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The program(s) of gene expression operating during murine gammaherpesvirus 68 (gHV68) latency is un-
defined, as is the relationship between gHV68 latency and latency of primate gammaherpesviruses. We used
a nested reverse transcriptase PCR strategy (sensitive to approximately one copy of gHV68 genome for each
genomic region tested) to screen for the presence of viral transcripts in latently infected mice. Based on the
positions of known latency-associated genes in other gammaherpesviruses, we screened for the presence of
transcripts corresponding to 11 open reading frames (ORFs) in the gHV68 genome in RNA from spleens and
peritoneal cells of latently infected B-cell-deficient (MuMT) mice which have been shown contain high levels
of reactivable latent gHV68 (K. E. Weck, M. L. Barkon, L. I. Yoo, S. H. Speck, and H. W. Virgin, J. Virol. 70:
6775–6780, 1996). To control for the possible presence of viral lytic activity, we determined that RNA from
latently infected peritoneal and spleen cells contained few or no detectable transcripts corresponding to seven
ORFs known to encode viral gene products associated with lytic replication. However, we did detect low-level
expression of transcripts arising from the region of gene 50 (encoding the putative homolog of the Epstein-Barr
virus BRLF1 transactivator) in peritoneal but not spleen cells. Latently infected peritoneal cells consistently
scored for expression of RNA derived from 4 of the 11 candidate latency-associated ORFs examined, including
the regions of ORF M2, ORF M11 (encoding v-bcl-2), gene 73 (a homolog of the Kaposi’s sarcoma-associated
herpesvirus [human herpesvirus 8] gene encoding latency-associated nuclear antigen), and gene 74 (encoding
a G-protein coupled receptor homolog, v-GCR). Latently infected spleen cells consistently scored positive for
RNA derived from 3 of the 11 candidate latency-associated ORFs examined, including ORF M2, ORF M3, and
ORF M9. To further characterize transcription of these candidate latency-associated ORFs, we examined their
transcription in lytically infected fibroblasts by Northern analysis. We detected abundant transcription from
regions of the genome containing ORF M3 and ORF M9, as well as the known lytic-cycle genes. However, tran-
scription of ORF M2, ORF M11, gene 73, and gene 74 was barely detectable in lytically infected fibroblasts,
consistent with a role of these viral genes during latent infection. We conclude that (i) we have identified several
candidate latency genes of murine gHV68, (ii) expression of genes during latency may be different in different
organs, consistent with multiple latency programs and/or multiple cellular sites of latency, and (iii) regions of
the viral genome (v-bcl-2 gene, v-GCR gene, and gene 73) are transcribed during latency with both gHV68 and
primate gammaherpesviruses. The implications of these findings for replacing previous operational definitions
of gHV68 latency with a molecular definition are discussed.

Gammaherpesviruses are characterized biologically by their
association with tumors in immunosuppressed hosts. The pro-
totypic gammaherpesvirus 2, herpesvirus saimiri (HVS), causes
lymphomas in primates and can transform T lymphocytes (25,
31, 42, 48). Epstein-Barr virus (EBV) is associated with lym-
phomas and nasopharyngeal carcinoma in humans (33, 58).
Kaposi’s sarcoma-associated herpesvirus (KSHV; human her-
pesvirus 8) is associated with Kaposi’s sarcoma, body cavity-
based lymphomas, and Castleman’s disease in humans (8, 11,
46, 65). Analysis of transcripts expressed by these primate
viruses in tumors and latently infected cells has provided im-
portant information on both the mechanisms of pathogenesis
for these viruses and the cellular machinery involved in host
immune responses, cell cycle regulation, and cytokine signal-
ing. The species specificity of primate viruses such as EBV and

KSHV has, however, limited analysis of the role of these tran-
scripts in vivo.

The availability of gammaherpesvirus 68 (gHV68 or
MHV68), a murine virus well suited to pathogenesis studies,
presents the opportunity to evaluate the role of individual
gammaherpesvirus genes in a model amenable to both genetic
and pathogenetic studies (76–78). Analysis of the gHV68 ge-
nome demonstrates that this virus is closely related to primate
gammaherpesviruses, including EBV, KSHV, and HVS (21,
22, 76), but regions of the gHV68 genome transcribed during
latency have not been defined. gHV68 is a natural pathogen of
wild rodents (4, 44), capable of infecting both outbred and
inbred mice (5, 44, 56, 71). In one study, a significant portion
of mice infected with gHV68 developed lymphoproliferative
disorders. Treatment with cyclosporine increased the fre-
quency of lymphoproliferative disease (70). gHV68 infects
multiple organs of inbred mice and can establish a latent in-
fection in the spleen (5, 56, 71, 72, 77). Pending development
of a molecular definition of gHV68 latency, we operationally
define latency as the absence of preformed infectious virus, as
measured by an assay of defined sensitivity, and the capacity to
reactivate virus (77).
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Two studies have suggested that B lymphocytes are the sole
reservoir within the hematopoietic compartment for gHV68
(72, 75). In addition, a B-lymphoma cell line chronically in-
fected with gHV68 has been isolated from an infected mouse
(74). However, the issue of the cellular reservoir for latent
virus within the lymphoid organs remains unclear since subse-
quent analyses have demonstrated efficient establishment of
splenic latency in mice lacking mature B cells (77) and persis-
tence of gHV68 DNA in lungs of B-cell-deficient mice (69, 75).
The presence of latent virus in cells other than B cells was
supported by a recent study suggesting that epithelial cells are
a site of gHV68 persistence in lungs of B-cell-deficient mice
(69). Data on latency sites in vivo therefore suggest that mul-
tiple cell types harbor latent virus. Consistent with this, mem-
bers of our group have found that latent gHV68 can be found
in spleen, bone marrow, and peritoneal exudate cells (PECs)
(77, 78a) and identified macrophages as well as B cells as sites
of gHV68 latency (78a). To further understand gHV68 latency
and to generate a molecular, rather than functional, definition
of latency for gHV68, we have performed experiments to iden-
tify regions of the gHV68 genome that are transcribed in
spleens and peritoneal cells from latently infected mice.

MATERIALS AND METHODS

Viruses, tissue culture, and mice. gHV68 was passaged and assayed as de-
scribed previously (77). Experiments were performed with the gHV68 WUMS
clone (American Type Culture Collection), which was doubly cloned by limiting
dilution from a stock originally supplied by Peter Doherty and Tony Nash. This
isolate has been sequenced in full (76). Plaque assays were performed with NIH
3T12 cells (CCL 164; American Type Culture Collection). gHV68 was handled
with strict biosafety level 2 precautions, as gHV68 infects human cells (reference
4 and unpublished observations). NIH 3T12 cells were maintained in Dulbecco’s
modified Eagle medium (DMEM) supplemented with 10% fetal calf serum, 100
U of penicillin/ml, 100 mg of streptomycin/ml, 10 mM HEPES, and 2 mM
L-glutamine (complete DMEM). Murine embryonic fibroblasts (MEFs) were
isolated and used as described previously (77). Mice were housed and bred at the
Washington University School of Medicine at biosafety level 2 in accordance
with all federal and university regulations. Sentinel mice screened negative every
2 to 4 months for adventitious mouse pathogens. B-cell-deficient MuMT mice on
the C57BL/6 background (C57BL/6J-Igh-6tm1Cgn) were obtained from the Jack-
son Laboratory (Bar Harbor, Maine). B-cell-deficient mice were derived by
interruption of the exon encoding the transmembrane domain of immunoglob-
ulin M and are deficient in mature B cells (34).

