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Infectious virus assays and PCR amplification of DNA and RNA were used to investigate herpes simplex
virus DNA replication and gene expression in two murine in vitro models for virus reactivation. We examined
latent infections with wild-type (wt), precisely defined latency-associated transcript-negative (LAT-) mutants,
and LAT+ rescuants of these mutants of the 17syn+ strain of virus in both murine trigeminal and lumbosacral
ganglia and of the KOS(M) strain in the latter. In explants of ganglia latently infected with the LAT- mutant
of strain 17syn+ virus, a reduction in number of cultures exhibiting cytopathic effects due to virus reactivation
and measurable delays in virus recovery were observed compared with wt or the LAT+ rescuant. This
LAT-specific effect was not seen in explants of lumbosacral ganglia latently infected with mutants derived from
the KOS(M) strain of virus. Although there was appreciable variation between individual animals, no
significant difference between LAT+ and LAT- virus in time of onset of viral DNA replication in explanted
ganglia was seen with use of either virus strain. There was a slight decrease in the relative amount of viral DNA
recovered compared with internal cellular controls in latently infected ganglia harboring the LAT- mutant of
17syn+ compared with the wt virus or the LAT+ rescuant. This reduced relative amount ranged from 0 to as
much as 50% but averaged 20%. Such differences were not seen in infections with KOS(M)-derived mutants.
In contrast, although expression of productive-cycle transcripts could be detected within 4 h following explant
cultivation of latently infected ganglia, no differences between LAT+ and LAT - viruses could be seen. As
discussed, these data place specific constraints on possible models for the role of LAT expression in in vitro
reactivation systems.

The alphaherpesviruses are neurotropic and establish latent
infections in sensory ganglia (8, 36). Many of these viruses,
including herpes simplex virus types 1 and 2 (HSV-1 and -2),
pseudorabies virus, and bovine herpesvirus, express a very
limited region of their genomes during this latent phase of
infection. To date, the best-characterized example is HSV-1,
for which such transcripts are termed the latency-associated
transcripts (LATs) (14, 29, 37, 44, 45). These transcripts are
expressed as a single 8.5-kb primary transcript from which 2-
and 1.4-kb stable introns and (presumably) unstable processed
forms are derived (10, 12).

In humans and several in vivo models, reactivation of HSV
results in the appearance of infectious virus at the site of initial
primary infection (8, 15, 17, 18, 23, 33, 35, 36). It is generally
agreed that LAT expression has a significant role in this
phenomenon, but the precise mechanism of this involvement is
unknown (2, 3, 13, 19, 24, 31, 34, 43). Although described (6,
32), murine models for efficient in vivo reactivation of HSV-1
have been generally difficult to exploit; however, infectious
virus can be recovered with high efficiency upon explant and
culture of latently infected murine sensory ganglia. Such
explant cultivation has been extensively used as an in vitro
reactivation model to take advantage of the relative conve-
nience of murine latency models. Although the efficiency
and/or kinetics of virus recovery have been shown to be
influenced by LAT expression in several laboratories (2, 3, 24,
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34), many basic parameters of the system, including details of
viral genome transcription and replication as well as the
influence of virus strain and anatomical site of latent infection,
remain unknown.

In this report, we have described the results of a careful
comparative analysis of two in vitro murine models of reacti-
vation of HSV from latent infection: the eye model, in which
latent virus can be recovered by explant cultivation of trigem-
inal ganglia, and the footpad infection model, in which virus
establishes latent infection in murine lumbosacral ganglia. We
have used the wild-type (wt) KOS(M) and 17syn+ strains of
HSV-1 as well as precisely defined LAT- mutants and LAT+
rescuants of these mutants in these studies. In agreement with
reports from other laboratories, we observe a slight but
significant delay in the recovery of infectious virus from
trigeminal ganglia infected with the LAT- mutant of the
17syn+ virus compared with ganglia infected with either the
LAT+ rescuant or wt. This delay was also observed in explant
cultivation of murine lumbosacral ganglia latently infected with
17syn+ but not with KOS(M) mutants.
We also have begun a careful molecular analysis of HSV-1

DNA replication and gene expression especially with respect to
LAT expression in these two murine model systems, using the
sensitivity of the PCR. We measured the recovery of HSV
DNA in latently infected ganglia relative to the recovery of two
single-copy cellular genes, the adipsin and actin genes. Al-
though there was appreciable variation between individual
animals in signal strength for HSV DNA detected, a net
increase in the relative amount of viral DNA compared with
cellular DNA could be reproducibly detected within 48 h
following explant. In contrast to the results of virus recovery
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assays, we detected no time difference between LAT+ and
LAT- viruses in the onset of viral DNA replication in explants
of either trigeminal or lumbosacral tissue. In ganglia infected
with the 17syn+ virus, however, at time of explant averaged
about 80% of the ratio seen with LAT+ infections; this
difference was not seen in dorsal root ganglia latently infected
with KOS(M) virus.

Productive-cycle transcripts could be also be detected with
PCR no more than 4 h following explant of either trigeminal or
lumbosacral ganglia latently infected with both the LAT+ and
LAT - genotypes of either virus used. Because of these results,
it seems possible that differences in viral recoveries seen in the
assays described above are related to numbers of neurons
latently infected and not to a role of LAT in in vitro reactiva-
tion per se. The accompanying report compares and contrasts
these observations with those obtained in an in vivo rabbit
reactivation model (4).

MATERIALS AND METHODS

Cells and virus. Rabbit skin cells, mouse embryo fibroblasts,
and murine neuroblastoma cells were cultured in minimal
essential medium containing 5% fetal calf serum and antibiot-
ics as described previously (10). HSV-1 strains 17syn+ and
KOS(M) were used along with engineered mutants of both
strains containing a deletion of the 203-bp PstI-PstI fragment
encompassing the TATA box and transcription start site within
both copies of the LAT promoter. This deletion corresponds to
bases 118664 through 118866 of the long internal repeat of the
17syn+ strain, the corresponding bases in the long terminal
repeat, and equivalent sites in the KOS(M) strain. The gener-
ation of the deletion [KOS/29(LAT-)] of the KOS(M) strain
of virus has been described, as have general methods for
screening and confirming the identity of recombinants (11).
This mutant was rescued to generate KOS/29Pr(LAT+) by
cotransfection of infectious KOS/29(LAT-) DNA with a
2.3-kb wt KOS(M) HpaI-SphI fragment (spanning locations
equivalent to bases 117007 to 119286 of the 17syn+ sequence).
We generated 17APst(LAT-) virus by recombining the 5.8-kb
AatII fragment spanning bases 115853 to 121547 from which
the PstI fragment had been deleted with wt DNA. Finally, the
17Pr(LAT+) rescue virus was generated by cotransfection of
infectious 17APst(LAT-) DNA with a 900-base wt 17syn+
DNA fragment spanning a Notl site at base 118438 and the
BstEII site at base 119194.

