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Latent herpes simplex virus type 1 (HSV-1) infection was induced in human embryonic lung cells in vitro by
using a combination of viral replication inhibitors and elevated temperature. Under reactivating conditions
(superinfection by human cytomegalovirus or temperature manipulation), a nonantiviral thymidine kinase
inhibitor (L-653,180) was found to suppress or delay reactivation of HSV-1 from latently infected human
embryonic lung cells. L-653,180 alone or in combination with interferon was ineffective as a primary or acute
viral replication inhibitor and was unable to induce latent HSV-1 infection in cell culture. These data suggest
that initial or acute virus replication and replication resulting from reactivation from latency are separate
events.

The establishment and maintenance of herpes simplex
virus (HSV) latency in infected hosts have been subject to
intense investigation for many decades (4-8, 12, 13, 17, 18,
22, 23). However, the mechanisms involved in the induction
and maintenance of latency are not fully understood. Virus
latency is achieved in vivo when infectious viral particles
cannot be isolated from the host, yet the HSV genome is
shown to be present in HSV type 1 (HSV-1) ganglionic
explants during cocultivation. In vitro induction of HSV-1
latency has been accomplished through the use of viral
inhibitors and temperature manipulation (11, 15-18, 21,
24-27).
The pathogenesis of HSV-1 infection in humans usually

involves virus replication at the point of entry. The virus
proceeds to the nerve endings in the area, where it local-
izes in the nuclei of the nerve cells. It is in the neuronal
nuclei that the establishment and maintenance of the latent
state of the virus infection are probably initiated. At a
later time, the occult latent infection may be reactivated
as a result of nonspecific stimuli. The presence of virus-
specific thymidine kinase (TK) in infected cells has been
implicated in the reactivation of HSV from latency. Tenser
et al. (22) and others (4, 14) have shown that TK has no
role in the establishment and maintenance of HSV-1 laten-
cy; however, there is some indication that TK-deficient
mutants, when latent, reactivate either poorly or not at all (4,
14, 22).

Since TK plays an unknown role in the reactivation of
latent HSV-1, a virus-specific TK inhibitor might affect the
reactivation of latent virus. Therefore, we studied the use of
(±) - 9 -{ [ (Z) - 2 - (hydroxymethyl)cyclohexyl]methyl}guanine
(L-653,180), a nonantiviral TK inhibitor, to suppress the
reactivation of HSV-1 from latently infected cell cultures.
L-653,180 is a potent selective inhibitor of virus-coded TK,
although it is not a substrate for this particular enzyme (3).
L-653,180 is ineffective against acute or primary virus infec-
tion in MRC cells (3). However, in mouse trigeminal gangli-
onic explants treated with the drug, reactivation was delayed
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significantly compared with reactivation in untreated con-
trols under the same conditions, and the amount of reacti-
vated infectious virus was reduced (3).
Our results show that the drug (L-653,180) is ineffec-

tive against virus replication in cell culture but suppresses
HSV-1 reactivation from latently infected cells. The data
suggest that the mechanisms involved in the replication
of HSV-1 during acute infection differ from those con-
trolling the reactivation of HSV-1 from the latent phase of
infection.

MATERIALS AND METHODS
Effect of L-653,180 on virus growth. To determine the

effect of L-653,180 and interferon (IFN) on the replication of
HSV-1, confluent cell monolayers were treated with IFN
and infected with virus in the presence or absence of the
drug (15 ,ug/ml). Briefly, one group of cultures was pre-
treated with the inhibitor and/or IFN combination for 24 h.
Another group was mock treated with 10% Dulbecco mini-
mal Eagle medium (DMEM) for the same period. Then cells
were infected with approximately 15 to 20 PFU of HSV-1 per
cell for 60 min and then washed three times with tri-buffered
saline to remove unadsorbed inoculum. The washing was
used in place of anti-HSV-1 serum to prevent more than one
cycle of virus multiplication. All cultures except the mock-
treated infected controls were refed with medium containing
the inhibitor and then incubated at 37°C for 12 h. Cultures
were sampled and assayed for infectious virus after multiple
cycles of freezing and thawing at 1, 2, 4, 6, 8, 10, and 12 h
after infection.