Limiting-dilution analysis. Assays for detection of latency and preformed
infectious gHV68 were performed as previously reported (77). Briefly, serial
twofold dilutions (24 wells/dilution) of stock gHV68 or of infected mouse spleno-
cytes were plated on monolayers of 1 3 104 to 1.5 3 104 MEFs/well in 96-well
tissue culture plates. MEFs were observed microscopically for viral cytopathic
effect (CPE) for up to 4 weeks. To differentiate between latently infected cells
and preformed infectious virus in cell samples, serial twofold dilutions of spleen
cells or PECs were plated before or after mechanical disruption of viable cells.
For mechanical disruption, cells were resuspended at a concentration of 1 3 106

to 5 3 106 cells/ml in hypotonic 1/33 DMEM in the presence of 100 ml of
0.5-mm-diameter zirconia-silica beads/ml and shaken twice for 1 min at high
speed in a Mini-Beadbeater-8 (Biospec Products, Bartlesville, Okla.). Published
studies have shown that mechanical disruption has at most a twofold effect on the
infectivity of preformed infectious gHV68, while .99% of cells are killed (77).
Thus, mechanical disruption has minimal effects on detection of preformed
infectious virus in tissues but efficiently eliminates latent cells. The limiting-
dilution assay is 5- to 10-fold more sensitive than plaque assay on NIH 3T12 cells
for detecting preformed infectious gHV68 (77, 78a).

RNA samples for RT-PCR. Adult B-cell-deficient mice were inoculated intra-
peritoneally (i.p.) with 106 PFU of gHV68 in 0.5 ml of complete DMEM, and
peritoneal cells and spleens were harvested as previously described (28, 77).
RNA used as a negative control for reverse transcriptase (RT)-PCR assays was
isolated from uninfected thioglycolate-elicited PECs (52). Latent peritoneal cell
RNA was derived from nonelicited peritoneal cells harvested from the following
four groups of mice: (i) 7 mice 45 days after infection, (ii) 9 mice 46 days after
infection, (iii) 28 mice 42 days after infection, and (iv) 19 mice 42 days after
infection. Spleen RNA was harvested from mice 46 days after infection. Two
separate pools of spleen RNA were made and analyzed, each containing RNA
from three individual mouse spleens. RT-PCR was performed for every set of
primers on at least two different pools of peritoneal cell RNA and on both pools
of spleen RNA. RT-PCR data obtained from different pools of RNA were
consistent.

RNA preparation and RT-PCR assays. RNA was prepared by the method of
Chomczynski and Sacchi (12, 54). Briefly, spleen or PEC samples were homog-
enized in 10 ml of GITC-phenol (mixed 1:0.1:1 with one of the following: [i] 4 M
GITC–0.1 M b-mercaptoethanol–0.5% sarcosyl, [ii] 2 M sodium acetate [pH 4],
and [iii] water-saturated phenol) and RNA was isolated. Spleens were homog-
enized with a Tissue Tearor (Biospec Products), while PECs were homogenized
by repeated pipetting. Following initial RNA preparation, samples were resus-
pended in 25 ml of DMPC-treated water and treated for 15 min at 25°C with 2
ml of DNase I (2 U; Gibco BRL, Grand Island, N.Y.) per the manufacturer’s
instructions. DNase-treated RNA was resuspended in 1 ml of GITC-phenol and
reextracted by the same methods as described above. RNA was resuspended in
50 to 100 ml of DMPC-treated water and quantitated, and the DNase treatment
was repeated. RNA (2 mg/experiment/primer set) was reverse transcribed by
using the Superscript preamplification system for first-strand cDNA synthesis in
a total volume of 20 ml (Gibco BRL), and a no-RT control was carried out in
parallel. Individual nested PCRs were performed on 2 ml of the RT mixture in
13 reaction buffer (Promega, Madison, Wis.) containing 2.5 mM MgCl2, a 0.2
mM concentration of each nucleotide, a 0.15 mM concentration of each primer
(see Table 1 for primer sequences), and 1.25 U of Taq DNA polymerase (Pro-
mega) in a final volume of 50 ml per PCR. Controls for each PCR included water
controls, no-RT controls, and multiple samples containing 1 or 10 copies of the
gHV68 genome diluted in 0.1-mg/ml tRNA (Sigma, St. Louis, Mo.) combined
with cDNA made by RT treatment of RNA from uninfected mice. PCR was
performed in a GeneAmp PCR System 9600 (Perkin-Elmer, Norwalk, Conn.).
The initial round of PCR was performed with 25 cycles of 94°C for 1 min, 62°C
for 1 min, and 72°C for 1 min. Two microliters of the initial reaction mixture was
entered into the second round of each nested PCR. The second round of PCR
was performed under the same conditions as described above for 35 cycles. Both
PCR programs began with an initial denaturation at 94°C for 2 min and con-
cluded with a final hold at 72°C for 5 min. PCR products were stored at 4°C until
separation by electrophoresis on a 2% agarose gel. PCR products were visualized
by staining with ethidium bromide.

Primers for RT-PCR and determination of PCR sensitivity. Primers were
designed (Table 1) by using vector NTI (Informax, Gaithersburg, Md.). In gen-
eral we designed primers that had a G1C content of approximately 50% so that
a single PCR program could be used for all primers. To determine the sensitivity
of our nested PCR, we prepared the gHV68 genome as previously described
(76). The genome copy number was calculated assuming a genome size of 150 kb
and a molecular mass of 1.7 3 10210 mg/molecule. Note that we assumed that the
average gHV68 genome has approximately 150 kb, based on the unique se-
quence of 118,237 bp plus about 30,000 bp (or ca. 26 copies) of the 1,213-bp
terminal repeats (76). While this is an arbitrary assignment, the KSHV genome
has about 30,000 bp of terminal repeat sequence (ca. 35 to 45 copies of an 803-bp
repeat) (37, 57, 59), and the gHV68 genome carries on average at least 10
repeats (22). Our estimate of the genome size, and therefore PCR assay sensi-
tivity, is unlikely to be more than twofold off based on the assumptions used to
calculate the genome copy number. We prepared stocks allowing us to add
approximately 1 or approximately 10 copies of the gHV68 genome to samples
containing cDNA made from naive mouse tissue RNA, and we then ran these
samples in parallel with cDNA samples from latently infected tissues. We se-
lected nested primer pairs that allowed consistent detection of one copy of the
gHV68 genome in a background of cDNA (see Results and Table 2).

