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ABSTRACT

p53 is a critical host cell factor in the cellular response to a broad range of stress factors. We recently reported that p53 is re-
quired for efficient herpes simplex virus 1 (HSV-1) replication in cell culture. However, a defined role for p53 in HSV-1 replica-
tion and pathogenesis in vivo remains elusive. In this study, we examined the effects of p53 on HSV-1 infection in vivo using
p53-deficient mice. Following intracranial inoculation, p53 knockout reduced viral replication in the brains of mice and led to
significantly reduced rates of mortality due to herpes simplex encephalitis. These results suggest that p53 is an important host
cell regulator of HSV-1 replication and pathogenesis in the central nervous system (CNS).

IMPORTANCE

HSV-1 causes sporadic cases of encephalitis, which, even with antiviral therapy, can result in severe neurological defects and
even death. Many host cell factors involved in the regulation of CNS HSV-1 infection have been investigated using genetically
modified mice. However, most of these factors are immunological regulators and act via immunological pathways in order to
restrict CNS HSV-1 infection. They therefore provide limited information on intrinsic host cell regulators that may be involved
in the facilitation of CNS HSV-1 infection. Here we demonstrate that a host cell protein, p53, which has generally been consid-
ered a host cell restriction factor for various viral infections, is required for efficient HSV-1 replication and pathogenesis in the
CNS of mice. This is the first report showing that p53 positively regulates viral replication and pathogenesis in vivo and provides
insights into its molecular mechanism, which may suggest novel clinical treatment options for herpes simplex encephalitis.

Herpes simplex virus 1 (HSV-1) is an etiological agent in vari-
ous human mucocutaneous diseases, such as herpes labialis,

genital herpes, herpetic whitlow, and keratitis. HSV-1 also causes
herpes simplex encephalitis (HSE), which is sporadic and which
can be lethal or result in severe neurological defects in a significant
fraction of survivors, even with antiviral therapy (1).

p53 is a multifunctional host protein that plays a central role in
cellular responses to a broad range of stress factors through its
regulation of various cellular pathways, such as apoptosis, cell
cycling, cellular senescence, DNA repair, autophagy, and innate
immune control (2, 3). Since viral infection is a type of stress, it
appears that viral infection activates p53 responses that trigger
apoptosis of infected cells, thereby suppressing viral replication
(4). Thus, when a person is infected with a DNA virus, viral ge-
nome replication induces host DNA damage responses (DDRs),
which activate apoptotic p53 responses (4). In RNA virus infec-
tions, double-stranded RNAs are produced, and these double-
stranded RNAs trigger antiviral responses mediated by type I in-
terferon (IFN-I) signaling, in which p53 appears to function as
both an upstream and a downstream regulator (5, 6). In agree-
ment with these observations, the replication of various viruses in
cell culture, including hepatitis C virus, vesicular stomatitis virus
(VSV), Sendai virus, poliovirus, influenza A virus (IAV), vaccinia
virus, human papillomavirus, and JC virus, is enhanced by the
knockout or knockdown of p53 and inhibited by the overexpres-
sion of p53 (4, 6–8). Furthermore, it is well established that many
viruses have acquired a variety of distinct mechanisms to counter-
act the negative effects of p53 in infected cells (4). Thus, p53 is

generally considered a host restriction factor in a range of viral
infections.

Conversely, some viruses appear to require p53 for efficient
viral replication. It has been reported that knockout of p53 im-
pairs the replication of human cytomegalovirus (HCMV) and
HSV-1 (9, 10). In addition, p53 has been shown to be required for
the efficient expression of the Epstein-Barr virus (EBV) protein
BZLF1, a key regulator in the initiation of viral lytic infection (11).
However, at later stages of lytic infection, BZLF1-mediated p53
degradation counteracts p53’s inhibitory effects and prevents
apoptosis of infected cells (12). Similarly, p53 promotes expres-
sion of HSV-1 ICP27, an essential regulator of viral gene expres-
sion, early in infection but at later stages of infection has the op-
posite effect on another critical regulator of viral gene expression,
HSV-1 ICP0 (9). Interestingly, this negative effect of p53 on ICP0
expression appears to be antagonized by HSV-1 ICP22. In agree-
ment with these observations, p53 knockout had no obvious effect
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on the replication of an ICP22-null HSV-1 mutant, although it
significantly reduced wild-type (WT) HSV-1 replication, as de-
scribed above (9). These observations suggest that these viruses
have evolved multiple mechanisms to precisely (in a time- and
status-dependent manner) organize p53’s positive and negative
effects in infected cells.