Induction, maintenance, and reactivation of HSV-1 from
latency. The induction of HSV-1 latency in cell culture by
inhibitors, temperature manipulation, or both has been de-
scribed previously (15). Briefly, human embryonic lung
(HEL) cells (kindly provided by Brian Wigdahl, The Penn-
sylvania State University College of Medicine, Hershey)
were grown to confluency in 10% DMEM at 2 x 106 to 3 x
106 cells per T-25 flask. To induce latency, confluent mono-
layers of cells were pretreated 24 h or overnight with 4.0 ml
of medium containing 200 IU of IFN (Roferon alpha; Hoff-
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mann-La Roche Inc.) and one of the following: acyclovir
(ACV) (34 ,ug/ml), bromovinyl deoxyuridine (BVDU) (15
,ug/ml), 2'-nor-cyclic GMP (2'-nor-cGMP) (15 ,ug/ml) (1, 2, 9,
10, 12, 23), or L-653,180 (15 ,ug/ml) (3). (ACV and BVDU
were generously supplied by Brian Wigdahl; 2'-nor-cGMP
and L-653,180 were obtained from Merck Sharp & Dohme,
Rahway, N.J.) After pretreatment of cells with the inhibitor,
the medium was removed and the cells were infected with
0.5 ml of HSV-1 (strain Patton) at a multiplicity of infection
(MOI) of 0.5 PFU per cell for 1 h with intermittent agitation
of the culture flasks. After infection, duplicate cultures were
refed 4.0 ml of medium containing 200 IU of IFN and
DMEM, 2'-nor-cGMP, ACV, or L-653,180. Unless other-
wise noted, all cultures, including infected and uninfected
(treated and untreated) controls, were incubated at 37°C in
5% CO2 at 90% humidity. Randomly selected duplicate
cultures were scored for the appearance of virus-induced
cytopathic effect (CPE) and then sampled for infectious virus
every 24 h during medium changes.
The maintenance of latently infected cultures was ac-

complished by manipulation of the incubation tempera-
ture or maintenance of cultures in L-653,180 alone or in
combination with IFN. Every other day, cultures were
randomly sampled by plaque assay for infectious virus
and virus-induced CPE. Reactivation of latent HSV-1 was
carried out in one of two ways: (i) by superinfection of cells
with human cytomegalovirus (HCMV) (strain AD169) or (ii)
by reduction of the incubation temperature from 40.5 to
37°C. Cell-associated latent HSV-1 was reactivated from
latency by superinfection with HCMV in the presence or
absence of L-653,180 at permissive or elevated temperatures
(5, 25).

RESULTS

Effect of L-653,180 on growth of HSV-1. L-653,180 alone
or in conjunction with IFN was ineffective as an inhibi-
tor of virus replication during a 12-h growth cycle (Fig. 1).
We did not obtain an inhibition of virus replication by
increasing L-653,180 to as high as 100 ,g/ml in culture.
There was no adverse toxic effect on the cells during this
period as measured by cell death (data not shown). These
data support the finding that TK has no role in virus
replication (4, 14, 22).

Establishment of latent HSV-1 infection. The fact that
L-653,180 could not induce latent HSV-1 infection is consis-
tent with previous observations that TK plays no role in the
establishment and maintenance of HSV-1 latency in trigem-
inal ganglia. In contrast, L-653,180 used alone or in combi-
nation with IFN did not inhibit acute primary virus infection,
nor did it induce latent herpetic infection (Table 1). How-
ever, cultures pretreated with IFN and either ACV or
2'-nor-cGMP for 24 h before infection with HSV-1 could be
maintained thereafter with L-653,180 and IFN for the first 7
days with no visible virus-induced CPE. Increasing the
concentration of L653-180 to as much as 100 ,ug/ml did not
result in any noticeable cytoxicity.
As shown previously, both BVDU and ACV inhibited

acute primary virus replication and induced latency when
used in combination with IFN. Induction of HSV-1 latency in
vitro was accomplished by methods previously described (15,
16), with modifications. 2'-Nor-cGMP, a known potent anti-
viral nucleoside analog, also was found to be a potent inducer
of latent HSV-1 infection in HEL cells (Table 1).
Maintenance and reactivation of latently infected cells.