Isolation of RNA from lytically infected fibroblasts and Northern blotting.
NIH 3T12 fibroblasts (2 3 107 cells/T175 flask) were pretreated with drugs as
outlined below for 1 h and then infected at a multiplicity of infection of 7 in a
volume of 25 ml containing drugs, and flasks were incubated at 37°C in a 5% CO2
atmosphere for 12 or 18 h prior to harvest of RNA. Flasks were either left
untreated or treated with drugs as follows: (i) gHV68 DNA synthesis was inhib-
ited by adding phosphonoacetic acid (PAA) at a final concentration of 200 mg/ml,
and (ii) protein synthesis was inhibited by adding a combination of cycloheximide
at a final concentration of 40 mM and anisomycin at a final concentration of 10
mM. Total cellular RNA was harvested as above and analyzed by Northern blot
hybridization (60). Probes were generated by cloning the PCR product of the
outer sets of primers for each genome region (Table 1). All probes were se-
quenced to confirm their identities. In this way Northern probes encompassing
the region of the gHV68 genome evaluated for transcription in latently infected
tissues were obtained. Blots were probed for rat cyclophilin (13) to assess loading
and RNA quality. All probes were radiolabeled with the Megaprime DNA
labeling system (Amersham, Arlington Heights, Ill.) per the manufacturer’s
protocol. To provide an internal control on each blot for differences in probe-
specific activity, we dotted 40 ng of gHV68 genomic DNA prepared as described
previously (76) onto membranes prior to hybridization with labeled probe.

RESULTS

Selection of candidate regions of the genome to evaluate for
transcription during latent infection. As there are currently no
tightly latent gHV68-infected cell lines available, we evaluated
viral transcription in spleen and peritoneal cells isolated from
latently infected mice. Viral gene expression during gamma-
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herpesvirus latency has been thoroughly characterized for
EBV, and tumor- and latency-associated genes of KSHV and
HVS have also been identified (Fig. 1). Although there are no
clear homologs for many of these genes in gHV68, most of the
tumor- or latency-associated genes of EBV, HVS, and KSHV
map either between the conserved regions of the viral genomes
or between KSHV and HVS genes 72 to 74 (Fig. 1), suggesting
that the equivalent regions of gHV68 may also contain genes
associated with latent infection or tumor induction.

Of the 80 ATG-initiated open reading frames (ORFs) (with
products (of $100 amino acids in length) identified in the
primary sequence of the gHV68 genome (76), 40 (including
M7 and M8) have products that are homologous to tegument
proteins, structural proteins, or other proteins known or sus-
pected to function during the lytic cycle. Of these, we screened
8 for expression in latently infected tissue (Tables 2 and 3).
This afforded a direct assessment of lytic gene transcription in
latently infected tissue. Of the remaining 40 ORFs in gHV68,
23 are homologous to ORFs in other gammaherpesviruses but
are of unknown function. We did not examine these ORFs in
this study, although they may encode proteins expressed during
latency (62). Of the remaining 17 ORFs, we selected 11 to
screen for expression in latently infected tissue (Tables 2 and
3). Four of these are in a cluster of genes {M11 (encoding a
protein containing a BH1 domain similar to bcl-2 family mem-
bers, v-bcl-2), gene 72 (encoding a D-type cyclin, v-cyclin),
gene 73 (homolog of the KSHV latency-associated nuclear
antigen [LANA] gene [32, 55]), and gene 74 (encoding a G-
protein coupled receptor homolog, v-GCR)} which are known
to be, or suspected of being, involved in KSHV or HVS latency
and/or tumorigenesis (Fig. 1 and Discussion). The other seven
putative gHV68 ORFs that we targeted (ORFs M1, M2, M3,
M4, M5, M6, and M9) do not have homologs in the known
gammaherpesviruses but are located in regions of the gHV68
genome positionally homologous to regions in other gamma-
herpesviruses that contain genes expressed either in latently
infected cell lines or in tumors (Fig. 1) (76). Six other ORFs
unique to gHV68 (ORFs M10a, M10b, M10c, M12, M13, and
M14) span either the G1C-rich 100-bp repeat region or the
G1C-rich terminal repeats, making design of PCR primers
difficult, and thus we did not screen for the presence of tran-
scripts arising from these regions of the viral genome.

Development of sensitive nested RT-PCR assays for de-
tection of gHV68 transcripts in tissue RNA. To assess tran-
scription of candidate gHV68 latency-associated genes, we
developed sensitive RT-PCR assays for detection of gHV68
transcripts in RNA samples from infected tissue. We designed
primers (Table 1) meeting the following criteria: (i) they are
approximately 50% G1C, (ii) the outer primers amplify a
region 300 to 500 bp in length, (iii) independent inner primers
amplify a region 100 to 400 bp in length, and (iv) amplified
sequences are completely within ATG-initiated ORFs whose
products are at least 100 amino acids in length (76). These
criteria were selected to optimize RT-PCR sensitivity by am-
plifying only short regions of RNA transcripts derived from
regions containing candidate genes. This approach, which does
not provide information on the direction of transcription or the
structure of the RNA detected, serves to identify regions of the
genome that are transcriptionally active.

To define the sensitivity of each nested set of primers, we
prepared dilutions of the gHV68 genome calculated to contain
either 1 or 10 genome copies (see Materials and Methods). To
measure sensitivity under RT-PCR conditions, we performed
all sensitivity assays in the presence of cDNA derived by re-
verse transcription of RNA isolated from uninfected mouse
tissues (see Materials and Methods). Using this approach we
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generated 19 nested PCR primer sets that reproducibly de-
tected 1 copy and 10 copies of the gHV68 genome (Table 2).
Note that our false-positive rate (PCR products present after
PCR of RNA samples without added RT or using cDNA
generated from uninfected mice) was 4/900 PCRs, or 0.4%
(Table 2). Three of four false-positives were seen in RNA
derived from peritoneal cells (no RT), a site of latency that
contains the highest frequency of gHV68 genome-positive cells
of any tissue evaluated in our laboratory (78a). This raises the
possibility that these false positives may have been due to very
low levels of gHV68 DNA in RNA preparations from perito-
neal cells, despite treatment with DNase prior to reverse tran-
scription. To provide meaningful RT-PCR results we (i) per-
formed multiple independent RT-PCRs (usually four to eight
per condition) within each experiment, (ii) included data only
from assays in which the sensitivity was 1 to 10 copies of
genome, (iii) used cDNA derived from at least two indepen-
dent RT reactions from each RNA preparation, and (iv) ana-

lyzed RNA isolated from multiple different groups of animals
(Table 2; see also Materials and Methods).