Collectively, the numerous studies described above have grad-
ually begun to elucidate the multiple roles of p53 in the replication
of a variety of viruses. However, the information provided above is
mostly based on studies that used cell culture systems, and studies
that have investigated whether p53 is, in fact, involved in viral
replication and pathogenesis in vivo are limited. Thus far, in stud-
ies using p53-deficient (p53�/�) mice, p53 has been shown to be a
critical host restriction factor in vivo for only a fraction of RNA
viruses, including VSV, IAV, the polycythemia-inducing strain of
Friend vius (FVP), and Abelson murine leukemia virus (5, 13–15).
Furthermore, a role(s) for p53 in infection by DNA viruses in vivo
has not yet been reported. In this study, we report the effects of p53
on the replication and pathogenesis of HSV-1 in vivo using p53-
deficient mice.

MATERIALS AND METHODS
Mice and virus. p53-deficient (p53�/�) ICR mice and their wild-type
(p53�/�) littermates were obtained by interbreeding heterozygous
(p53�/�) mice (accession number CDB 0001K) (16), provided by the
RIKEN BioResource Center (BRC). The WT strain HSV-1(F) was de-
scribed previously (17, 18).

Animal studies. For intracranial infection, 5- to 7-week-old female
p53�/� ICR mice and littermate control p53�/� ICR mice were injected
intracranially with 100 PFU of HSV-1(F) as described previously (17).
Mice were monitored daily, and mortality was recorded from 1 to 14 days
postinfection. The virus titers in the brains of the mice were determined as
described previously (19). All animal experiments were carried out in
accordance with the Guidelines for Proper Conduct of Animal Experiments
of the Science Council of Japan (20). The protocol was approved by the
Institutional Animal Care and Use Committee, Institute of Medical Sci-
ence, the University of Tokyo (IACUC protocol approval 19-26).

Histopathology and immunohistochemistry. Five- to 7-week-old fe-
male p53�/� ICR mice and littermate control p53�/� ICR mice were
infected intracranially with 100 PFU of HSV-1(F) and killed 6 days after
infection, and their brains were perfused with 4% phosphate-buffered
paraformaldehyde overnight at 4°C and then placed in 70% ethanol. The
fixed brains were routinely embedded in paraffin, sectioned, and stained
with hematoxylin and eosin. Immunohistochemical detection of HSV-1

antigen was performed on paraffin-embedded sections as described pre-
viously (21). The sections were examined with a BZ-9000 fluorescence
microscope (Keyence), and antigen-stained areas were quantitated using
a BZ-II analyzer (version 2.1; Keyence).

Flow cytometry. Five- to - week-old female p53�/� ICR mice and
littermate control p53�/� ICR mice were infected intracranially with 100
PFU of HSV-1(F) as described above. For isolation of white blood cells
from the brains, at 6 days postinfection, the brains from infected mice
were cut into small pieces, incubated in RPMI 1640 containing 2% fetal
calf serum, 1 mg collagenase D (Wako)/ml, and 15 �g DNase I
(Roche)/ml for 30 min at 37°C, filtered through a 70-�m-pore-size filter,
suspended in 15 ml 30% Percoll (GE Healthcare) in RPMI 1640, and
centrifuged at 7,800 � g for 30 min at room temperature (22). The myelin
debris on the top was removed, and the layer containing white blood cells
above the red blood cell layer was collected and washed. The total number
of viable white blood cells was determined by the trypan blue exclusion
test. The isolated white blood cells were stained with phycoerythrin (PE)-
conjugated anti-CD45 (catalog number 30-F11; eBioscience), PE-Cy7-
conjugated anti-Ly6G (catalog number 1A8; BD), allophycocyanin
(APC)-Cy7-conjugated anti-CD11b (catalog number M1/70; BD), fluo-
rescein isothiocyanate-conjugated anti-CD11c (catalog number N418;
eBioscience), and APC-conjugated anti-F4/80 (catalog number BM8;
eBioscience) antibodies at 4°C for 30 min. Immediately before flow cy-
tometry analysis, 7-amino-actinomycin D (7-AAD; BD) was added to the
cells, and 7-AAD-positive dead cells were excluded from analysis. Mul-
tiparameter analyses were performed with a flow cytometer (Verse;
BD). The total number of neutrophils per brain was calculated by
multiplying the fraction of CD45� Ly6G� CD11b� cells (i.e., the
number of CD45� Ly6G� CD11b� cells divided by the number of
viable 7-AAD-negative cells) by the total number of viable white blood
cells isolated per brain.

