriptional initiation event. The degree to which the
presence of these two transcripts in the same cell favors latent
or lytic infection has yet to be determined. Targeted disruption
of orf73 results in the complete loss of latency establishment in
the spleens of infected mice (14, 23). In contrast, viruses lack-
ing a functional orf72 establish latency to wild-type levels, but
are severely attenuated for virus reactivation (35, 36).

With these mutant phenotypes in mind, it is worth consid-
ering that the orf73 transcript detected in splenocytes functions
to establish and maintain a latent viral infection and that
spliced orf72 transcripts may be associated with reactivation of
virus from latency. This could explain the paucity of spleno-
cytes expressing the spliced orf72 transcripts since there is little
evidence of virus replication in the spleen post-clearance of
acute virus replication (39).

Based on our observation that a latency-associated gene
(LANA) and a reactivation-associated gene (v-cyclin) can be
generated from a single shared promoter, it is also interesting
to consider the regulatory potential of polyadenylation site
usage in the determination of specific outcomes during virus
infection. In the case of EBV latency, generation of the long
primary transcripts encoding the EBV EBNA gene products
involves readthrough of numerous polyadenylation signals uti-
lized during lytic virus replication (3). The mechanism(s) in-
volved in the recognition and utilization of these signals during
infection remains unresolved.

Of particular interest with respect to the analysis of spliced
LANA gene transcripts in vivo during the establishment of
chronic infection is the observation that there is a significant
disparity between the frequency of splenocytes at day 16 har-
boring viral genomes versus the frequency of these cells con-
taining LANA transcripts. Our previous analyses have repeat-

FIG. 4. Spliced orf73 and orf72 transcripts are present in S11E
tumor cells, day 16-infected splenocytes, and infected NIH 3T12 fibro-
blasts. (A) Total RNA was extracted from 107 cultured cells or mouse
splenocytes and 5 �g of total RNA was used as template for oligo(dT)-
primed cDNA synthesis. RT-PCR with primers specific to 73E2
(73E2o, TCTTCCACCCTTCCCTCTGGCCCTG) and orf73 (73RTo)
or orf72 (72RTo, GGGGAAAGACGTTGTTATCCTGACG) was
performed and products of the reaction were electrophoresed in a 1%
agarose gel. Using cDNA from S11E tumor cells, infected day 16
splenocytes, or infected NIH 3T12 fibroblasts, RT-PCR with primers
73E2o and 73E3o generated a 466-bp product, and reactions using
primers 73E2o and 72RTo generated a 433-bp product. Negative con-
trol reactions using cDNA generated from either naı̈ve splenocytes
(naı̈ve SPL) or mock-infected NIH 3T12 fibroblasts did not generate
any detectable RT-PCR products. (B) Mice were infected with 1,000
PFU of �HV68 intranasally and spleens were harvested from infected
animals 16 days postinfection. Single cell splenocyte suspensions were
prepared using a Dounce homogenizer, and subsequently treated with
red blood cell lysis buffer. Splenocytes were then counted and resus-
pended at a concentration of 105 cells/ml and 10-fold serial dilutions of
infected splenocytes (10 replicates at each dilution) were prepared in
a background of 106 uninfected splenocytes. Cells were centrifuged

and pellets were resuspended in 1 ml of guanidine isothiocyanate/
phenol solution (2 M guanidine isothiocyanate, 0.05 M �-mercapto-
ethanol, 0.25% Sarcosyl, 0.1 M sodium acetate). Following extraction
with phenol-chloroform-isoamyl alcohol (25:24:1, EM Science), RNA
was precipitated and resuspended in 12 �l of RNase-free water. Each
sample was then used as template in a 20-�l random hexamer-primed
cDNA reaction using Superscipt II reverse transcriptase (Invitrogen);
4 �l of each cDNA reaction was used as the template in nested PCRs
specific for detection of orf73 spliced transcripts or orf72 spliced tran-
scripts. The orf73E2-specific primer set used in both reactions was
73E2o and 73E2i. The orf73 spliced transcript-specific primer set was
73RTo and 73RTi. The orf72 spliced transcript-specific primer set was
72RTo and 72RTi. S11E cells were diluted in a background of 106

uninfected splenocytes and used as a control template to determine the
sensitivity of the primer sets.
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edly shown that there is a major contraction in the frequency of
splenocytes harboring viral genome from day 16 to day 42
postinfection (40). This could result from immune system-
mediated clearance of latently infected cells, migration of la-
tently infected splenocytes to other organs, and/or failure of
the virus to establish a long-lived infection in some popula-
tion(s) of infected cells.