Minimal expression of lytic transcripts in tissues from la-
tently infected mice. Previous studies have shown that gHV68
efficiently establishes latency in the spleens of B-cell-deficient
mice after i.p. inoculation of gHV68 (77). Peritoneal cells were
also selected for analysis in this study since it has been shown
that they are also tightly latent and regularly carry approxi-
mately about 50- to 100-fold more cells that reactivate gHV68
than spleen cells (77, 78a). The definition of latency that mem-
bers of our group have used in earlier studies is based on the
use of a sensitive cocultivation assay that is approximately 5- to
10-fold more sensitive than the standard plaque assay for de-
tecting preformed infectious gHV68 in tissue samples (77,
78a). Latency is defined as the presence of cells that can reac-
tivate gHV68 in the absence of preformed infectious gHV68.
The presence of preformed infectious gHV68 is determined by
the presence of virus after mechanical disruption of live cells

FIG. 1. Gammaherpesvirus latency-associated and transforming genes. The map positions of viral genes implicated in latency and/or cellular transformation by the
human and primate gammaherpesviruses EBV, KSHV, and HVS are shown. The blocks of conserved viral genes present in the genomes of all, or most, gammaher-
pesviruses are indicated by the black rectangles. Genes missing from these blocks are designated as DS below- the black rectangles. The identification and
characterization of EBV gene transcription in latently infected B cells and EBV-associated tumors are reviewed in references 33 and 58. Transcription of the HVS
genome in latently infected T cells and T lymphomas has only partially been characterized but has revealed a role for the STP and Tip genes (25, 31, 42, 48) and gene
14 (18) and expression of gene 72 (the v-cyclin gene) (30). Transcription analyses of latently KSHV-infected primary effusion lymphoma cell lines has led to the
identification of a latency locus containing KSHV K12 (47, 62, 79, 80), K13 (17, 62), gene 72 (14, 17, 62), gene 73 (17, 32, 55, 62), and K14 (62). In addition, gene K1
(37, 38), gene K9 (24), and gene 74 (3) have been shown to have transforming activity and may be expressed during viral latency. The indicated candidate
latency-associated gHV68 genes were chosen based on either their location in the viral genome or homology to KSHV latency- or tumor-associated genes. The genome
regions containing candidate gHV68 latency-associated genes shown by filled arrowheads scored strongly positive in the RT-PCR analysis of latently infected cells
(Table 2). The locations of several known gHV68 lytic-cycle-associated genes, which were used as controls for the presence of lytic gene transcription, are shown (Table
2; see also Discussion). Transcription of gHV68 gene 8 (encoding gB) (68) and gene M7 (encoding gp150) (40) has been characterized. In addition, ORF M8 is
contained within an early transcript (40).
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by the previously described cocultivation assay (77). Mechan-
ical disruption of cells removes any contribution of reactivation
of latent virus, since the latter requires live cells. Importantly,
this is an operational definition of latency and has not been
independently validated by evaluating gHV68 lytic gene tran-
scription. For this reason we first examined transcription from
regions of the genome predicted or known to encode lytic gene
products in RNA from tissues operationally defined as latently
infected (i.e., no detectable preformed virus).

RNA was prepared from latently infected peritoneal cells
and spleens isolated 42 to 46 days after i.p. infection with
gHV68. At this time both peritoneal cells and spleen cells did
not contain any detectable preformed virus but did contain
cells that reactivated gHV68 (Fig. 2) (77, 78a). To determine
whether regions of the genome that encode lytic transcripts are
transcriptionally active in latent tissues, we used RT-PCR tar-
geted to genome regions (Tables 2 and 3) containing (i) two
putative immediate-early genes (K3 and gene 50; the latter is
predicted to encode a homolog of the EBV BRLF1 transactiva-
tor [27, 76]), (ii) three early genes (gene 6, encoding the ssDNA
binding protein [ssDNABP]; gene 8, encoding the DNA poly-
merase [DNApol]; and M8, which is contained within the re-
gion encoding two early mRNAs, including a spliced transcript
[40]), and (iii) three late genes (gene 25, encoding the major
capsid protein [MCP]; gene 7, encoding glycoprotein B [gB]
[68]); and M7, encoding glycoprotein 150 [gp150], a known
virion protein [67]). We did not detect significant expression
of seven of these lytic genes (K3, the ssDNABP gene, the
DNApol gene, M8, the MCP gene, the gB gene, or M7) in
either spleen or peritoneal cell RNA (Table 2). However, we
did detect at a low frequency transcripts derived from the gene
50 region in peritoneal cells but not spleen cells (Table 2). The
frequency of detection did not meet our conservative criterion
for selecting a gene as a candidate latency gene (see below).
Expression of a homolog of the EBV BRLF1 transactivator

might reflect abortive reactivation or the presence of a very low
level of RNA transcribed from the region of gene 50 during
latency. Overall, the lack of significant transcription from mul-
tiple regions of the genome containing lytic genes substantiates
our operational definition of latency and sets the stage for
evaluation of transcription from other regions of the genome
in latently infected tissue.

Identification of genome regions transcribed in latent tis-
sues. Because we were successful in developing nested PCR
assays which exhibit single-copy sensitivity, and given the very
low false-positive rate of 0.4%, we elected the conservative
criterion that at least 50% of RT-PCR assays for transcription
from a region of the gHV68 genome must be positive in order
for us to make the determination that a specific genome region
contains a candidate latency gene (Table 2). This conservative
criterion will likely result in us failing to call attention to bona
fide candidate latent transcripts, but we feel that this is pref-
erable to falsely selecting candidate latency genes for further
analysis.

Analysis of RNA prepared from spleen and peritoneal cells
harvested from uninfected mice did not result in significant
positive reactions for any of the PCR primers tested (Table 2).
In contrast, more than 50% of PCRs were positive when peri-
toneal cell RNA was tested for transcription arising from the
regions of ORF M2, ORF M11, gene 73, and gene 74. Tran-
scription from the region of gene M2 was also detected in
RNA from spleens of latently infected mice. Spleen RNA also
consistently scored positive for transcription from the region of
ORF M3 and ORF M9 but not ORF M11, gene 73, or gene 74.
We detected transcripts from other areas of the genome in
either spleen or peritoneal cell RNA at frequencies lower than
50% (Table 2). There was a general correlation between genes
that met our criteria of .50% positive reactions in one tissue
and low levels of positives in the other latent tissue. For ex-
ample, the M3 region scored positive in 13 of 20 reactions with

TABLE 2. Detection of genome regions by PCR and RT-PCRa

Genome
region

No. of positives/no. of reactions with:

Naive tissue PECs Spleen cells

2RT 1RT 2RT 1RT Sensitivity,
1 copy

Sensitivity,
10 copies 2RT 1RT Sensitivity,

1 copy
Sensitivity,
10 copies

K3 0/2 0/2 0/10 0/10 7/12 6/6 0/16 0/16 7/16 8/8
Gene 50 0/2 0/2 1/28 6/32 12/36 17/18 0/16 0/16 8/16 8/8
M8 ND ND 0/8 1/8 5/16 8/8 0/16 1/16 13/24 8/8
ssDNABP gene 0/2 0/2 0/10 0/10 4/12 6/6 0/16 0/16 11/16 8/8
DNApol gene 0/6 0/6 0/22 0/22 11/20 12/12 0/16 2/16 8/16 8/8
M7 ND ND 0/8 0/8 6/16 8/8 0/16 0/16 9/16 8/8
gB gene 0/14 0/14 0/34 1/34 10/28 15/15 0/16 1/16 12/16 8/8
MCP gene 0/6 0/6 0/14 0/14 5/16 7/8 0/16 0/16 8/16 8/8