RNA sequencing (RNA-seq). Five- to 7-week-old female p53�/� and
p53�/� ICR mice were infected intracranially with 100 PFU of HSV-1(F)
as described above. Total RNA was isolated at 6 days postinfection. Brains
were homogenized in TriPure isolation reagent (Roche) using a dispos-
able pestle system (Fisher), and total RNA was then isolated with a High
Pure RNA tissue kit (Roche) according to the manufacturer’s instruc-
tions. For RNA sequencing analysis, equal amounts of total RNA from
either p53�/� or p53�/� mice (n � 6) were pooled into one sample.

FIG 1 Five- to 7-week-old female p53�/� (n � 13) and p53�/� (n � 13) ICR
mice were inoculated with 100 PFU of HSV-1(F) intracranially, and survival
was monitored for 14 days. Statistical significance was determined by the log-
rank test.

FIG 2 Five- to 7-week-old female p53�/� (n � 19) and p53�/� (n � 19) ICR
mice were inoculated with 100 PFU of HSV-1(F) intracranially. At 5 days
postinfection, the brains of infected mice were harvested, and virus titers were
assayed. Each data point is the virus titer in the brain of one mouse. The
horizontal bars indicate the mean for each group. Statistical significance was
determined by the two-tailed Student t test.
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Sequencing libraries were constructed with the SureSelect strand-specific
RNA library (Agilent); 100-bp paired-end sequencing was performed us-
ing an Illumina HiSeq 2500 sequencer (Illumina) according to the man-
ufacturer’s instructions. The raw sequence reads were mapped to the
mouse genome (mm9) or HSV-1 genome (GenBank accession number
GU734771.1) using the program TopHat. The normalized transcription
profiles were estimated on the basis of the mapping results using the
program Cufflinks. The number of reads per kilobase of exon per
million mapped reads (RPKM) was converted from the row read
counts of each transcript using the program Cuffdiff. The RPKM of
HSV-1 genes was multiplied by (total number of mapped reads of the
HSV-1 genome)/(total number of mapped reads of the mouse ge-
nome).

Nucleotide sequence accession number. RNA sequencing data have
been registered in the DNA Data Bank of Japan under accession number
DRA004742.

RESULTS AND DISCUSSION

To investigate the role of p53 in HSV-1 infection in the central
nervous system (CNS), we infected p53�/� and p53�/� mice with
100 PFU of HSV-1(F) intracranially. The survival of the infected

FIG 3 Histopathological features of the brains of p53�/� and p53�/� mice following intracranial inoculation. Five- to 7-week-old female p53�/� (n � 10) and
p53�/� (n � 9) ICR mice were inoculated with 100 PFU of HSV-1(F) intracranially. At 6 days postinfection, the brains of infected mice were harvested, sectioned,
and stained with hematoxylin and eosin (B, D, E, G, I, and J) or with an antibody to HSV-1 antigens (A, C, F, and H). Panels C, D, H, and I show magnified images
of the regions indicated with white rectangles in panels A, B, F, and G, respectively. Panels E and J show magnified images of the uninfected regions indicated with
black rectangles in panels B and G, respectively. In panels D and I, neutrophils are indicated by black arrows. Representative images are shown. Bars, 50 �m.

FIG 4 Five- to 7-week-old female p53�/� (n � 14) and p53�/� (n � 14) ICR
mice were inoculated with 100 PFU of HSV-1(F) intracranially. At 6 days postin-
fection, lymphocytes in the brain were harvested and CD11b� Ly6G� cells were
quantified by flow cytometry. Each data point is the total number of CD11b�

Ly6G� cells in the brain of one mouse. The horizontal bars indicate the mean for
each group. Statistical significance was determined by the two-tailed Student t test.
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mice was monitored for 14 days postinfection, and virus titers in
the brains were assayed at 5 days postinfection. As shown in Fig. 1,
most of the p53�/� mice survived, but the virus killed 77% of
p53�/� mice. Mortality in the p53�/� mice was 5.0-fold higher
than that in the p53�/� mice. Viral titers in the brains of p53�/�

mice were consistently and significantly higher (3.2-fold) than
those in the brains of p53�/� mice (Fig. 2). We note that an ap-
proximately 3-fold difference in the level of HSV-1 replication in
the brains of mice has been reported to lead to significant changes
in the survival rates of mice (19, 23, 24).