Replication of mutants in mouse tissue. Primary mouse
embryo fibroblasts were maintained at 38.5°C; 5 x 106 cells
were infected at a multiplicity of infection (MOI) of 0.05 PFU
per cell. Virus was adsorbed for 1 h; monolayers were washed
twice with supplemented medium and overlaid with medium
containing 12% fetal bovine serum. Infection mixtures were
incubated at 38.5°C in a 5% CO2 atmosphere. At the indicated
times, cells were harvested by scraping into medium and frozen
at - 70°C. The virus was released by two rounds of freeze-
thawing, and the samples were titrated on confluent monolay-
ers of rabbit skin cells.
For in vivo replication, groups of four mice were inoculated

with 5 x 102 PFU of the appropriate virus into the left cerebral
hemisphere. Virus titers in brains were determined as previ-
ously described (42). Briefly, at the times indicated, three mice
inoculated with each virus were killed, and their brains were
removed and frozen at - 70°C. The brains were then homog-
enized as a 10% (wt/vol) suspension and centrifuged for 5 min
at 3,000 x g at 4°C. The resulting supernatant was assayed for
virus on rabbit skin cell monolayers.

Latent infections and explant reactivation of murine sen-

sory nerve ganglia. General methods have been described
elsewhere (39, 40, 46). Latent infections in the trigeminal
ganglia of 8-week-old Swiss Webster mice were established as
follows. Mice were anesthetized with 1.5 mg of sodium pento-
barbital, and the corneas were scarified by making three
horizontal and three vertical strokes across the cornea with a
scalpel blade. Each cornea was then inoculated with 106 PFU
of wt 17syn+, 17APst(LAT-), or 17Pr(LAT+) virus in 5 [l.
The inoculum was distributed over the surface of each cornea
by closing the eyelids and rubbing over the eye in a circular
motion. Latently infected trigeminal ganglia were removed 21
days following inoculation.
For latent infections of lumbosacral ganglia with KOS(M)

virus and derivatives (38k, 6-week-old Swiss Webster mice were
inoculated with 5 x 10 PFU of HSV-1 in each rear footpad.
For infections with strain 17syn+ and derivatives, mice were
infected with 5 x 103 PFU per foot. In both cases, the feet
were injected with 1 M saline approximately 4 h prior to
inoculation as described previously (7). We have previously
shown that compared with strain 17syn+, KOS(M) is not
neuroinvasive. When the viruses are inoculated into footpads
at equivalent dosages, the amount of KOS(M) recoverable
from spinal ganglia at later time intervals is significantly less
than the amount of 17syn+ (40). In an attempt to ensure
establishment of latent infection in maximal numbers of neu-
rons, mice were infected with the highest concentration of
virus consistent with survival of a significant number of ani-
mals. In the 17syn+ experiments, this corresponds to 1 50%
lethal dose; for KOS(M), undiluted virus stocks could be used.
Two to three weeks later, animals were killed, Li through L5
spinal ganglia on each side were dissected, and groups of 12 to
20 ganglia were pooled and either directly snap frozen in liquid
N2 for latent DNA or RNA or incubated in culture medium for
times varying from 4 to 48 h and then snap frozen. The time of
incubation was scored as time of in vitro reactivation.
To score for reactivation of virus in vitro, L4 and L5 spinal

ganglia were removed from 10 mice for each virus tested,
cocultivated individually in 24-well Costar dishes on rabbit skin
cell monolayers for 18 to 30 days, and scored daily for
reactivation. Cultures were fed every other day, and wells were
observed daily and scored as positive when virus-induced
cytopathology appeared. For the APst(LAT-) viruses, the
genotype of reactivating virus was confirmed by diagnostic
Southern blot analysis of purified viral DNA from positive
wells.

Extraction of DNA and RNA from cells and tissue. Produc-
tively infected cell RNA was isolated at 6 h following infection
at an MOI of 5 PFU per cell. Low-MOI infection of cultured
cells was done with cultures of 8 x 105 cells infected with 8 x
102 PFU of virus (MOI, 10- 3). DNA was extracted from single
trigeminal ganglia, pools of 20 to 24 spinal ganglia, or cultures
of 8 x 105 cells by digestion with 250 ,ug of proteinase K
(Sigma) in 1% sodium dodecyl sulfate containing buffer com-
prising 150 mM NaCl, 10 mM Tris, and 25 mM EDTA (pH
7.4) as described previously (19).
RNA was isolated from cells or tissue essentially as de-

scribed previously (10, 39) by extraction with guanidinium
isothiocyanate; extracted material was extensively digested
with RNase-free DNase, and RNA was then recovered by
centrifugation for 16 h at 36,000 rpm in a Beckman SW41 rotor
through a 5.7 M CsCl cushion.
PCR amplification of DNA and RNA. Primer sets for PCR

amplification were chosen by searching the appropriate regions
of the sequence of the 17syn+ strain of HSV-1 (26), using a
published computer algorithm (25); primer sets used are
shown in Table 1. Standard conditions were amplification of
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TABLE 1. PCR primers used to detect HSV-1 DNA replication and viral transcripts in latently infected and explanted ganglia

Viral gene Primer pair" Sequence Kinetic Size of PCR
location" (bp) class product (bp)

5'-LAT 5'-CGGCGACATCCTCCCCCTAAGC-3' 118888-118909 Latent 149
5'-GACAGACGAACGAAACATTCCG-3' 119036-119015

LAT-exon 5'-GTGTCGTTCAACAAAGACGCCG-3' 119431-119452 Latent 149'
5'-TCTTCCTCCTCTGCCTCTTCC-3' 121530-121510

3-LAT 5'-GGTGAAACCAACAGAGCACGGC-3' 126377-126398 Latent 160
5'-CCGGGGTACGTCTGGAGGAGCG-3' 126537-126516

a4 (ICP4) 5'-GGCGGGAAGTTGTGGACTGG-3' 127308-127289 :x 138
5'-CAGGTTGTTGCCGTTTATA GCG-3' 127171-127192

(x27 (U,_54) 5'-lTFlCTCCAGTGCTACCTGAAGG-3' 114922-114943 c 283
5'-TCAACTCGCAGACACGACTCG-3' 115204-115184

Ribonucleotide reductase (UL39) 5'-GACAGCCATATCCTGAGC-3' 90730-90747 1B 221
5'-ACTCACAGATCGTTGACGACCG-3' 90929-90950

DNA polymerase (U,30) 5'-GAACACGGACTATTACTTCTCC-3' 66274-66295 ,3 227
5'-CAAAGGCTCTATGCAACATTCG-3' 66500-66479

VP5 (capsid) (UI19) 5'-TGAACCCCAGCCCCAGAAACC-3' 35564-35544 Py 149
5'-CGAGTAAACCATGTTAAGGACC-3' 35416-35437

"The topmost primer in each pair is the upstream (mRNA sense) primer; the bottom is the downstream (mRNA antisense) primer. Primers were chosen by use of
a computer algorithm described elsewhere (25).

h Locations are based on the complete sequence of the 17syn+ strain of HSV-1 (26). Only the locations in the long and short internal repeats are indicated for LAT
and oc4 genes.