M1 0/4 0/4 0/16 1/16 13/24 11/11 0/16 3/16 6/8 8/8
M2 0/8 0/8 0/34 32/35 9/40 20/20 0/16 15/16 4/16 7/8
M3 0/12 0/12 0/20 4/20 11/28 14/14 0/20 13/20 6/16 9/10
M4 0/8 0/8 1/16 1/16 9/24 12/12 0/16 0/16 5/16 8/8
M5 0/4 0/4 0/12 0/12 8/21 8/10 0/16 0/16 9/16 8/8
M6 0/4 0/4 0/12 0/12 6/20 9/10 0/16 0/16 8/16 8/8
M9 0/8 0/8 0/20 2/20 14/32 16/16 0/16 10/16 9/16 6/7
M11 0/4 1/4 0/20 11/20 14/28 14/14 0/16 2/16 8/16 8/8
Gene 72 ND ND 0/16 4/16 14/24 12/12 0/16 1/16 7/16 8/8
Gene 73 0/26 0/26 1/38 24/38 17/44 18/20 0/16 0/16 8/16 7/8
Gene 74 0/8 0/8 0/18 16/23 19/40 20/20 0/16 2/16 7/16 7/8

Total 0/118 1b/118 3b/356 ND 194/481 233/240 0/308 ND 153/304 148/153

a All positive RT-PCR results for experimental samples are presented in bold. RNA preparations are described in Materials and Methods. 2RT, without
transcriptase; 1RT, with transcriptase. ND, not determined.

b False positives.
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RNA prepared from latently infected spleen and 4 of 20 reac-
tions with RNA prepared from latently infected peritoneal
cells, and gene M11 scored positive in 10 of 16 reactions in
latent spleen and 2 of 20 reactions in latent peritoneal cells.
These data may suggest that the M11 and M3 genome regions
are transcribed in latent peritoneal cells in addition to latent
spleen cells. However, we do not believe that the data are
conclusive given the small number of positive reactions in the
setting of RT-PCRs with a sensitivity of one copy of the ge-
nome and the fact that we have no way of assessing the effi-
ciency of reverse transcription of these transcripts.

Analysis of gHV68 gene expression in lytically infected fi-
broblasts by Northern blotting. The above-described analysis
identified ORFs M2, M3, M9, and M11 and genes 73 and 74 as
regions of the viral genome that are actively transcribed during
latency and thus as candidate latency genes. To further evalu-
ate these candidates we analyzed transcription of these puta-

tive viral genes in lytically infected fibroblasts (Fig. 3 and Table
3). Our working assumption is that most viral genes expressed
during latent infection will either not be transcribed or be
transcribed only at a low level in lytically infected cells. To
assess transcription of the candidate latency genes in lytically
infected fibroblasts, Northern probes were derived by PCR
amplification with the outer primers listed in Table 1. Thus, in
all cases, the probe used for Northern analysis fully encom-
passed the region analyzed by RT-PCR (Tables 1 and 2). To
allow comparison of relative transcript levels of Northern blots
hybridized with different probes, we spotted 40 ng of denatured
viral genome onto each blot to provide an internal hybridiza-
tion standard (see Materials and Methods and the legend to
Fig. 3). RNA for Northern analysis was prepared from mock-
infected cells and cells infected at a multiplicity of infection of
7 and harvested at 12 h in the presence or absence of either
cycloheximide and anisomycin (will detect transcription only of

FIG. 2. Limiting-dilution reactivation analysis of gHV68 from spleen and peritoneal cells. Shown are representative examples of limiting-dilution analysis performed
on intact or mechanically disrupted PECs or spleen cells. B-cell-deficient mice were infected with 106 PFU of gHV68 i.p. At 42 or 45 days postinfection, animals were
sacrificed and PECs and spleens were harvested. A portion of pooled PECs or spleen cells from infected animals was subjected to limiting-dilution reactivation analysis.
RNA was prepared from the remaining cells and subjected to RT-PCR (Table 2). For the limiting-dilution assay, intact or mechanically disrupted cells were plated in
twofold dilutions at the numbers indicated; replicates of 24 wells were plated onto MEF monolayers and scored for viral CPE at 2 and 3 weeks.

TABLE 3. Characteristics of genome regions studieda

Genome
region

Lytic tran-
scription

Transcribed in
latent perito-

neal cells

Transcribed in
latent spleen

cells

Latency
candidate Comment(s) and references

K3 ND No No No BHV IE gene and KSHV K3 and K5 homolog (59, 76)
Gene 50 IEb No No No EBV R transactivator homolog (27, 76)
M8 E No No No Region transcribed with early kinetics (40)
ssDNABP gene E No No No DNA replication (76)
DNApol gene E No No No DNA replication (76)
M7 ND No No No Envelope glycoprotein gene (67)
gB gene L (Fig. 3) No No No Glycoprotein gene (68)
MCP gene L (Fig. 3) No No No Capsid gene (76)

M1 Yesc No No No Poxvirus serpin gene homolog, M3 homolog (6, 64, 76)
M2 Low (Fig. 3) Yes Yes Yes No known homologs
M3 Yes (Fig. 3) No Yes Yes No known homologs, secreted protein (75a), M1 homolog (6)
M4 ND No No No No known homologs
M5 ND No No No No known homologs
M6 ND No No No No known homologs
M9 Yes (Fig. 3) No Yes Yes No known homologs
M11 Low (Fig. 3) Yes No Yes v-bcl-2 gene (EBV, KSHV, HVS) (76)
Gene 72 Yesd No No No v-Cyclin gene (HVS, KSHV) (76)
Gene 73 Low (Fig. 3) Yes No Yes KSHV LANA gene homolog (32, 55, 76)
Gene 74 Low (Fig. 3) Yes No Yes Interleukin-8 receptor gene homolog (KSHV, HVS) (76)

a Abbreviations: ND, not done; IE, immediate-early; E, early; L, late; BHV, bovine herpesvirus 4.
b Reference 39a.
c Reference 12a.
d Data not shown and reference 75b.
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immediate-early genes) or PAA (will detect transcription of
immediate-early and early genes) and at 18 h without drug
treatment. These times were based on preliminary Northern
analyses demonstrating that gHV68 late genes are expressed
by 12 to 18 h in lytically infected fibroblasts (data not shown).

Northern analyses assessing lytic gene expression demon-
strated that the ssDNABP gene is an early lytic gene (tran-
script detected in the presence of PAA), while both the MCP
and gB genes are transcribed as late genes (inhibited by PAA)
(Fig. 3). Northern analysis showed that the DNApol gene is an
early gene (data not shown). Notably, abundant lytic tran-
scripts were detected when probes within two of the candidate
latency-associated ORFs, M3 and M9, were used (Fig. 3). Both
of these ORFs were transcribed with early kinetics, although
the level of M9-hybridizing transcripts was significantly inhib-
ited by PAA, suggesting that this is an early-late gene. In
contrast to the results obtained with the M3 and M9 probes,
low or undetectable levels of transcripts were obtained with the
M2, M11, gene 73, and gene 74 probes (Fig. 3). Comparison of
Northern analysis data (Fig. 3) with RT-PCR data from latent
tissues (Table 2) revealed that (i) regions of genes M2, M11,
73, and 74 are transcribed in latent tissues but are not tran-
scribed to a high level during lytic replication in fibroblasts,
and (ii) the genes for MCP, gB, ssDNABP, and DNApol are
all transcribed to detectable levels in lytically infected fibro-
blasts but are not transcribed to a detectable level in latent
tissues.