At 6 days postinfection we analyzed the histopathology of the
brains of the p53�/� and p53�/� mice intracranially infected with
HSV-1. In agreement with the effects of p53 on viral replication
and virulence in mice following intracranial infection (Fig. 1 and
2), the spread of viral antigens in the brains of p53�/� mice was
apparently lower than that in the brains of p53�/� mice (Fig. 3A,
C, F, and H). The HSV antigen-positive areas in whole-brain sec-
tions of p53�/� mice (Fig. 3A and F) were 3.8-fold larger than
those in whole-brain sections of p53�/� mice. The brains of
p53�/� mice showed more edematous lesions, coincident with the
spread of viral antigens, than those of p53�/� mice (Fig. 3B, D, G,
and I). In addition, increased levels of neutrophil-like cells had
infiltrated into sites of viral infection in p53�/� mice relative to the
levels in p53�/� mice (Fig. 3D and I). To verify this result, at 6 days
postinfection we measured the recruitment of neutrophils into the
brains of infected mice following intracranial inoculation. As
shown in Fig. 4, the number of neutrophils (CD11b� Ly6G� cells)
observed in the brains of p53�/� mice was significantly higher
(1.7-fold) than that observed in the brains of p53�/� mice. It has
previously been reported that edematous lesions and neutrophil
recruitment to mouse brain are closely associated with HSE and
HSV-1 encephalitis in mice (25, 26). Furthermore, it has also been
shown that wild-type mice can control murine cytomegalovirus
(MCMV) brain infection but that MCMV brain infection is lethal
to interleukin-10 (IL-10)-deficient mice, wherein neutrophil in-
filtration is increased significantly, although only about 2-fold

TABLE 1 HSV-1 gene expression in the brains of mice

Gene

Normalized RPKMa

Fold activationbp53�/� mice p53�/� mice

RL1 0.5 0.2 2.5
RL2 22.0 3.0 7.3
RS1 3.5 0.5 7.6
UL1 72.4 6.7 10.8
UL2 60.0 4.5 13.3
UL3 28.9 2.5 11.6
UL4 24.6 2.6 9.4
UL5 19.9 1.7 11.4
UL6 22.1 1.8 12.2
UL7 28.5 3.3 8.7
UL8 13.7 1.1 12.0
UL9 20.0 1.8 11.1
UL10 62.5 5.8 10.7
UL11 86.1 7.9 11.0
UL12 89.5 8.8 10.2
UL13 35.0 3.9 9.0
UL14 32.1 3.6 8.8
UL15 18.8 2.1 8.9
UL16 37.8 3.7 10.3
UL17 12.4 1.3 9.7
UL18 228.7 21.0 10.9
UL19 76.4 6.7 11.4
UL20 19.8 2.1 9.3
UL21 28.3 3.1 9.1
UL22 30.1 3.0 10.1
UL23 47.7 3.2 14.7
UL24 34.1 4.2 8.1
UL25 36.2 3.0 12.0
UL26 59.3 5.4 11.1
UL26.5 16.0 1.0 15.5
UL27 160.6 14.5 11.1
UL28 15.4 1.6 9.9
UL29 72.5 7.8 9.3
UL30 35.4 3.3 10.6
UL31 102.3 9.1 11.3
UL32 26.4 2.6 10.3
UL33 24.3 3.7 6.5
UL34 158.6 14.0 11.3
UL35 333.1 30.8 10.8
UL36 6.6 0.7 9.8
UL37 19.9 2.0 10.0
UL38 17.5 1.6 11.1
UL39 64.0 5.9 10.9
UL40 153.1 14.7 10.4
UL41 39.9 4.0 10.1
UL42 139.7 12.7 11.0
UL43 15.3 1.5 10.2
UL44 100.7 9.3 10.8
UL45 154.5 15.6 9.9
UL47 32.5 3.1 10.6
UL46 79.8 7.6 10.4
UL48 297.6 29.7 10.0
UL49 72.5 7.7 9.4
UL49A 41.6 4.0 10.5
UL50 68.9 5.0 13.7
UL51 32.6 3.5 9.3
UL52 23.3 2.3 10.0
UL53 40.1 4.7 8.6
UL54 51.7 5.2 9.9
UL55 33.4 3.3 10.0
UL56 20.4 2.0 10.0