' Size of product for spliced primary transcript; unspliced transcript will yield a 2,099-bp product.

10% of the total extracted RNA or 5% of the total DNA
sample for 30 cycles, using Perkin-Elmer Amplitaq polymerase
(Norwalk, Conn.) with buffers supplied. Cycling reactions were
performed with an M.J. Research Corp. (Cambridge, Mass.)
thermal cycler. Cycles were as follows: (i) denaturation at 94°C
for 30 s; (ii) annealing at 5°C below the melting temperature of
the primers (or actin-specific primers for mixed PCR reac-
tions) for 30 s; and (iii) extension for 60 s at 72°C. The final
cycle was terminated with a 10-min extension period at 72°C.
Aliquots of 0.2 pLCi of [cr-32P]dCTP were included in most
reaction mixes for the visualization of products by autoradiog-
raphy. Aliquots of 20% of the amplification products (corre-
sponding to amplification of 1% of the original DNA sample or
2% of the original RNA sample) were fractionated on 6%
polyacrylamide gels (20 by 16 by 0.15 cm) running in Tris-
borate-EDTA buffer. Run times were 1.5 to 2 h at 250 V and
87 mA. Gels were vacuum dried and exposed overnight for
amplification of DNA or overnight at - 70°C with intensifying
screens for products of RNA amplification. When used, den-
sitometry was performed with a Bio-Rad model 620 video
densitometer.

Nucleic acids were prepared for amplification as follows.
Samples of the total DNA extracted from tissue were used
directly in a 100-,ul reaction mix. For cDNA amplification of
RNA, total RNA from saimples was subjected to oligo(dT)-
primed cDNA synthesis, using reverse transcriptase and buff-
ers supplied with the Invitrogen (San Diego, Calif.) cDNA
cycle kit. In some control experiments, cDNA was generated
from random hexamer primers. Direct RNA PCR was per-
formed as recommended by the supplier, using a GeneAmp
RNA PCR kit (Perkin-Elmer Cetus). RNA was reverse tran-
scribed with recombinant Taq DNA polymerase, using the
antisense primer at 70°C in the presence of MnCl2, and the
amplification procedure was carried out on this cDNA by
adding upstream primer and MgCl2 after chelating the Mn2+
ions.

Specificity of amplified DNA product was confirmed by
hybridization of Southern blots of PCR products. Blotting and
basic hybridization methods have been described elsewhere
(41, 46, 47). Specific probes were oligonucleotides whose

sequence was within the amplified product; nonspecific probes
were oligonucleotides with sequences representing another
amplified gene.

RESULTS

Recovery of virus from explanted latently infected murine
ganglia. Previous studies by us and others have demonstrated
that LAT- mutants replicate and are as neurovirulent as their
LAT+ parents or rescuants (reviewed in references 29 and 45).
Specific experiments comparing multistep replication of wt,
APst(LAT-) mutant, and LAT+ rescue viruses following
low-MOI infection in mouse embryo fibroblasts in vitro and
mouse brains in vivo are shown in Fig. 1. Growth properties of
the viruses are identical under both conditions; thus, the
PFU/50% lethal dose ratio calculated with the formula of
Reed and Muench (28) for the KOS/29(LAT-) mutant was
180 ± 45, and that for the KOS/29Pr(LAT+) rescuant was 200
± 45. Similar data were obtained with 17APst(LAT-) and
17Pr(LAT+) viruses; the ratios were 40 ± 20 for 17APst-
(LAT-) and 60 ± 20 for 17Pr(LAT+) virus.
We measured the appearance of infectious virus in ex-

planted ganglia latently infected with the APst(LAT-) mu-
tants, the LAT+ rescuants, and wt variants of both the
KOS(M) and 17syn+ viruses. Although there was variation
between individual experiments, within a given experiment, no
difference could be seen either in the time of appearance of
infectious virus or in the number of positive ganglia in cultured
lumbosacral ganglia infected with wt, LAT+, and LAT-
KOS(M) virus (Fig. 2A and B). In contrast to these results,
fewer spinal ganglia from mice infected with 17APst(LAT-)
reactivated, and the time of appearance of cytopathology was
delayed compared with explants of the LAT+ rescuant (Fig.
2C). This effect was also seen in trigeminal ganglia (Fig. 2D).
Similar results were obtained when the APst(LAT ) virus was
compared with wt 17syn+ (data not shown).

Semiquantitative detection by PCR of limiting amounts of
HSV DNA. We next wished to determine the time of onset of
detectable viral DNA replication in explanted ganglia. We
used PCR amplification to detect and estimate the relative
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FIG. 1. Recovery of HSV in productively infected cells and ex-
planted latently infected murine ganglia. (A) Mouse embryo fibro-
blasts were infected with an MOI of 0.05 PFU per cell. Monolayers
were overlaid with minimal essential medium containing glutamine
and 10% fetal bovine serum and incubated at 38.5°C for the times
indicated before assay of virus recovery. (B) Six-week-old female Swiss
Webster mice were inoculated intracerebrally with 5 x 102 PFU of
virus. At the indicated times postinoculation, three mice per virus were
sacrificed, brains were removed, and virus titer was determined.