Having established latent HSV-1-infected cultures, mainte-
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FIG. 1. Effect of L-653,180 (15 ,tg/ml) and IFN (200 IU) on
growth of HSV-1. Confluent monolayers of cells were infected at an
MOI of 15 PFU per cell as described in the text. The inhibitor used
was L-653,180 plus IFN. Symbols: 0, control (10% DMEM); 0,
pretreated cells; C1, posttreated cells. Data shown are representative
of three experiments. At 100 ,ug of L-653,180 per ml, there was no
toxic effect on the viability of the cells.

nance of the cultures was carried out by elevation of the
incubation temperature or by adding L-653,180 and IFN to
the cultures. Reactivation of latent HSV-1 was suppressed
or delayed during the period between 10 to 26 days postin-
fection in the presence of L-653,180 and IFN (Fig. 2).
Subsequent removal of L-653,180 resulted in the reactivation
of latent virus (102.5) on day 30 postinfection. The infectious
virus titer rose to approximately 106°/ml (Fig. 2) 9 days after
the removal of L-653,180 and IFN. Elevation of the incuba-
tion temperature to 40.5°C in similar experiments inhibited
reactivation in the presence or absence of L-653,180. The
suppression of reactivated latent virus was not dependent
upon the initial HSV-1 input multiplicity (MOI, 0.5, 0.1, and
0.001 PFU per cell), nor was the inhibition a function of the
yield of reactivated virus.
Treatment of latent cultures by superinfection with

HCMV at 40.5°C resulted in the reactivation from laten-
cy of the infectious virus (5, 24-26). To ascertain whether
latent HSV-1 could be reactivated in the presence of L-
653,180 and IFN, cultures were superinfected with 0.2 PFU
ofHCMV per cell on day 26 postinfection. In the presence of
L-653,180 and IEN, the reactivation of infected cultures by
HCMV was suppressed. For instance, in L-653,180-free
cultures, infectious virus reactivated to titers that were high
(104.8 to 105-3/ml) compared with the titers obtained from the
cultures maintained in L-563,180 (Fig. 2). This observation
suggests a possible role for TK in the reactivation process.

Duration of latency after superinfection with HCMV. We
examined the duration of latency in the presence or absence
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TABLE 1. Establishment of HSV-1 latency in HEL cells in vitro

Virus titer (PFU/ml)b and CPE at day postinfection
Pretreatmenta Maintenance

1 2 3 5 7

DMEM DMEM 2.3 x 108 (+ +)c 2.4 x 108 (+ + +) 3.8 x 107 (+ + +) 1.4 x 105 (+ + + +) 1.OX 103 (+ + + +)
IFN IFN 5.5 x 108 (+) 2.4 x 108 (+ + +) 4.8 x 107 (+ + + +) 5.8 x 103 (+ + + +) 3.3 x 103 (+ + + +)
ACV-IFN ACV-IFN <10l(o ) <10l(o ) <10l(o ) <10l(o ) <10l ()
ACV-IFN L-653,180-IFN <10'(l ) <10l (' ) <10l (' ) <10l (' ) <10l ()
BVDU-IFN BVDU-IFN 2.3 x 102 (-) 2.8 x 103 (-) 4.4 x 104 (+) 1.8 x 105 (++) 1.3 x 105 (++)
BVDU-IFN L-653,180-IFN 2.0 x 102 (-) 1.9 X 104 1.5 x104 (++) 3.8 x 104 (+++) 9.5 x 102 (+++)
2'-Nor-cGMP 2'-Nor-cGMP 2.5 x 103 (+) 5.0 x 103 (++) 1.3 x 104 (++) <101 (+++) <101 (+++)
L-653,180 L-653,180 3.5 x 108 (++) 1.3 x 108 (+ + +) 3.3 x 10" (+ + +) 4.4 x 106 (+ + + +) 5.0 x 102 (+ + + +)
2'-Nor-cGMP-IFN L-653,180-IFN 2.3 x 102 (_) <10l(o ) <10l (+) <10l (+) <10l (+)
2'-Nor-cGMP-IFN 2'-Nor-cGMP-IFN 4.0 x 102 (-) <10l(o ) <10l (+) <101 (+) <101 (+)
L-653,180-IFN L-653,180-IFN 4.3 x 108 (++) 8.2 x 104 (+ +) 1.5 X 106 (+ + +) 1.9 x 104 (++++) 5.0 x 102 (+ + + +)