TABLE 1 (Continued)

Gene

Normalized RPKMa

Fold activationbp53�/� mice p53�/� mice

US1 172.0 22.1 7.8
US2 44.2 4.6 9.7
US3 32.6 3.8 8.6
US4 50.6 5.0 10.1
US5 5.7 0.8 7.3
US6 148.6 14.6 10.2
US7 183.2 16.9 10.8
US8 79.8 10.1 7.9
US8A 88.8 10.3 8.6
US9 301.6 44.8 6.7
US10 185.9 22.4 8.3
US11 242.2 27.9 8.7
US12 154.7 20.1 7.7

Avg 10.0
a RPKM (the number of reads per kilobase of exon per million mapped reads) was
multiplied by (total number of mapped reads of the HSV-1 genome)/(total number of
mapped reads of the mouse genome).
b Fold activation represents the fold increase in the level of activation in p53�/� mice
compared with the level of activation in p53�/� mice.
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(27). This suggests that a 2-fold difference in neutrophil infiltra-
tion in the brains of infected mice may lead to profound changes
in pathogenesis. These results indicate that p53 is required for
efficient viral virulence, replication, and spread and for the conse-
quent development of viral encephalitis in the brains of mice fol-
lowing intracranial inoculation. This requirement for p53 for
efficient viral replication in the CNS of mice is in agreement
with the findings of our previous study using cell culture, as
described above (9). To our knowledge, this is the first report
showing that p53 plays a positive role in viral replication and
pathogenesis in vivo.

Next, to investigate the effect of p53 knockout on global viral
and host cellular gene expression in the brains of infected mice, we
performed whole-transcriptome shotgun sequencing analysis of
the brains from infected p53�/� and p53�/� mice following intra-
cranial infection. As shown in Table 1, p53 knockout downregu-
lated the expression of all HSV-1 transcripts in the brains of in-
fected mice. These results are in agreement with the results
presented above showing that p53 knockout downregulated viral
replication and indicate that p53 is required for global HSV-1 gene
expression in the brains of mice following intracranial inocula-
tion. Notably, although recent work has used cell culture to iden-
tify p53 response elements (p53RE) in the OriS and OriL regions

of HSV-1, which appear to mediate repression of the OriL and
OriS proximal genes ICP8 (UL29) and ICP4 (RS1) in a p53-de-
pendent manner (28), p53 knockout did not increase the expres-
sion of ICP8 and ICP4 mRNAs (Table 1). In addition, p53 was
previously shown to specifically upregulate expression of ICP27
mRNA early in infection (9), whereas in this study, p53 knockout
decreased the expression of ICP27 (UL54) mRNA to levels similar
to those of many other HSV-1 mRNAs (Table 1). These contra-
dictions between the roles of p53 in gene expression may be due to
marked differences in experimental conditions. In support of this,
p53 activity has been reported to be regulated by multiple factors,
and therefore, the effects of p53 may vary in different cells and
tissue types and may be dependent on the expression of those
factors (29–32). Furthermore, the phenotypes of p53 knockout in
cell culture were investigated under relatively synchronized infec-
tion conditions at high multiplicities of infection (MOIs; 5 and 1)
and/or were observed only in a specific phase of infection (9). It is
possible that the phenotypes observed under such specific cell
culture conditions may be difficult to detect in the brains of in-
fected mice because the mode of infection observed in mice is very
different from that observed in cell culture, and the MOIs are
much lower.

Many host cell factors have been reported to regulate HSV-1

TABLE 2 Expression profiles of host factor mRNA in the brains of mice

Function and RefSeq accession no. Gene name

RPKM

Fold activationap53�/� mice p53�/� mice

Regulators of HSV-1 replication within the CNS
NM_001289591 Tmem173 12.0 10.4 1.2
NM_144888 Mavs 5.3 5.1 1.0
NM_174989 Ticam1 4.5 3.9 1.1
NM_175160 Zdhhc1 10.0 10.7 0.9
NM_008361 Il1b 5.2 3.4 1.5
NM_010508 Ifnar1 10.7 9.5 1.1
NM_015783 Isg15 291.9 202.0 1.4
NM_001205314 Stat1 139.1 123.1 1.1
NM_019449 Unc93b1 35.7 32.9 1.1
NM_010851 Myd88 27.2 17.3 1.6
NM_008337 Ifn� 7.6 3.5 2.2
NM_175547 Nlrc3 0.5 0.5 1.1
NM_011905 Tlr2 18.6 12.6 1.5
NM_013693 Tnf 4.2 2.2 1.9
NM_009910 Cxcr3 1.2 1.5 0.8