amounts of viral compared with cellular DNA present at
various times after explant. To validate the specificity, sensi-
tivity, and semiquantitative nature of the approach, we carried
out a number of control experiments as follows.
We chose primer sets (Table 1) specific for the following

viral genes: cx4 (ICP4), a27 (ICP27), UI_30 (DNA polymerase),
UL39 (ICP6, ribonucleotide reductase), and UL19 (VP5, the
major capsid protein). These primers were chosen so that they
could be used to examine viral transcription following reacti-
vation as well as viral DNA replication. To obviate problems
with mRNA degradation in oligo(dT)-primed cDNA synthesis,
primer sequences for genes expressed during productive infec-
tion were confined to the 3' termini of the specific transcription
units. The first two genes encode important transcriptional
regulatory proteins expressed immediately following infection,
UL30 and UL39 are early (p) proteins normally expressed
immediately following HSV ox gene expression in most cul-
tured cells, and the major capsid protein is encoded by a

prototype f3y (leaky-late) transcript which is expressed prior to
viral DNA replication but at maximal rates following DNA
replication. Taken together, the transcripts encoding these
proteins represent both various kinetic classes of viral gene
products and viral functions which are important in productive
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FIG. 2. Virus recovery from explanted murine sensory nerve gan-
glia latently infected with LAT- and LAT+ mutants of HSV. (A) Mice
were infected with 5 x 106 PFU of the KOS/29(LAT-) or KOS/
29Pr(LAT+) virus per rear footpad; 14 days later, L4 and L5 spinal
ganglia were dissected from each mouse and cultivated individually on
monolayers of rabbit skin cells. Individual ganglia were scored for
induced cytopathic effects, and cumulative numbers were plotted
versus day first observed. (B) The same experiment was carried out
with wt KOS(M) and KOS/29(LAT-) viruses. (C) The same experi-
ment was carried out with 17Pr(LAT+) and 17APst(LAT-) viruses.
Mice were infected with 5 x 103 PFU per footpad. (D) A similar
experiment was carried out by infecting 106 PFU of 17Pr(LAT+) and
17APst(LAT-) viruses into mouse eyes and explanting the ganglia
after 21 days.
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FIG. 3. Specificity of PCR primers used to detect HSV DNA replication and transcription in latently infected ganglia. All primers used are
listed in Table 1. (A) Ethidium bromide-stained gel of the amplified products obtained by using the PCR 3' primers with 50 ng of cloned EcoRI
fragment E + K (21.3 kb, 0.721 to 0.864 map units) DNA (plasmid) standard samples of oligo(dT)-primed cDNA from lytically infected cells
(cDNA), or standard samples of oligo(dT)-primed cDNA made from RNA isolated from latently infected murine ganglia (M30 and M60) or
latently infected rabbit ganglia (R30 and R60 [4]). The samples were amplified for 30 cycles except for those marked 60, in which case 10% of the
30-cycle product was subjected to a second round of 30 cycles of amplification. The size markers (ss) were from cloned HinfI-digested polyomavirus
DNA spanning bases 400 (PstI) to 4635 (BamHI). Sizes are indicated in bases. (B) A Southern blot of the products was hybridized with a specific
oligonucleotide for an internal portion of the amplification product (5'-GTCACACGTCACGTCATCCACC-3'). (C) An identical blot was
hybridized with an oligonucleotide specific for an internal portion of the LAT-5' amplification product. (D) A Southern blot of standard 30-cycle
amplification products from 50 ng ofBamHI fragment M (5.3 kb, 0.222 to 0.258 map units) containing the VP5 (UL19 gene) (plasmid), oligo(dT)-
or random hexamer-primed cDNA from lytically infected cell RNA (lytic-cDNA and lytic-cDNA H), or the amplification product of oligo(dT)-
or random hexamer-primed cDNA of latently infected murine and rabbit neuronal RNA (latent-cDNA and latent-cDNA H). Hybridization was
with a probe specific for the internal sequence of the amplification product (5'-GGCGGACGTCCAACAACTCGGT-3'). (E) Hybridization of an
identical blot with probe specific for the PCR 3' product.

infection in cultured cells (44). Primer sequences were derived
from the sequence of the 17syn+ strain of HSV-1, but we
experimentally confirmed the fact that these sequences de-
tected DNA and RNA from the KOS(M) strain with equiva-
lent sensitivity.

Finally, we also chose three primer sets to represent differ-
ent portions of the primary LAT transcription unit: (i) a primer
set specific for the 5' end (LAT-5'); (ii) a primer set bridging
the splice donor and acceptor signals in the primary transcript
which would produce a small product only from the spliced
LAT species resulting from the generation of the LAT intron
(10, 12) (LAT-exon); and (iii) a primer set specific for the 3'
end near the polyadenylation signal (LAT-3').
PCR product specificity was assessed with cloned DNA

fragments and confirmed by Southern blot hybridization of
specific internal oligonucleotide probes to unlabeled products
amplified from cDNA generated from RNA isolated from
latently infected sensory nerve ganglia or productively infected
cells. Oligonucleotides from the interior of the primer sets
hybridized efficiently with the specific PCR product but not
with products generated by other primer sets. Examples for
LAT-3' and VP5 primer sets are shown in Fig. 3. The LAT-3'
product can be readily visualized in stained gels of amplifica-
tion products of DNA and of cDNA generated from produc-
tively infected cells or latently infected ganglia (Fig. 3A).
Hybridization of the amplification product of plasmid DNA
and cDNA from productively infected cells and murine ganglia
with an oligonucleotide specific to the amplified region pro-
duced a readily detectable signal (Fig. 3B); however, hybrid-
ization with an oligonucleotide specific to the LAT-5' ampli-
fied region did not (Fig. 3C). The VP5 primer set amplified
cloned DNA and cDNA generated from RNA isolated from
productively infected cells but not latently infected ganglia
(Fig. 3D). Hybridization with the nonspecific oligonucleotide
was negative (Fig. 3E).

The sensitivity of the PCR primers as semiquantitative
probes was measured directly and indirectly. Direct measure-
ment was carried out by limiting-dilution analysis of cloned
DNA standards. As has been reported by many others (22, 30;
reviewed in reference 20), different primer sets display differ-
ent sensitivities for detecting limiting amounts of DNA. Within
a narrow range of concentrations of HSV DNA, signal inten-
sity could be roughly correlated with amounts ofDNA present;
however, the response was often not strictly linear. For this
reason, quantitation of PCR signal intensities could only be
estimated. Summary data for several primer sets are shown in
Table 2, and specific examples for which cloned KOS(M) DNA
standards were used are shown in Fig. 4. With most primer
sets, the amplification product from 0.02 pg (2 x 10-- 14 g) or
less of cloned DNA sample subjected to PCR under our
standard conditions of 30 cycles of amplification in a 100-,ul
reaction mix containing 0.2 ,uCi of [32P]dCTP could be readily
detected upon overnight exposure. On the basis of the size of
the specific HSV fragment cloned, this corresponds to the
ability to detect fewer than 1,000 genomes.