a Inhibitors: BVDU, 15 p.g/ml; ACV, 34 Fg/m1; 2'-nor-cGMP (MSD-L-648,164-002L011), 10 to 15 Fjg/ml; L-653,180 (MSD-L-653,180-000Y002), 10 to 15 Fg/ml.
b Representative of three separate experiments in duplicate at an MOI of 0.5 PFU per cell.
c Scoring of CPE: -, 0%o; +, 25%; + +, 50%o; + + +, 75%; + + + +, 100o CPE.

of L-653,180. In cultures maintained in L-653,180 and IFN,
the reactivation of HSV-1 by HCMV occurred after 8 and 11
days, compared with 3 to 4 days for the inhibitor-free
cultures (Table 2). Without superinfection of latent cultures,
it took 11 to 13 days for infectious virus to be measured in
the presence of L-653,180 and IFN and 2 to 4 days to be
measured in L-653,180-free medium. For unknown reasons,
the inhibitory effect of L-653,180 was not observed in
BVDU-induced, latently infected cultures in similar experi-
ments.
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DISCUSSION

We have succeeded in suppressing or delaying the activa-
tion of infectious HSV-1 from latently infected HEL cells by
using a nonantiviral virus-specific TK inhibitor (L-653,180).
The inhibitory effect of L-653,180 was not dependent on the
yield of reactivated virus or on the initial input multiplicity of
virus (in this study, MOIs ranged from 0.5 to 0.001 PFU per
cell) used to establish the latent phase of infection. Under
reactivating conditions (incubation temperature manipula-

30 35 40 60

Time (Days Postinfection)
FIG. 2. Induction of HSV-1 latency by 2'-nor-cGMP and reactivation in the presence or absence of L-653,180 (15 jig/ml) and IFN. Latency

was established as described in Materials and Methods. HEL cells were infected (HSV-1, 0.5 PFU per cell) and then maintained in
2'-nor-cGMP and IFN for 7 days. At day 7, the drugs were removed and the temperature was elevated to 40.5°C. At day 10, some of the
cultures were returned to 37°C and the rest were continued at 40.5°C. From this point on, all cultures were maintained in the presence of
L-653,180 and IFN, except for one maintained in 10%o DMEM (0); this culture was not subsequently superinfected. The drugs were removed
from all other cultures at day 26, and the cells were superinfected with HCMV. In similar experiments, cultures were kept at 37°C in the
presence (l) or absence (U) of L-653,180 and IFN; others were kept at 40.50C in the presence (A) or absence (A) of L-653,180 and IFN. Virus
titers were determined by plaque assays (in triplicate) in Vero cells. Results are representative of three experiments.
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TABLE 2. Effect of HCMV superinfection on latent HSV-1 reactivation at 37°C

Virus titer (PFU/ml)a

Pretreatment Maintenance HCMV with: No HCMV with:

No inhibitor" Inhibitor' No inhibitor Inhibitor

BVDU-IFN BVDU-IFN 3.0 x 102 (2) 3.0 x 102 (2) NDc 1.0 x 104 (<2)
2'-Nor-cGMP-IFN 2'-Nor-cGMP-IFN 1.2 x 104 (11) 4.0 x io5 (15) 3.4 x io5 (7) <101 (15)
ACV-IFN L-653,180-IFN 4.7 x 104 (4) 1.1 x 104 (8) 1.7 x 105 (4) 2.0 x 104 (11)
2'-Nor-cGMP-IFN L-653,180-IFN 4.1 x 103 (3) 4.9 x 104 (11) 2.6 x 103 (2) 1.3 x 102 (13)

a Representative of three separate experiments in duplicate at an MOI of 0.5 PFU per cell. Numbers in parentheses refer to days postinfection before the
appearance of infectious virus.