p53-dependent immunological response genes
NM_008394 Irf9 44.4 41.1 1.1
NM_016850 Irf7 190.8 143.5 1.3
NR_003520 Mx1 30.3 16.5 1.8
NM_172689 Ddx58 28.7 22.2 1.3

Pro- and anti-inflammatory cytokines
NM_010554 Il1a 5.8 4.0 1.4
NM_008361 Il1b 5.2 3.4 1.5
NM_031168 Il6 4.4 1.0 4.4
NM_010551 Il16 7.5 5.1 1.5
NM_008360 Il18 16.6 17.4 1.0
NM_010798 Mif 281.2 274.2 1.0
NM_010548 Il10 1.6 1.0 1.6
NM_011577 Tgfb1 14.0 12.5 1.1
NM_009367 Tgfb2 6.8 7.0 1.0

a Fold activation represents the fold increase in the level of activation in p53�/� mice compared with the level of activation in p53�/� mice.
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replication and/or pathogenicity in the CNS, as determined using
experiments performed in genetically modified mice (33–47). No-
tably, most of the host cell factors identified were regulators of
innate and/or acquired immunity (33–37, 39–47). For instance,
knockout of IPS-1, STING, TRIF, or ZDHHC impaired IFN-I
responses in the brain, thereby increasing viral replication (39, 42,
43). In addition, many other host cell regulators involved in im-
mune-related responses were shown to be protective against
HSV-1 infection in the brains of mice (34–36, 41, 44, 46, 47). On
the other hand, a recent report demonstrated that knockout of
NLRC3, a known negative regulator of innate immune signaling
induced by STING, augmented IFN-I responses, thereby decreas-
ing HSV-1 replication and pathogenicity in the brains of mice
(33). Therefore, we examined the effect of p53 knockout on the
expression of reported host cell regulators of HSV-1 replication in
the brains of mice using the RNA-seq data described above. As
shown in Table 2, p53 knockout had no obvious effect on the
expression of most of these host cell factors. However, the expres-
sion levels of gamma IFN (IFN-�) and tumor necrosis factor alpha
(TNF-�) mRNAs in p53�/� mice were nearly 2-fold higher than
those in p53�/� mice. These two host cell factors have previ-
ously been reported to be negative regulators of HSV-1 repli-
cation in the brains of mice (35, 44), casting doubt on the
hypothesis that alteration of the expression of IFN-� and
TNF-� mediated by p53 knockout in mice caused the decrease
in viral replication. These results suggest that p53 promotes
HSV-1 replication in the brains of infected mice independently
of these host cell factors. Moreover, based on the potential role
of p53 in immunological responses (5, 6), one could argue that
p53 is not required for efficient HSV-1 replication but just
triggers an immunological response(s) to cause massive in-
flammation of the brains of infected mice and their consequent
death. Although we cannot completely eliminate this possibil-
ity, it seems unlikely, on the basis of the observation that p53
knockout had no obvious effect on the expression of most of
the immunological response genes tested and previously re-
ported to be regulated by p53 (6) or the pro- and anti-inflam-
matory cytokines examined (with the exception of IL-6 and
TNF-�), as shown in Table 2. The expression level of IL-6 in
p53�/� mice was more than 4-fold than higher that in p53�/�

mice, and the expression level of TNF-� was nearly 2-fold
higher than that in p53�/� mice (Table 2). Since IL-6 and
TNF-� have previously been reported to be induced upon
HSV-1 infection in the brains of mice (35, 48), it is reasonable
that increased HSV-1 replication in the brains of mice results in
the induction of increased amounts of these cytokines. Thus,
although the host cell regulatory factors for HSV-1 infection in
the CNS are gradually being defined, information on the host
cell factors involved in promoting HSV-1 infection in the CNS
is limited. The information included in this study will therefore
make an important contribution to our understanding of the
pathogenesis of HSV and offer novel therapeutic targets.
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