DISCUSSION

In this study we made the following important observations
(summarized in Table 3). First, we validated our operational

definition of in vivo gHV68 latency by demonstrating that a
different program of gene expression operates in latent tissues
than is seen in lytically infected fibroblasts. Second, we have
identified three distinct regions of the gHV68 genome that are
transcriptionally active during latency (Fig. 1). The location of
these regions correlates well with regions in KSHV, EBV, and
HVS that contain known latency and/or tumor-associated
genes, and some of the ORFs in these regions are homologous
to known latency- or tumor-associated genes of EBV, HVS, or
KSHV. This provides support for the use of gHV68 in a small-
animal model for evaluating the molecular mechanisms under-
lying the latency of primate gammaherpesviruses. Third, we
present data consistent with the idea that multiple programs of
latency may operate in vivo, with different sites showing dif-
ferent patterns of transcriptional activity. Fourth, we have
shown that several of the candidate genes that appear to be
transcribed during latency are only weakly transcribed in lyti-
cally infected fibroblasts.

Operational definitions of gHV68 latency. Analysis of tran-
scription during in vivo latency depends on a quantitative and
consistent operational definition of latency. Latency is the
presence of the gHV68 viral genome in a reactivable form in
the absence of ongoing production of preformed infectious
virus. A critical aspect of this operational definition of latency
is that the absence of preformed virus (a negative result) is of
necessity interpretable only when information about the sen-
sitivity of the assay used, and about the survival of preformed
virus in samples processed for analysis, is provided. Several
groups have operationally defined gHV68 latency in tissues by
using different assays to detect preformed infectious virus. Ini-
tial studies used a plaque assay to test for preformed infectious
virus, and investigators argued that virus detected as plaques

FIG. 3. Northern blot analysis of gHV68 transcription. Permissive murine fibroblasts were mock or gHV68 infected for the times indicated and total cellular RNA
was harvested for northern blot analysis. Cells were left untreated (12 or 18 h) or treated with a combination of cycloheximide and anisomycin (V 1 CHX) or PAA
(V 1 PAA) as described in Materials and Methods. Multiple blots were stripped and reprobed with probes derived from the outer primers listed in Table 1 for the
genes indicated beneath each panel. A probe for cyclophilin was used to ensure equal loading and integrity of RNA in each lane, and a representative cyclophilin blot
is shown. The dot in the upper right corners of panels probed for various gHV68 genes is 40 ng of purified gHV68 DNA and provides an internal control for the
exposure. Migration of 7.4-, 5.3-, 2.8-, and 1.0-kb molecular size standards is indicated by the arrows to the left of each panel.
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by 5 to 7 days in an infectious-center assay reflected latently
infected cells reactivating gHV68 since plaque assays failed to
show infectious virus (71). With this assay, infectious centers
were detected well after preformed infectious gHV68 was
cleared from organs as measured by plaque assay, and several
useful studies were performed using this criterion (7, 20, 61, 71,
72, 75). However, studies in the murine cytomegalovirus
(MCMV) system from multiple groups have shown that typical
plaque assays for MCMV lack sufficient sensitivity for pre-
formed infectious virus in disrupted organs to be a criterion for
latency (36, 43, 53). Similarly, two findings in the gHV68 sys-
tem invalidate plaque assay results as a criterion for defining
latency. First, using a limiting-dilution assay, infectious gHV68
has been detected in tissues after clearance of infectious virus
as measured by plaque assay (77). Second, a recent study
detected linear gHV68 genomes (demonstrated to be from
lytic replication based on studies using a viral DNA synthesis
inhibitor in vivo) in the lung (69) when standard assays for
infectious virus fail to detect infectious virus (71, 75, 77). These
studies show that plaque assays for gHV68, as has been shown
for MCMV, are not sufficiently sensitive to provide a criterion
for latency.

An alternative definition of latency has been the presence of
cells staining by in situ hybridization with a probe specific for
the gHV68 tRNA-like transcripts (6). While gHV68 tRNA-
positive cells were observed in this study on day 21, the lack of
preformed infectious virus was addressed by the failure to
demonstrate viral DNA by in situ hybridization with a probe
within the terminal repeats (a negative result without quanti-
tative data on sensitivity) and reliance on previous studies
showing by plaque assay that virus was cleared (6). In another
study, in situ hybridization for transcripts from the glycopro-
tein H and thymidine kinase genes failed to demonstrate lyti-
cally infected cells despite the fact that sensitive PCR analysis
demonstrated the presence of linear genomes and lytic repli-
cation (69). While the sensitivity of in situ hybridization for the
viral terminal repeats versus transcripts from lytic genes has
not been addressed, these data provide a clear caution against
using the absence of a signal in in situ hybridization as a
criterion for the lack of lytic replication. In addition, the viral
tRNA-like genes of gHV68 are abundantly transcribed during
lytic infection, and thus expression of the viral tRNA-like
genes is not specific for latency (6). Given the limitations of the
plaque assay (see above), the fact that in situ hybridization for
viral DNA is of unknown sensitivity in tissue sections, and the
lack of specificity of viral tRNA-like gene expression for la-
tently infected cells, expression of the viral tRNAs as a marker
for latent cells will require further substantiation.

Members of our group have used a different approach to
assess organs for preformed infectious virus (77). In this assay
cells from tissue are serially diluted onto permissive monolay-
ers, and the presence of infectious virus is detected by CPE
that occurs over 2 to 4 weeks in culture (a significantly longer
time than required for detection of plaques formed by infec-
tious centers [see above]). To distinguish preformed infectious
virus from latent virus, cells are mechanically disrupted and
diluted in parallel with live cells. This assay is 5- to 10-fold
more sensitive than the plaque assay for detecting preformed
infectious gHV68 in tissue, and controls have been performed
to ensure that virus is not inactivated during tissue preparation
(77, 78a). The major advantage of this assay is that it affords a
direct comparison of the presence of preformed infectious
virus and virus reactivation from latency, since the same assay
with a defined sensitivity is used for both analyses. Thus, the
detection of viral CPE upon plating live cells in the absence of
viral CPE upon plating mechanically disrupted cells unambig-

uously demonstrates the presence of virus reactivation from
latency. Using this assay, we have shown that gHV68 estab-
lishes latency in the absence of mature B cells (Fig. 2) (77), a
finding confirmed and extended in subsequent studies from
other groups (69, 75). Notwithstanding the sensitivity of this
assay and that of others, such as PCR detection of linear
genomes (69), all of the criteria for latency used to date de-
pend on the sensitivity of assays to detect a negative result (no
preformed virus, no lytic transcripts by in situ hybridization,
and no linear genomes), and a positive molecular definition of
gHV68 latency has been lacking.