Experimental confirmation of both the sensitivity of the
PCR methods used as well as the ability to reliably measure
relative increases in viral DNA recovered from small amounts
of infected tissue was obtained with the following control
experiments, examples of which are shown in Fig. 5 and Table
3. Cultures of rabbit skin, mouse embryo fibroblasts, or mouse
neuroblastoma cells were infected with an MOI of 10-3 PFU
per cell with either the KOS(M), 17syn+, or APst(LAT-)
virus. DNA was extracted, diluted to correspond to 10 produc-
tively infected cells, and subjected to PCR analysis. In all
experiments, DNA replication as assayed by a significant
increase in amplified DNA signal intensity in the infected cell
mixture could be detected by 4 to 8 h postinfection. Although
individual variation in various experiments was observed, as
shown in the examples illustrated, no consistent differences
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TABLE 2. Quantitative PCR detection of limiting dilutions
of HSV DNA'

Relative DNA signal intensity"
Probe

10 pg 2 pg 0.5 pg 0.2 pg ().1 pg 0.02 pg

5'-LAT 1.31 0.7 0.56 0.19 0.11 0.12
3-LAT 1.72 1.57 0.84 0.5 C 0
a4 1.02 0.3 - 0.17 0
ot27 0.6 0.4 0.2 0.16 0.05
DNA polymerase 0.4 0.05 0 0
Ribonucleotide 1.2 0.8 0.5

reductase
VP5 1.2 0.8 0.2

" DNA was obtained by dilution of cloned HSV fragments. LAT-5', LAT-3,
and (x27 (U,.54) primers were used with cloned EcoRI fragment E + K (21.3 kbp,
t).721 to 0.864 map units [mu]) DNA; VP5 (UL19) primers were used with cloned
BamnHl fragment M (5.3 kbp, 0.222 to 0.258 map units) DNA; (x4 (ICP4)-spccific
primers were used with Xhol-EcoRI fragment P + I/E + K (8.4 kbp; 0.808 to
0.864 map units) DNA; and ribonucleotide reductase (U1 39)-specific primers
were used with Hindlll fragment L DNA (8.8 kbp; 0.592 to t).647 map units).

b Based on densitometry of overnight exposures. Variations are ±25% in
separate experiments; units are arbitrary.
'-, dilution was not measured.

were seen between either strain of wt virus and the APst-
(LAT-) mutants. Also, no consistent differences were seen in
any of the cell lines or with any PCR primer sets used.
HSV DNA replication following explant of latently infected

murine sensory ganglia. We used the technology described
above to compare the time of onset of viral DNA replication
following explant of murine ganglia which had been latently
infected with wt, z\Pst(LAT-), or LAT+ rescuant virus. All

A.
LAT - 5'

B.
(UL19) SS

VW

i0;.SMlll 49 Om 210

149 -
142

10 2 050.1 0.02 200 20 2 0.2 0.02

A. VP5 (UL19)
APst wt

1l49

0 2 4 816 0 2 4 8 16

B. a4
~wt~ - LPst

138

0 2 4 8 16 0 2 4 816

C. VP5 (UL19)
wt - ALPst -

-149

0 2 4 8 16 P 0 2 4 8 16 P

Hr post infection

FIG. 5. Onset of DNA replication in cultured cells infected with a

low multiplicity of various strains of HSV-1. Cultured cells were

infected with an MOl of i0-3 PFU of virus per cell and incubated for
the times shown prior to DNA extraction and PCR amplification. (A)
Infection of rabbit skin cells with wt KOS(M) and KOS/29(LAT-)
mutants. DNA was primed with VP5 primers. (B) Infection of rabbit
skin cells with the 17syn+ strain and the 17APst(LAT-) mutant of
HSV-1. DNA amplification was primed with ox4 primers. (C) Murine
neuroblastoma 2A cells were infected with wt KOS(M) and KOS/
29(LAT- ) viruses. The primer set was specific for the VP5 gene. Lanes
P are the amplification products of 20 pg of BamHI fragment M DNA.
Exposures were overnight without intensifying screens. Sizes are

indicated in bases.

experimental procedures were similar. Ganglia were removed
from latently infected animals, and DNA was immediately
extracted to provide a latent or zero-time control; companion
ganglia were then incubated in culture for various times. DNA
replication following cultivation was scored by detection of a

C.
Sss

142

87

D. Ribo. Reductase
a4 (ICP4) (UL39)

o. 0
0 0

q~~~iC-CLC,iC'I22 _)

-210

-146

pg DNA added

FIG. 4. Quantitation of standard PCR amplification of cloned
DNA fragments. The amounts of DNA fragments shown were used
with the indicated primer sets, using standard conditions described in
Materials and Methods. (A) LAT-5' primers were used with cloned
EcoRI fragment E + K DNA. (B) VP5 (UL19) primers were used with
cloned BamHI fragment M DNA. ss, size standards. (C) (x4 (ICP4)-
specific primers were used with XhoI-EcoRI fragment (P + ItE + K;
8.4 kbp; 0.808 to 0.864 map units) DNA. (D) Ribonucleotide reductase
(UL 39)-specific primers were used with HindIll fragment L (8.8 kbp;
0.592 to 0.647 map units) DNA. Sizes are indicated in bases.

TABLE 3. PCR measurement of relative HSV DNA recovery
following productive infection at low MOI'

Time (h) Relative HSV DNA signal intensity'
Cell type post- KOS(M) KOS/29 17Pr 17APst

infection' (WI)" (LAT ) (LAT+)' (LAT--)'

Rabbit skin 0 0.08 0.01 0.1 0.02
2 0.15 0.12 0.05 0.01
4 0.5 0.12 0.2 0.05
8 0.6 0.3 0.5 0.2
16 0.72 0.6 0.5 0.7

Murine neuro- 0 0.16 0.19 -
blastoma 2A 2 0.18 0.13

4 0.13 0.12
8 0.2 0.25

16 0.4 0.5

"Quantification of data in Fig. 5.
"Following a 30-min virus adsorption period.
'Arbitrary units.
"VP5 (U1 19) primer set.
'o4 primer set.
-, not measured.
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TABLE 4. Levels of HSV DNA recovered from explanted latently infected murine sensory nerve gangliaa

Relative DNA signal Avg ratio,
Type of Virus Time (h) intensityb Ratio, HSV/actind
ganglia postexplant HSV/actinC + SE

HSV ACTIN _

Lumbosacral KOS(M) (wt) 0 0.72c 0.6c 1.20 1.23 ± 0.1
24 0.98c 0.65c 1.51 1.26 ± 0.15
48 l.07c 0.65c 1.65 2.56 ± 0.7

KOS/29(LAT-) 0 0.82c 0.66c 1.24 1.07 ± 0.15
24 1.02c 0.66c 1.55 1.3 ± 0.1
48 1.11C 0.62c 1.79 2.1 ± 0.3

