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Background: Postherpetic neuralgia is one of the major com-
plications of herpes zoster caused by the reactivation of vari-
cella-zoster virus and is characterized by severe pain. The au-
thors previously showed the association of a human major
histocompatibility complex (MHC) haplotype with postherpetic
neuralgia. This study was performed to experimentally confirm
the role of MHC haplotype in the development of postherpetic
pain using a mouse model of postherpetic pain, which corre-
sponds to postherpetic neuralgia.

Methods: BALB/c mice (MHC haplotype: H-2d), C57BL/6 mice
(MHC haplotype: H-2b), and BALB/b mice, a congenic BALB/c
strain with H-2b, were used. Herpes simplex virus type I was
transdermally inoculated on the hind paw. Unilaterally zoster-
iform skin lesion and pain-related responses (acute herpetic
pain) were caused, and some mice showed pain-related re-
sponses (postherpetic pain) after the cure of skin lesions. Her-
pes simplex virus type I antigen and CD3-positive cells were
immunostained in the dorsal root ganglion in the acute phase.

Results: The incidence (78%) of postherpetic pain in C57BL/6
mice was significantly higher than that (35%) in BALB/c mice (P
� 0.004, odds ratio � 6.7). Furthermore, the incidence of pos-
therpetic pain in BALB/b (H-2b) was similar to that in C57BL/6.
Herpes simplex virus type I antigen–positive cells were less in
the dorsal root ganglion of C57BL/6 mice than that of BALB/c
mice. CD3-positive T cells were more in the dorsal root ganglion
of C57BL/6 mice than BALB/c mice.

Conclusions: These results suggest that the MHC haplotype
(H-2b) is involved in the incidence of postherpetic pain, and
CD3-positive T cells may play a role in its pathogenesis.

VARICELLA-ZOSTER virus (VZV) belongs to the �-herpes
virus and causes chickenpox typically in childhood; the
virus establishes a lifelong latent infection of the sensory
ganglia.1–3 Herpes zoster is caused by the reactivation of
VZV in the sensory ganglia and is characterized by a belt
of vesicular eruptions on the body, which are generally
limited to the dermatome innervated by a single sensory

ganglion. It is generally accompanied by severe pain.4–8

Approximately 15% of herpes zoster patients have con-
stant or intermittent spontaneous pain more than 3–6
months after the vesicles disappear, and the pain is
difficult to control; this condition is termed postherpetic
neuralgia (PHN).9–11 Studies on mechanisms and genes
responsible for pain in humans have started recently.12

We have recently shown that a genetic factor, i.e., the
human major histocompatibility leukocyte antigen
(MHC) or human histocompatibility leukocyte antigen
(HLA), the HLA-A*3303-B*4403-DRB1*1302 haplo-
type, is involved in the incidence of PHN after herpes
zoster.13,14 Furthermore, the haplotype does not affect
the onset of herpes zoster without PHN.14

Varicella-zoster virus causes herpes zoster only in hu-
mans.15 In contrast, a transdermal inoculation of mice
with herpes simplex virus type I (HSV-I, human herpes-
virus 1), which also belongs to the �-herpes virus, pro-
duces zoster-like skin lesions; vesicles erupt generally on
the back of the trunk after its proliferation in the sensory
ganglia and then spread throughout the inoculated der-
matome.16,17 Mice with zoster-like skin lesions show
spontaneous pain-like behaviors, tactile allodynia, and
mechanical hyperalgesia.16–18 Some mice show pain-
related responses for a long time after the healing of
zoster-like skin lesions, and it is considered that the
development to postherpetic pain in mice corresponds
to PHN in humans.19

The aim of this study was to determine further mech-
anism in PHN incidence using a mouse model of pos-
therpetic pain. Therefore, we investigated the incidence
of postherpetic pain in BALB/c (MHC haplotype: H-2d)
and C57BL/6 (MHC haplotype: H-2b) mice, and then in a
congenic mouse strain, C.B10-H2d/LilMcdJ (BALB/b;
BALB/c strain with H-2b instead of H-2d), to elucidate
whether the MHC haplotype is involved in the incidence
of postherpetic pain as PHN in humans, which is asso-
ciated with the HLA haplotype.

Deficiency in MHC class II attenuates allodynia in-
duced by spinal nerve transection in mice, and the ex-
pression of MHC class II is increased in the spinal cord of
rats given spinal nerve transection.20 HSV-I inoculation
induces cyclooxygenase 2 in the dorsal root ganglion
(DRG) at an acute herpetic, but not postherpetic, pain
phase.21 Because cyclooxygenase 2 is induced by mito-
gens and cytokines, the finding raises the possibility that
neuroimmune activation is also involved in the acute
herpetic pain. Therefore, to assess the possibility that T
cells are involved in an acute herpetic pain and conse-
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quently postherpetic pain, we examined T cells infiltrat-
ing into the DRG at an acute herpetic pain phase.

Materials and Methods

Animals
Female BALB/c and C57BL/6 mice were obtained from

Japan SLC (Shizuoka, Japan); they weighed 18–20 g and
were 6 weeks old at the start of the experiment.
C57BL/10 mice22 and the congenic mice C.B10-H2b/
LilMcdJ (BALB/b) were obtained from Jackson Labora-
tory (Bar Harbor, ME); they weighed 20–22 g and were
7–8 weeks old at the start of the experiment. BALB/b
mice are a congenic strain identical to BALB/c (H-2d)
mice at all loci except for the H-2 locus, which was
derived from a C57BL/10 (H-2b) mouse. Six mice were
housed per cage under controlled temperature (22° �
1°C) and humidity (55 � 10%). The room was lighted
from 7:00 AM to 7:00 PM and during the behavioral test.
Food and water were freely available. HSV-I inoculation
and behavioral experiments were performed in the in-
fection room of Molecular Genetics Research Center,
University of Toyama (Toyama, Japan). Animal experi-
ments were conducted with the approval of the Animal
Care Committee at University of Toyama and according
to ethical standards for investigations of experimental
pain in animals.23