Molecular definition of gHV68 latency. Based on the limi-
tations of the above-described assays, we embarked on gener-
ating a molecular definition of gHV68 latency. This study rep-
resents the first step in this direction. We felt that the strictest
criteria that could apply to defining gHV68 latency were (i) the
absence of preformed infectious virus as determined by the
most sensitive assay currently available for detecting infectious
gHV68 in tissue (limiting-dilution analysis [77]), (ii) the ab-
sence of lytic gene transcription from multiple regions of the
viral genome in sensitive nested RT-PCR assays, and (iii) the
identification of genome regions preferentially expressed in
latent tissues as opposed to lytically infected cells.

Using our nested RT-PCR assays we detected three distinct
regions of the genome that are transcribed in latent spleen
and/or peritoneal cells (Tables 2 and 3 and Fig. 1). It is im-
portant to note that the RT-PCR screen does not unambigu-
ously identify transcribed genes since (i) the RT-PCR assay
does not distinguish which strand of the viral genome is tran-
scribed, and (ii) we have assessed only the presence of short,
unspliced regions of transcript which may or may not corre-
spond to the ORF for which the PCR primers were designed.
Thus, extension of our results will require that transcripts be
identified. Furthermore, transcription in latent tissues does not
prove that a specific transcript or genome region is important
for latency. Mutagenesis studies with quantitative analysis of
the latent genome and reactivation from latency will be re-
quired to prove relevance to latency, as opposed to mere as-
sociation of transcription of a region with latency. Finally, this
analysis does not provide any insight into what fraction of cells
harboring the latent genome express the transcripts detected
or how gene transcription relates to establishment of or reac-
tivation from latency.

Notwithstanding these limitations, the data presented here
provide support for our definition of latency, validate the use
of the limiting-dilution assay for quantitating latently infected
cells, and provide an initial molecular definition of gHV68
latency. We believe that we have detected true latency in vivo
for several reasons. First, minimal transcription from multiple
regions of the genome containing known lytic genes was de-
tected in latent tissues by nested PCR assays with one-copy
sensitivity (Tables 2 and 3 and Fig. 1). While the absence of
transcription of a single lytic gene might be ignored based on
the idea that there could be a problem with the assay, we
believe that lack of transcription of seven different lytic genes
strongly argues against the presence of significant lytic gene
expression in the latently infected PEC and splenocyte popu-
lations. In contrast to results obtained by RT-PCR with RNA
isolated from latent tissues, transcripts from these lytic genes
was readily detected by Northern blot analysis of RNA isolated
from lytically infected fibroblasts (Fig. 3). Notably, transcripts
from several genome regions (gene 73, gene 74, M11, M2)
were detected in latent tissues (Table 2), despite the fact that
these regions were inefficiently transcribed in lytically infected
fibroblasts (Fig. 3). In addition, we identified transcription in
latent tissue from two regions of the gHV68 genome that
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contain genes (gene 73 and M11) homologous to genes tran-
scribed during either EBV or KSHV latency (see below). To-
gether, these data strongly argue that gHV68 has at least one
latent program of gene expression that is distinct from the lytic
program, and they provide for the first time a positive criterion
(the presence of transcription from genome regions containing
M2, M11, gene 73, and gene 74) for detecting latency.

We also detected transcription from regions of the genome
encoding the M3 and M9 ORFs in latently infected tissues
(Tables 2 and 3). However, in contrast to the situation with
M2, M11, gene 73, and gene 74, the M3 and M9 genome
regions are abundantly transcribed during lytic infection. This
clouds selection of M3 and M9 as candidate latent genes.
Notably, in EBV latent transcripts span multiple lytic genes,
with the latency-associated antigens translated from mRNAs
in which the regions containing the lytic-cycle genes have been
spliced out. Thus, it is possible that latent transcripts exist for
gHV68 that span lytic genes contained in the M3 and M9
regions. This possibility is supported by preliminary data show-
ing that the M3 gene encodes an abundant protein that is
secreted from lytically infected cells (75a). Further analysis of
possible latent genes in the regions of the M3 and M9 ORFs
will therefore require definition of latent transcript structure.

We were interested to see that the pattern of gene regions
transcribed to detectable levels in latent tissue differed for
peritoneal cells and spleens (Table 2). These apparent differ-
ences may be related to different loads of latent cells or to
differences in efficiency of RT for specific mRNAs in RNA
derived from different organs. An alternate possibility is that
gHV68 has multiple latent gene programs (as has been dem-
onstrated for EBV) or that multiple different cell types, each
having a different gene program, carry gHV68 during latency.
Interestingly, data for latency in both B cells and an additional
cell type (not B cells) in the lung have been presented (69, 72,
77), and members of our group have obtained data consistent
with gHV68 latency in both B cells and macrophages (78a).
These studies support the idea that there are multiple sites of
gHV68 latency, and they support the need for evaluation of
gHV68 latent gene transcription in different cell types in vivo.

ORFs in regions of the viral genome actively transcribed in
latent tissue. Several of the candidate latency-associated genes
(M2, M3, and M9) encode putative products with no clear
homologs in the database (as determined by advanced Blast
search of the nonredundant database at www.ncbi.nlm.nih.gov/
BLAST/ in September 1998). These regions are particularly
interesting because they may encode proteins with novel func-
tions that are important for persistence of viral infection in the
face of active immunity. However, three of the candidate la-
tency-associated genes are predicted to encode proteins ho-
mologous to viral antigens encoded by EBV, KSHV, and/or
HVS that have been studied in some detail.

v-bcl-2. Data presented here demonstrate that the region of
the gHV68 genome containing M11, predicted to encode a
protein homologous to proteins of the bcl-2 family that regu-
late cell death, is transcriptionally active during latency. The
putative gHV68 ORF M11-encoded v-bcl-2 protein is homol-
ogous to the v-bcl-2 proteins of EBV (BHRF1), KSHV (en-
coded by gene 16), and HVS (encoded by gene 16) (76). There
has been consistent agreement from a number of studies that
the gammaherpesvirus v-bcl-2 proteins inhibit apoptosis (10,
15, 23, 29, 49, 63, 73). However, the function of the v-bcl-2
proteins during viral infection is not clear, since the BHRF1
protein is not required for either viral replication or B-cell
transformation in vitro (39, 41). There are four recognized
domains that are conserved between different bcl-2 family
members (BH1 to BH4). The gHV68 v-bcl-2 protein has a

recognizable BH1-like domain but differs significantly from
host and v-bcl-2 family members in regions corresponding to
BH2 to BH4 (10, 76). In addition to the BH1 domain, gHV68
v-bcl-2 shares with the EBV, KSHV, and HVS proteins a
hydrophobic C-terminal domain potentially involved in mem-
brane localization. The preservation of these structural motifs
across gammaherpesvirus v-bcl-2 molecules argues that these
regions are functionally important.