KOS/29Pr(LAT+) 0 0.84c 0.63C 1.33 1.1 ± 0.15
24 0.98c 0.61c 1.60 1.3 ± 0.2
48 1.l1C 0.53c 2.09 1.63 ± 0.15

17APst(LAT-) 0 e 0.5 ± 0.1
48 1.6 ± 0.2

17Pr(LAT+) 0 0.8 ± 0.2
48 - 1.9 ± 0.25

Trigeminal 17syn + 0 0.3ld 0.58 0.53 1.15 ± 0.25
24 0.56 0.52 1.08 1.01 ± 0.15
48 1.2 0.51 2.35 2.42 ± 0.2

17APst(LAT-) 0 0.31 0.52 0.57 0.85 ± 0.12
24 0.13 0.28 0.46 1.2 ± 0.2
48 1.06 0.40 2.65 1.99 ± 0.25

17Pr(LAT+) 0 0.58 0.66 0.88 1.18 ± 0.25
24 0.90 0.67 1.34 1.7 ± 0.2
48 1.25 0.41 3.05 2.17 ± 0.3

a See text and legends to Fig. 6 and 7 for details.
b Arbitrary units. DNA was detected by using VP5 (UL19) and murine actin primer sets in the same reaction.
c Data from Fig. 6D and 7D.
d Data from at least two separate tissue extractions and at least three separate reactions. Data from Fig. 6 and 7 are not included.
e-, data not shown.

significant increase in the intensity of the PCR signal compared
with zero-time controls and quantitated by comparison with
signals generated from cellular DNA. Primer sets specific for
the murine adipsin (21) and actin genes were used for these
controls. The two controls provided similar results, but the
actin set produced considerably less background and could be
coamplified with the HSV VP5 (UL19) primer set without
interference. The actin primer set was as follows: sense,
5'-AAGATCTGGCACCACACCTT-3'; and antisense, 5'-
CAAACATTATCTGCGTCATC-3'. This set generates a
124-bp product and was chosen from the published murine
actin sequence (1) to represent positions in the murine actin
gene equivalent to those in the rabbit actin gene used as a
control for the in vivo studies described in the accompanying
report (4, 16, 27).

Several experiments were carried out with a variety of HSV
primer sets. Data for the results of coamplification of the VP5
and actin primer sets in the same sample (Table 4) can be
summarized as follows. In lumbosacral ganglia latently infected
with wt KOS(M), KOS/29(LAT-), and KOS/29Pr(LAT+)
rescuant virus, in a number of experiments, no significant
differences in the amount of viral DNA recovered from latently
infected ganglia were found at the time of explant. In some
experiments, an increase in the amount of viral DNA recov-
ered was just detectable by 24 h following explant, while this
increase was clearly and reproducibly detectable by 48 h
postexplant in all experiments. Examples of data obtained with
several primer sets are shown in Fig. 6.

In similar experiments (Table 4), DNA replication could be
readily detected by 48 h after explant of trigeminal ganglia
latently infected with wt 17syn+, 17APst(LAT-), and the
17Pr(LAT+) rescuant. A specific experiment illustrating the
results of amplification of several primer sets is shown in Fig.
7. In contrast to the situation with infections with KOS(M)

viruses in spinal ganglia, many experiments demonstrated a
measurable reduction in the relative amount of viral DNA
recovered following explant of ganglia latently infected with
the 17APst(LAT-) virus compared with either wt 17syn+ or
the 17Pr(LAT+) rescuant. In various experiments, densitomet-
ric analysis indicated that this difference ranged from the wt
value to as little as 50% of it, with the average reduction being
20%. Similar data were obtained with explants of lumbosacral
ganglia (Table 4). This slight reduction in efficiency of estab-
lishment of latent infections by LAT- viruses derived from
17syn+ parents could be a factor in the delay and reduction in
virus recovery seen in ganglia latently infected with LAT-
virus compared with LAT+ derivatives.

Detection and measurement by PCR of small amounts of
HSV transcripts. We also assayed the expression of productive
cycle HSV transcripts in explanted ganglia either by direct
PCR amplification of total cell RNA or PCR of oligo(dT)-
primed cDNA generated from such RNA. The same primer
sets used for analysis of DNA replication (Table 1) were
employed. Because the amount of viral mRNA present in
infected cells varies with time following infection as well as
with cell type and conditions of infection, we did not attempt to
make quantitative conclusions concerning viral transcripts. As
a measure of the sensitivity and specificity of the method,
direct RNA PCR was carried out with serial dilutions of
productively infected rabbit skin cell RNA. Aliquots of this
infected cell RNA (200 ,ug in total) corresponding to the yield
of 100 to 0.1 infected cell (20 ng to 200 pg of RNA) were
diluted into 1-,ug samples of uninfected hamster or mouse
brain RNA and subjected to direct RNA-directed PCR under
standard conditions, and 20% of the product was analyzed by
gel electrophoresis. Representative data are shown in Table 5;
primer sets for LAT-5', a27 (ULS4), and UL19 transcripts
detected viral RNA from as few as one infected cell. Other
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FIG. 6. Onset of HSV-1 DNA synthesis in latently infected murine lumbosacral ganglia following explant cultivation. Ganglia latently infected
with wt KOS(M), KOS/29(LAT- ), and KOS/29Pr(LAT+) viruses were explanted and incubated for the times shown following explant. DNA was

subjected to PCR amplification using the primer sets indicated. (A) UL54 (ox27)-specific primers; (B) UL19 (VP5)-specific primers (the VP5 primer
was used with two parallel 24-h samples in the panel shown; (C) murine actin primer set used in a parallel sample; (D) amplification of both VP5-
and actin-specific products by inclusion of both primer sets in the same samples. Exposures were overnight without intensifying screens. Sizes are
indicated in bases.

primer sets were capable of detecting viral RNA from at least
10 infected cells. The primer set for the spliced LAT product
(LAT-exon) did not provide a signal at any dilution of total
infected cell RNA used; however, a signal was detected with a
sample containing 1 p.g of purified poly(A)+ RNA from
productively infected cells (data not shown).
The utility of direct PCR for detection of viral RNA from

small numbers of productively infected cultured cells was
established as follows. Cultures of cells were infected with an
MOI of 10-3 PFU of HSV-1 KOS(M), 17syn+, or the APst-
(LAT- ) mutant per cell, and whole cell RNA was extracted at
various times following infection. An amount corresponding to
RNA from 10 infected cells were then subjected to direct PCR.
With all viruses tested, HSV RNA could be detected with the

TABLE 5. Direct PCR detection of limiting amounts of HSV
transcripts in productively infected cells'

Relative DNA signal intensity6
Probe 100 10 1 0.1

cells' cells cell cell

5'-LAT 1.5 1.3 0.9 0.15
3'-LAT 1.3 0.5 0 0
<x4 1.6 1.5 0.17 0
cx27 1.6 1.2 0.8 0.05
DNA polymerase 1.4 1.1 0 0
Ribonucleotide reductase 1.5 1.1 0.15 0
VP5 1.7 1.3 0.2 0

" Cells were infected with an MOI of 5 PFU per cell as described in Materials
and Methods.