b Presence or absence of inhibitor (L-653,180 and IFN) with HCMV (0.2 PFU per cell) postsuperinfection.
c ND, Not detennined.

tion or superinfection of latent cultures with HCMV), L-
653,180 alone or in conjunction with IFN suppressed the
reactivation ofHSV-1 from latency. Not only was L-653,180
ineffective as a replication inhibitor, but it did not induce
latent HSV-1-infected cultures in vitro. This initial finding
supports the fact that TK is not necessary for HSV replica-
tion and does not play any role in the establishment and
maintenance of HSV latency (4, 14, 22).
Although L-653,180 is a potent and specific inhibitor of

HSV TK, it is not a substrate for this enzyme (3). Its
inhibitory effect on the viral TK may reduce the amount of
TMP available for viral DNA replication, but there are other
inherent biochemical de novo and salvage pathways ofTMP
in cell cultures. Nevertheless, TK-deficient viral mutants are
infectious in culture. However, TK-deficient mutants are
much less virulent than the wild type in animal studies and
do not usually establish latency or at least establish recurrent
infections. The inability of TK-deficient mutants to establish
recurrent infections suggests that TK may play an important
role in the process of reactivation of latent HSV, which
would supply TMP in cells such as the neurons harboring the
latent virus, where there is very little, if any, endogenous
TMP. It is also possible that TK is involved in the mecha-
nism that triggers the reactivation of latent virus (20).
Therefore, a viral TK inhibitor like L-653,180 may effec-
tively prevent or delay the reactivation of latent virus, as
clearly demonstrated in this study.
We also reported that 2'-nor-cGMP, a known inhibitor of

viral replication, can be used to induce and establish latent
HSV-1 and that L-653,180 inhibits the virus-specific TK.
Although this cyclic phosphate of ganciclovir is converted to
the linear monophosphate of ganciclovir and further phos-
phorylated to the triphosphate, a potent inhibitor of the HSV
DNA polymerase, there is evidence suggesting that its main
mode of action is not in vivo. It also acts by another
mechanism (12) that has not, as yet, been elucidated. What-
ever the mechanism might be, the presence of a replication
inhibitor is expected to prevent the reactivation of latent
virus.
The end result of elevated temperature and L-653,180 on

the reactivation of latent HSV-1 in infected cells is the
suppression of reactivation. However, both L-653,180 and
elevated temperature may act through a different mode of
action. For instance, HCMV reactivates latent HSV-1 from
infected cultures at elevated temperatures (17, 19, 20-27); on
the other hand, L-653,180 suppressed reactivation at both
elevated and permissive incubation temperatures (Fig. 2).
The effect of L-653,180 was not dependent on the latency-
inducing agent, since ACV-induced latently infected cultures
exhibited the same effect as those induced by 2'-nor-cGMP
(data not shown).

The idea that L-653,180 probably inhibits the replication of
small amounts of virus that can be reactivated does not
appear to be valid in this case, because the suppression of
reactivated virus was independent ofthe input multiplicity or
the amount of reactivated latent virus. Thus, the ability of
L-653,180 TK inhibitor to "distinguish" between acute
infection and reactivation events indicates that TK may be
involved in reactivation. In summary, reactivation of HSV-1
by HCMV in HEL cells was suppressed in the presence of
L-653,180 and IFN. It appears from this study that L-653,180
plus IFN, although ineffective as an antiviral agent against
HSV-1 during acute or initial infection, effectively blocks the
reactivation of latent HSV-1. Although the findings of this
study with regard to HSV pathogenesis are not clear, the
results suggest (i) that viral TK inhibitors may have utility in
chemotherapeutic intervention of recurrent herpes infec-
tions to prevent reactivation of the latent virus and (ii) that
virus replication and reactivation are separately controlled
events, with a role for TK in the latter case.