While there are likely multiple mechanisms that contribute
to the contraction in the frequency of latently infected spleno-
cytes, the data presented here provide evidence that failure to
express LANA in a large percentage of viral genome-positive
splenocytes at day 16 may contribute significantly to the attri-
tion of latently infected splenocytes. It is important to point
out, however, that our RACE analyses may have failed to

FIG. 5. Determination of the frequency of infected splenocytes
transcribing orf73 or M2 in vivo. (A) Determination of detection
sensitivity for M2 and 73 primer sets. S11E lymphoma B cells were
serially diluted 10-fold in a background of 105 uninfected splenocytes
and multiple, 1-ml replicates of each dilution were processed for RNA
extraction and reverse transcription as described for Fig. 3B. For PCR
detection of the spliced M2 mRNA, the primers used in the primary
reaction were M2E1o (ACTTTCAGCTTTCGGGAAGGGTTTAGG
CAC) and M2E2o (GGACTGTCAGTCGAGCCAGAGTCCAACA
TC), and the primers used in the nested reaction were M2E1i (CAG
GACTTCCTGCAGGGTTAACTTCTTCAG) and M2E2i (TTCCCC
TCTCAAGCTGCTTCCTTAGCCAGT). For the orf73 nested PCR,
the primers used in the primary reaction were 73E2o and 73RTo, and
the primers used in the nested reaction were 73E2i and 73RTi. Data
were analyzed using nonlinear regression analysis and sensitivities
were calculated as the point at which 63% of the PCRs were positive
for each primer set. (B) At 16 days following intranasal infection of
C57BL/6 mice with 1,000 PFU of wild-type �HV68, whole splenocytes
were harvested from five mice, pooled, and treated as described for
Fig. 3B. Single-cell suspensions of infected splenocytes were then di-
luted (threefold serial dilutions beginning with 105 splenocytes/ml and
ending with 4.6 � 101 splenocytes/ml) in a background of uninfected
splenocytes. Ten 1.0-ml replicates at each dilution point were pro-
cessed for RNA extraction and reverse transcription as described for
Fig. 3B. The PCR conditions used were those described for panel A.
Results were compiled from five independent experiments. To obtain

FIG. 6. Detection of orf73p1 and orf73p2 initiation events in in-
fected splenocytes. Sixteen days following intranasal infection of
C57BL/6 mice with 1,000 PFU of wild-type �HV68 bulk splenocytes
were harvested from five mice, pooled, and treated as described for
Fig. 3B. A total of 78 replicates were prepared with 3.7 � 103 cells per
sample in a background of 105 uninfected splenocytes. RNA was ex-
tracted and reverse transcribed as detailed for Fig. 3B. Initially, all 78
replicates were screened for the presence of E1-containing (E1�)
orf73 transcripts using the first-round primer set 73E1o (GACCCCC
GCCCCTCCGGGACCCGCC) and 73RTo, and the nested primer set
73E1i (GCACCCGGACCCTGCTGAGGGCCAA) and 73RTi. cDNA
reactions that were negative following orf73-E1 RT-PCR were then
screened for the presence of E2-containing (E2�) orf73 transcripts
using the first-round primer set 73E2o and 73RTo, and the nested
primers 73E2i and 73RTi. Any cDNA reactions that scored E1 nega-
tive (E1�) but were E2� were then rescreened two further times for
the presence of E1 exon-containing transcripts using the orf73-E1
nested primer pair.

the frequency for each set of limiting-dilution experiments, data were
subjected to nonlinear regression (using a sigmoidal dose curve with
nonvariable slope to fit the data). Frequencies of transcript-positive
cells were obtained by calculating the cell density at which 63% of the
PCRs were positive for orf73 or M2 transcript based on a Poisson
distribution. (C) Experiments were performed as described for panel B
on splenocytes isolated from C57BL/6 mice 42 days postinfection.
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detect the presence of alternatively spliced orf73 transcripts
(e.g., transcripts lacking the E1 and E2 exons) and, if so, would
underestimate the frequency of latently infected splenocytes
expressing LANA at days 16 and 42 postinfection. We have
recently shown that at both days 16 and 42 postinfection, the
vast majority of viral genome-positive cells are actively prolif-
erating (24). Thus, if a key function of the �HV68 LANA is to
maintain the viral episome in proliferating cells, then failure to
express LANA will likely result in loss of viral genomes in
proliferating cell populations. The mechanism(s) underlying
the failure to transcribe the LANA gene in a high percentage
of infected splenocytes remains to be determined.
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