" Based on densitometry of an overnight exposure. Units are arbitrary and
varied ± 25% in separate amplifications of the same samples.

c Cell equivalents are based on dilution of the original infected cell RNA with
uninfected cell RNA.

ct27 (UL54) primer set as soon as 2 h after infection, while the
primer sets for VP5 and UL39 detected RNA by 4 h. RNase
digestion of samples completely abolished the signal.
HSV transcription following explant reactivation of latently

infected sensory nerve ganglia. Latently infected murine gan-
glia were cultured for various times following explant, and
RNA was extracted for analysis by either direct PCR or PCR
amplification of oligo(dT)-primed cDNA generated from the
samples. The two methods gave equivalent results; however,
the amplification of oligo(dT)-primed cDNA generally tended
to produce less background signal.

Productive cycle transcripts could be detected in ganglia
quite soon following explant. Results of an experiment using
direct amplification are shown in Fig. 8A. Here, the immedi-
ate-early ct4 transcript could be detected by 2 h following
explant of lumbosacral ganglia latently infected with wt
KOS(M) virus, while the late (I3y) VP5 (UL19) transcript was
detected by 4 h. The decrease in intensity of the UL19 signal in
the 8-h sample was not seen in other experiments but illus-
trates the range of variation between various experiments. As
expected, signals were completely lost when the samples were

treated with RNase.
Since the LAT unit is active during latent infection, the

ability to detect transcripts immediately upon explant with the
primer set for the 3' end of the latent-phase transcription unit
(LAT-3') was expected (Fig. 8A). Similar results were seen

with use of the LAT-5' probe; however, no signal was seen

when the LAT-exon probe was used (not shown). Since some

low-abundance late-productive-phase transcripts also termi-
nate at the polyadenylation signal utilized by the latent-phase
transcripts (5, 48), we cannot directly estimate how much of the
signal seen with the LAT-3' primer set later after explant is due
to continued LAT expression, but we have previously shown

C
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FIG. 7. Onset of HSV-1 DNA synthesis in latently infected murine trigeminal ganglia following explant cultivation. Ganglia latently infected
with wt 17syn+, 17APst(LAT-), and 17Pr(LAT+) viruses were explanted and incubated for the times shown. DNA was subjected to PCR
amplification using the primers indicated. (A) UL54 (ox27)-specific primers; (B) UL19 (VP5)-specific primers; (C) murine actin primer set used in
a parallel sample; (D) amplification of both VP5- and actin-specific products by inclusion of both primer sets in the same samples. The 24- and
48-h samples are reversed with the 17APst(LAT- ) virus in panel D. Exposures were overnight without intensifying screens. SS, size standards. Sizes
are indicated in bases.

that the LAT promoter is active during productive infection in
cell culture (10, 41).

Amplification of cDNA and expression of the (x27 transcript
are shown in Fig. 8B. In this set of experiments, the VP5
primer set provided a detectable signal as early as 1 h following
explant, and a stronger signal was detectable at 2 h and later.
This variation in time of detection of this rBy transcript
between experiments is consistent with the range of variation
seen in productive infection of tissue culture cells and likely
reflects variations in animals and assay sensitivities.
We then compared the expression of HSV transcripts in

explanted murine ganglia infected with LAT- and LAT+
recombinants. No reproducible differences were seen with
either lumbosacral or trigeminal ganglia. Representative data
shown in Fig. 9A demonstrate that VP5 (UL19) mRNA was

A. u4 wt VP5 -A.
Q4 - (UL19)

(ICP4) (RNAse)

detectable by 4 h following explant of ganglia latently infected
with wt, KOS/29(LAT-), and KOS/29Pr(LAT+) viruses, and
the signal was significantly stronger in samples of RNA iso-
lated at 36 h postexplant. This result is consistent with the
timing of viral DNA replication shown in Fig. 6 and 7. In
trigeminal ganglia latently infected with wt l7syn+, 17APst-
(LAT-), or 17Pr(LAT+) virus, productive-cycle transcripts
such as cr27 (U,_54) mRNA were also observed by 4 h following
explant (Fig. 9B). In other experiments (not shown), we
determined that no product was seen with use of the LAT-5' or
LAT-3' primer set to amplify RNA isolated from ganglia
latently infected with LAT virus, the LAT 5' signal intensity
did not change over time in explants of ganglia latently infected
with wt virus, and tissue recovery was shown to be essentially
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FIG. 8. Detection of HSV-1 transcripts by PCR amplification of RNA from latently infected murine lumbosacral ganglia cultured for various
times following explant. Infection was with the KOS(M) strain of HSV-1. (A) Direct amplification. Primer sets are shown at the top. In the middle
panel, products from an RNA sample treated with RNase are shown as a control to indicate the specificity of the direct PCR. (B) PCR-amplified
oligo(dT)-primed cDNA. Details are as described for panel A; the primer sets used are shown at the top. Exposures were overnight at - 70°C with
intensifying screens. ss, size standards. Sizes are indicated in bases.

C

- 87
e 75

124 ->-Io ow No " 40 I

0 24 48 0 24 48 0 24 48
Hour Post-Explant

0 2 4 xSS
0 1 2 4 6 0 1 2 4 8

Hr post explant

VOL. 68, 1994

m



1280 DEVI-RAO ET AL.

A. Lumbosacral Ganglia-VP5(UL19) Probe
wt LAT-LAT wt LAT- s

E -396

149- a^ P-*

/t "I:' rSd

Nf.;: * -
4 8 4 8 4 8 36 36 48

Hour Post-Explant

- 210

* 142

- 87

B. Trigeminal Ganglia- a27 (UL54) Probe

Ss LAT + LAT wt

396 i t- ,e. ;.
-283

210 iy vA 4

142 - f ;0 S 3 it4 1
0 4 0 4 8 0 4 8 16

Hour Post Explant
FIG. 9. Comparison of transcription in explants of ganglia latently

infected with LAT+ and LAT- derivatives of the KOS(M) and 17syn+
strains of HSV-1. (A) Murine lumbosacral ganglia latently infected
with wt KOS(M), KOS/29(LAT-), and KOS/29Pr(LAT+) viruses were
explanted, and RNA was recovered at the times shown. Products of
amplification of the primer set specific for VP5 (UL19) mRNA are

shown. (B) Murine trigeminal ganglia latently infected with wt 17syn+,
17APst(LAT-), and 17Pr(LAT+) viruses were explanted and incu-
bated for the times shown. RNA was isolated and amplified with the
os27 (ULS4) primer set. Exposures were overnight at -70°C with
intensifying screens. SS, size standards. Sizes are indicated in bases.

equivalent in all samples by the use of the murine actin primer
set.