ACKNOWLEDGMENTS
We thank Brian Wigdahl for assistance and thoughtful discus-

sions, J. M. Tevethia and David Spector for their critical review of
the manuscript, and Melissa Hill and Ann Viozzi for editorial work.

This work was supported in part by Public Health Service grant
CA-34479 from the National Cancer Institute and Biomedical Re-
search Support grant RR-05680 from the National Institutes of
Health.

LITERATURE CITED
1. Ashton, W. T., L. F. Canning, G. F. Reynolds, R. L. Tohman,

J. D. Karkas, R. Liou, M. M. Davies, C. M. DeWitt, H. C. Perry,
and A. K. Field. 1985. Synthesis and antihrpetic activity of (S)-,
(R)-, and (±)-9-[(2,3-dihydroxy-1-propoxy)methyl]guanine, lin-
ear isomers of 2;-nor-2'-deoxyguanosine. J. Med. Chem. 28:
926-933.

2. Ashton, W. T., J. D. Karkas, A. Field, and R. L. Tolman. 1982.
Activation by thymidine kinase and potent antiherpetic activity
of2'-nor-2'-deoxyguanosine (2'-NDG). Biochem. Biophys. Res.
Commun. 108:1716-1721.

3. Ashton, W. T., L. C. Meurer, R. L. Tolman, J. D. Karkas, R.
Liou, H. C. Perry, S. M. Czelusniak, and R. J. Klein. 1989. A
potent, selective, non-substrate inhibitor of HSV-1 thymidine
kinase: (+)-9-1[(Z)-2-(hydroxymethyl)cyclohexyl]methyl}gua-
nine and related compounds. Nucleosides Nucleotides 28:1157-
1158.

4. Coen, D. M., M. Kosz-Vnenchak, J. G. Jacobson, D. A. Leib,
C. L. Bogard, P. A. Schaffer, K. L. Tyler, and D. M. Knipe.
1989. Thymidine kinase-negative herpes simplex virus mutants
establish latency in mouse trigeminal ganglia but do not reacti-
vate. Proc. Natl. Acad. Sci. USA 86:47364740.

5. Colberg-Poley, A. M., H. C. Isom, and F. Rapp. 1979. Reacti-
vation of herpes simplex virus type 2 from a quiescent state by

1554 NSIAH ET AL.



SUPPRESSION OF LATENT HSV-1 REACTIVATION 1555

human cytomegalovirus. Proc. Natl. Acad. Sci. USA 76:5948-
5951.

6. Cook, M. L., and J. G. Stevens. 1976. Latent herpetic infections
following experimental viraemia. J. Gen. Virol. 31:75-80.

7. De Clercq, E. 1984. BVDU [(E)-5-(2-bromovinyl)-2'-deoxy-
uridine], p. 99-104. In Y. Becker (ed.), Antiviral drugs and
interferon: the molecular basis of their activity. Martinus Ni-
jhoff BV, The Hague, The Netherlands.

8. Elion, G. B. 1982. Mechanisms of action and selectivity of
acyclovir. Am. J. Med. 73:7-13.

9. Field, A. K., M. E. Davies, C. DeWitt, H. C. Perry, R. Liou,
J. Germershausen, J. D. Karkas, W. T. Ashton, D. B. Johnson,
and R. L. Tolman. 1983. 9-{[2-Hydroxy-1-(hydroxymethyl)
ethoxy]methyl}guanine: a selective inhibitor of herpes group
virus replication. Proc. Natl. Acad. Sci. USA 80:4139-4143.

10. Field, A. K., M. E. Davies, C. M. DeWitt, H. C. Perry, T. L.
Schofield, J. D. Karkas, J. Germershausen, A. F. Wagner, C. L.
Cantone, M. MacCoss, and R. L. Tolman. 1986. Efficacy of
2'-nor-cyclicGMP in treatment of experimental herpes virus
infections. Antiviral Res. 6:329-341.