Expression of v-bcl-2 genes during the lytic cycle has been
documented for EBV, KSHV, and HVS. For KSHV, tran-
scripts derived from the region of gene 16 (encoding v-bcl-2)
have been detected in latently infected cell lines and tumors in
one study (63). However, there is general agreement that
KSHV v-bcl-2 is expressed as part of the lytic cycle (10, 62, 63).
Similarly, HVS v-bcl-2 is expressed in lytically infected cells
(35). Similarly for EBV, the BHRF1 gene is expressed as an
early gene in lytically infected cells or lymphoblastoid cell lines
induced into the lytic cycle (29, 39, 41, 51). African swine fever
virus v-bcl-2 is expressed in lytically infected cells (50). While
expression during the lytic cycle is clearly present for multiple
viruses, BHRF1 may also be expressed in latently infected cells
and tumors (2, 23), and transcriptional analyses shows that the
structure of the mRNA encoding BHRF1 differs for lytic and
latent infection (2). For gHV68, minimal transcription of the
M11 ORF, encoding v-bcl-2, was detected in lytically infected
fibroblasts, while RT-PCR detected transcription of this region
in latent tissue. While low levels of expression of gHV68 v-
bcl-2 may be critical to lytic replication, our data suggest that
gHV68 v-bcl-2 may play an important role during latency.

Gene 73 (encoding LANA). Gene 73 is shared among
gHV68, KSHV, and HVS. The KSHV gene 73 protein (LANA
is expressed in spindle cells of Kaposi’s sarcoma [9, 32, 55]). It
is important to note that the amino acid homology among the
products of gene 73 of gHV68, HVS, and KSHV is weaker
than the homology seen between the majority of lytic genes
conserved in these viruses (76). In particular, gHV68 gene 73
lacks a long complex repeat present (albeit with different struc-
tures and differing lengths) in both KSHV and HVS. The
function of this repeat is not known. KSHV gene 73 and the
KSHV v-cyclin gene are transcribed from a single promoter
region as a bicistronic message and a shorter spliced form en-
coding v-cyclin (17). Thus, there is coregulation of the tran-
scription of the KSHV v-cyclin gene and gene 73, suggesting
that these genes play important roles in the same part of the
viral life cycle. There is some upregulation of the KSHV v-
cyclin-specific mRNA by treatment with phorbol esters (17)
(perhaps consistent with a role for KSHV v-cyclin in lytic
infection), but data for expression of both the KSHV v-cyclin
gene and KSHV gene 73 in tumor cells is strong (9, 14, 32, 55).
Thus, KSHV gene 73 and the KSHV v-cyclin gene, which are
derived from the same promoter, are clear latent genes. The
situation for gHV68 appears to be different in two respects.
The gHV68 v-cyclin gene is abundantly expressed in lytically
infected fibroblasts (75b), while we detected little or no tran-
scription from the region of gene 73 in lytically infected fibro-
blasts (Fig. 3). Thus, there is independent regulation of gHV68
gene 73 and the gHV68 v-cyclin gene in lytically infected cells.
The genome structure of gHV68, which has the v-bcl-2-encod-
ing M11 gene interposed in the opposite orientation between
gene 73 and the v-cyclin gene, provides a further basis for
believing that the gHV68 v-cyclin gene and gene 73 may be
independently regulated (76). In addition, the RT-PCR anal-
ysis of transcripts corresponding to the gHV68 v-cyclin gene
region did not meet our conservative criteria for designating
the v-cyclin gene a candidate latency gene (Table 2), while
gene 73 did meet these criteria. This may reflect a preferential
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role of the gHV68 v-cyclin gene in lytic infection, although
inefficient detection of gHV68 v-cyclin mRNA in latent tissues
could be due to poor efficiency of reverse transcription of this
mRNA. Further studies evaluating the role of the gHV68
v-cyclin gene and gHV68 gene 73 during latency and lytic
infection will be needed to determine the contribution of the
viral gene products to latency and virus replication.

Gene 74 (v-GCR). Previous studies have shown that the
KSHV interleukin-8 receptor-like antigen encoded by gene 74
(v-GCR [59]) is a constitutively signaling receptor linked to cell
proliferation (1, 3) and is expressed in tumors (9, 26). Tran-
scriptional mapping in a KSHV-infected B-cell line is consis-
tent with the expression of the v-GCR gene as both a latent
and lytic transcript (62), although in another study abundant
expression of an mRNA encoding the KSHV-v-GCR in phor-
bol ester-treated cells was noted (17). These data are in con-
trast to the situation with gHV68. We found minimal transcrip-
tion from the v-GCR gene region in lytically infected cells, but
we did detect expression from this region in latently infected
peritoneal cells. Thus, in contrast to the situation in KSHV, it
seems likely that the gHV68 v-GCR plays an important role
during latent but not lytic infection.

gHV68 as a model for analysis of in vivo gammaherpesvirus
latency. One of the fundamentally important issues confronted
by those using animal models of viral infection is how well the
model relates to human disease processes. The gHV68 model
presents certain very compelling advantages for the study of
the basic biology of gammaherpesvirus latency. These include
the close genetic relatedness in certain regions of the gHV68
genome to other primate and human gammaherpesviruses, the
availability of a manipulable animal model, and the ease with
which mutants of gHV68 can be made (reference 64 and un-
published data). However, it is still unclear whether gHV68
will serve as a useful model at the level of molecular mecha-
nisms. This study presents the first molecular data which afford
an initial assessment of the issue of whether gHV68 serves as
a model for latency of EBV and KSHV.

It is clear that gHV68 is distinct in some respects from other
gammaherpesviruses, such as EBV and KSHV, insofar as la-
tency- and tumor-associated gene expression is concerned. For
example, none of the EBNA genes of EBV are clearly rep-
resented in the gHV68 genome (76). In addition, known or
candidate latency- or tumor-associated KSHV genes (such as
the viral IRF gene [24, 45]; the K12 gene, encoding kaposin
protein [47, 66, 80]; and K1 [38]) are not easily recognized in
the gHV68 genomic sequence (76). gHV68 contains no obvi-
ous homologs of the HVS transforming STP and Tip genes (16,
19, 25, 31, 76) or ORF 14 (18). This argues either that gHV68
uses distinct pathways for tumor generation and/or latency or
that gHV68 has arrived at different strategies for addressing
the problems addressed by the EBNA genes or certain KSHV
and HVS genes. Similarly, there are no obvious homologs in
KSHV, EBV, or HVS of the gHV68 M2, M3, and M9 genes.
In addition, preliminary analysis suggests that even genes that
may be held in common between the latency programs of
KSHV and gHV68 (gene 73 and the v-GCR gene) or EBV and
gHV68 (the v-bcl-2 gene) may be regulated differently (see
above).

Despite these differences, the data presented here provide a
compelling argument for the use of gHV68 to assess the role of
certain gammaherpesvirus genes in latency and infection in
vivo. These include the v-bcl-2 gene (M11), gene 73, and gene
74. The regions of the viral genome containing these genes are
transcribed in latent tissues, tumors, and tumor cell lines in-
fected with gHV68 and either both EBV and KSHV or KSHV
alone. We believe that this argues strongly for the validity of

gHV68 for assessing the function of certain genes in gamma-
herpesvirus biology.
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