DISCUSSION

The results of the experiments described in this report
establish some of the basic molecular parameters of the murine
in vitro explant model for HSV reactivation. Our results can be
summarized as follows. (i) With wt, LAT-, and LAT+ rescu-

ants of such mutants of HSV-1 strain KOS(M), no significant
difference in the time of appearance of infectious virus in
explant cultivation of latently infected murine lumbosacral
ganglia was seen; however, there was a clear delay of recovery
of the LAT- strain of 17syn+ virus from explanted trigeminal
or lumbosacral ganglia (Fig. 2). This delay is similar to that
reported by others in murine explant reactivation models (3,
24, 34). (ii) A net increase in viral DNA recovery indicating
viral genome replication was always seen by 48 h following
explant of either trigeminal or dorsal root ganglia latently
infected with all virus constructs tested (Fig. 6 and 7). (iii) In
explants of ganglia latently infected with 17APst(LAT- ) virus,
the amount of viral DNA recovered from latently infected
tissue was measurably less than the amount of either wt or

LAT+ virus. This slight reduction in efficiency of latent infec-
tion of murine ganglia with LAT- mutants of 17syn+ virus
readily correlates with the reduction in amount and delay in
virus recovery seen in in vitro explant models. (iv) Transcrip-
tion of productive-cycle genes could be detected within a few

hours following explant cultivation of murine ganglia latently
infected with all viruses tested. All of these results are consis-
tent with a situation in which virus in a very few latently
infected neurons rapidly enters the productive cascade follow-
ing the insult of explant. This process is independent of LAT
expression.
While viral DNA replication could readily be detected in as

few as 10 productively infected cells by 8 h postinfection (Fig.
5), net viral DNA replication could not be seen at all before 24
h following explant of latently infected ganglia and more
reliably only by 48 h (Fig. 6 and 7). The intensities of viral
DNA signals in latently infected neurons compared with our
quantitative analyses suggest that we were amplifying on the
order of 1,000 copies of viral DNA at the onset of explant
cultivation for each PCR (compare Fig. 4, 6, and 7). Given an

upper limit of 10 viral genomes per latently infected neuron

(36), this indicates that each amplified sample contains DNA
from 100 or so latently infected cells. Immediate onset of
productive replication in more than a very few of these cells
would lead to an increase in viral DNA replication and
recovery of infectious virus observed considerably earlier than
the times actually seen.
As just described and on the basis of viral DNA recovery, we

can estimate that explanted ganglia contain on the order of
1,000 copies of viral DNA in 100 cells at the onset of in vitro
cultivation. Despite this, the intensities of PCR signals for
productive-cycle viral transcripts observed in the first 8 to 16 h
following explant were weak, of the same order of intensity as

signals seen in amplification of samples containing RNA from
fewer than 10 productively infected cells (compare Fig. 8 and
9A); only after 24 to 36 h are more intense RNA signals seen.
Although intensity of PCR signal can be only roughly corre-
lated with amounts of RNA in the infected cell, these data do,
again, suggest that only a few cells produce RNA at early times
following explant.
Although more complex scenarios can be posited, a signifi-

cant factor in the delayed virus recovery phenotype seen with
LAT- 17syn+ virus in explanted latently infected ganglia may
be due to the fewer number of latently infected cells undergo-
ing productive infection at the earliest times because of a

slightly lower efficiency of establishment of latent infection. We
do not yet know the mechanistic basis for this lowered effi-
ciency of establishment of latent infection in murine ganglia; it
is not observed in the establishment of latent infections of
rabbit ganglia (4). It may be that LAT- virus has a slight
replication deficit in some cells during the acute phase of
infection. In this regard, although data presented here and
elsewhere indicate that any LAT-mediated function influenc-
ing replication efficiency is not observable in a number of
assays of virus replication in vitro and in vivo, Block et al. have
recently noted a small-plaque phenotype for a LAT- mutant
on CV-1 cells (2). A slight replication deficit would exacerbate
the reduced numbers of productively replicating centers during
explant of LAT- latent infections, leading to the delay in
appearance of infectious virus seen.
A consideration of the data accumulated here by us and

others (2, 3, 24, 34) indicates that at present, no general
conclusions can be made concerning the precise role of LAT
expression in the process of in vitro reactivation. Earlier
reports suggesting a direct relationship or its lack between
these processes do not address potential differences in the
efficiency of establishment of the latent infection by various
LAT - and LAT+ viruses. The data presented here indicate
that the virus strain used can play a major role. In addition, the
anatomical location of the neural tissue could also play a role,
since Sawtell and Thompson reported a lowered efficiency of
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latent infection of murine trigeminal ganglia with a murine
hyperthermia-explant reactivation model using the same KOS/
29(LAT-) mutant used here (31). It should be noted, how-
ever, that Deshmane et al. have recently reported that the
KOS/29(LAT-) mutant reactivates equivalently to LAT+ de-
rivatives in explants of latently infected murine trigeminal
ganglia (9); thus, the experimental system itself may also be
critical. Further, although we cannot exclude dosage or the use
of saline pretreatment as also being important, we do not favor
this possibility because the levels of viral DNA isolated from
ganglia latently infected with KOS(M)-derived virus mutants
were similar to those seen in infections with 17syn+ mutants
(Table 4). We are in the process of examining strain-specific
and dosage-dependent differences in greater detail.
As is shown in the accompanying report, the LAT-indepen-

dent process of virus recovery in explanted murine ganglia
displays both similarities with and differences from the LAT-
dependent process occurring during induced reactivation in
the rabbit model (4). It is not clear whether the different effects
of LAT expression seen in these different animal models
reflect fundamental differences between them or reflect a
similar LAT-mediated restriction which has different manifes-
tations in the two species. It is clear, however, that conclusions
concerning the role of LAT expression in the reactivation of
HSV from latency based on results with murine in vitro models
should be generalized to in vivo models with caution.
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