11. Gerdes, J. C., H. S. Marsden, M. L. Cook, and J. G. Stevens.
1979. Acute infection of differentiated neuroblastoma cells by
latency-positive and latency-negative herpes simplex virus ts
mutants. Virology 94:430-441.

12. Germershausen, J., R. Bostedor, R. Liou, A. K. Field, A. F.
Wagner, M. MacCoss, R. L. Tolman, and J. D. Karkas. 1986.
Comparison of the modes of antiviral action of 2'-nor-deoxygua-
nosine and its cyclic phosphate, 2'-nor-cyclic GMP. Antimi-
crob. Agents Chemother. 29:1025-1031.

13. Klein, R. J. 1985. Initiation and maintenance of latent herpes
simplex virus infections: the paradox of perpetual immobility
and continuous movement. Rev. Infect. Dis. 7:21-30.

14. Leist, T. P., R. M. Sandri-Goldin, and J. G. Stevens. 1989.
Latent infections in spinal ganglia with thymidine kinase-defi-
cient herpes simplex virus. J. Virol. 63:4976-4978.

15. Levine, M., A. L. Goldin, and J. C. Glorioso. 1980. Persistence
of herpes simplex virus genes in cells of neuronal origin. J.
Virol. 35:203-210.

16. Nutter, L. M., S. P. Grill, G. E. Dutschman, R. A. Sharma, M.
Bobek, and Y. Cheng. 1987. Demonstration of viral thymidine

kinase inhibitor and its effect on deoxynucleotide metabolism in
cells infected with herpes simplex virus. Antimicrob. Agents
Chemother. 31:368-374.

17. O'Neill, F. J. 1977. Prolongation of herpes simplex virus latency
in cultured human cells by temperature elevation. J. Virol.
24:41-46.

18. O'Neill, F. J., R. J. Goldberg, and F. Rapp. 1972. Herpes
simplex virus latency in cultured human cells following treat-
ment with cytosine arabinoside. J. Gen. Virol. 14:189-197.

19. Roizman, B. 1965. An inquiry into the mechanism of recurrent
herpes infections of man. Perspect. Virol. 4:283-301.

20. Roizman, B., and A. E. Sears. 1987. An inquiry into the
mechanisms of herpes simplex virus latency. Annu. Rev. Mi-
crobiol. 41:543-571.

21. Scheck, A. C., B. Wigdahl, E. De Clercq, and F. Rapp. 1986.
Prolonged herpes simplex virus latency in vitro after treatment
of infected cells with acyclovir and human leukocyte interferon.
Antimicrob. Agents Chemother. 29:589-593.

22. Tenser, R. B., K. A. Hay, and W. A. Edris. 1989. Latency-
associated transcript but not reactivatable virus is present in
sensory ganglion neurons after inoculation of thymidine kinase-
negative mutants of herpes simplex virus type 1. J. Virol.
63:2861-2865.

23. Tolman, R. L., A. K. Field, J. D. Karkas, A. F. Wagner, J.
Germershausen, C. Crumpacker, and E. M. Scolnick. 1985.
2'-Nor-cGMP: a seco-cyclic nucleotide with powerful anti-
DNA-viral activity. Biochem. Biophys. Res. Commun. 128:
1329-1335.

24. Wigdahl, B., A. C. Scheck, R. J. Ziegler, E. De Clercq, and F.
Rapp. 1984. Analysis of the herpes simplex virus genome during
in vitro latency in human diploid fibroblasts and rat sensory
neurons. J. Virol. 49:205-213.

25. Wigdahl, B. L., H. C. Isom, and F. Rapp. 1981. Repression and
reactivation of the genome of herpes simplex viruses in human
cells. Proc. Natl. Acad. Sci. USA 78:6522-6526.

26. Wigdahl, B. L., A. C. Scheck, E. De Clercq, and F. Rapp. 1982.
High efficiency latency and activation of herpes simplex virus in
human cells. Science 217:1145-1146.

27. Wrzos, H., and F. Rapp. 1987. Establishment of latency in vitro
with herpes simplex virus temperature-sensitive mutants at
nonpermissive temperature. Virus Res. 8:301-308.

VOL. 34, 1990