Virus Inoculation
The mice were inoculated with HSV-I as described

previously.16 In brief, 3 days after depilation, the shin
skin of the right hind paw (5 � 5 mm) was scarified
using 27-gauge needles, and a 5-�l suspension containing
1 � 106 plaque-forming units of HSV-I (7401H strain)
was applied to the scarified area. The contralateral hind
paw was not inoculated. HSV-I inoculation and behav-
ioral experiments were performed in the infection room
of the Molecular Genetics Research Center, University of
Toyama. Inoculated HSV-I infects primary afferents,
passes along sensory nerves, and is replicated in the
DRG. Then, HSV-I moves antidromically along primary
afferents to the skin, which results in an eruption in the
corresponding cutaneous dermatome.

At the stage of development of skin lesions (until the
9th day after the virus inoculation), they were scored as
follows: 0 � no lesions; 2 � one or two vesicles on the
back of the trunk; 4 � many vesicles on the back of the
trunk, the surrounding inoculated area, or both; 6 �
mild herpes zoster–like lesions; 8 � apparent zoster-like
lesions, paw inflammation, or both; 10 � severe zoster
like-lesions. At the stage of recovery from skin lesions
(from the 10th day after the virus inoculation), they were
scored as follows: 10 � severe herpes zoster–like le-
sions; 5 � presence of scabs flaking off from cutaneous
lesions; 0 � complete recovery from lesions.16,19

Drugs
The anti–herpes virus agent acyclovir (GlaxoSmithK-

line, Tokyo, Japan) was dissolved in water. It was admin-
istered orally to all mice at 10 mg/kg five times a day (at
9:00, 12:00, 15:00, 18:00, and 21:00) from 5 to 11 days
after virus inoculation; this medication inhibits motor
paralysis and death without effects on dermal rash and
acute pain-related responses.19

Behavioral Test
Pain-related responses, allodynia (pain resulting from

innocuous stimulation), and hyperalgesia (abnormally
increased pain induced by noxious stimulation) of the
hind paw were assessed using the von Frey method, as
described previously.16,19,24 After an acclimation period
of at least 15 min, von Frey filaments with a bending
force of 0.16 or 1.0 g were pressed perpendicularly
against the plantar skin and held for 3–5 s. The responses
to these stimuli were evaluated as follows: 0 � no re-
sponse; 1 � moving away from the von Frey filament; 2
� immediate flinching or licking of the hind paw. The
stimulation of the same intensity was applied six times to
each hind paw at intervals of 5 s, and pain-related score
was calculated as follows:

Pain-related score (%) � [(sum of scores)/12] � 100.

Assessment of Postherpetic Pain
Because normal mice showed almost no responses to a

von Frey filament of 0.16-g strength, mice that showed a
pain-related score of more than 25% (3 of 12 points)
were considered to have allodynia. When stimulated
with a von Frey filament of 1.0-g strength, normal mice
showed a pain-related score of less than 33% (4 of 12
points), and mice that showed a pain-related score of
more than 58% (7 of 12 points) were considered to have
hyperalgesia. Mice that showed allodynia and hyperalge-
sia on 30 days after inoculation were considered to have
postherpetic pain.

Immunohistochemical Analysis
We attempted to confirm whether HSV-I actually had

reached DRG and performed an immunohistochemical
analysis of T-cell infiltration into DRG on 6 days after
inoculation.

Three infected mice were killed during diethyl ether
anesthesia on 6 days after inoculation; noninoculated
mice were used as a control. The DRGs at L4 and L5
levels were isolated and frozen in a tissue-freezing me-
dium on dry ice and stored at �20°C until sectioning.
The samples were sectioned at 10 �m using a cryotome
(CM1800; Leica, Heidelberg, Germany), placed on gela-
tin-coated slide glasses, and stored at �20°C until use.25

Before staining, sections were allowed to equilibrate to
room temperature, fixed in cold ethanol for 10 min, and
rehydrated in phosphate-buffered saline (PBS). For HSV-I
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antigen staining, the ethanol-fixed sections were incu-
bated with a rabbit anti–HSV-I antibody (DakoCytoma-
tion, Copenhagen, Denmark) at 4°C overnight. After
being washed in PBS, the sections were reacted with a
Cy3-conjugated anti-rabbit immunoglobulin G antibody
(DakoCytomation) for 2 h at room temperature. HSV
immunoreactivity was observed under a laser micro-
scope (Nikon, Tokyo, Japan). For the staining of CD3-
positive cells, endogenous peroxide was depleted by
incubating sections for 30 min in 0.3% hydrogen perox-
ide in methanol. After being washed in PBS to reduce
nonspecific staining, the sections were incubated for 30
min at room temperature in a blocking solution, which
was 5% normal rabbit serum in PBS containing 0.3%
Triton X-100. The blocking solution was removed, and
then the sections were incubated overnight at 4°C with
the primary antibody, the goat polyclonal anti-mouse
CD3� antibody (1/1,000; Santa Cruz Biotechnology Inc.,
Santa Cruz, CA). The sections were washed in PBS and
further incubated with the biotinylated rabbit anti-goat
immunoglobulin G antibody (Vector Laboratories, Bur-
lingame, CA) for 2 h at room temperature. The sections
were washed in PBS and incubated with the avidin–
biotin–horseradish peroxidase complex (Vectastain ABC
Elite Kit; Vector Laboratories) for 2 h at room tempera-
ture. The sections were washed three times in PBS and
reacted with 3,3=-diaminobenzidine-nickel (DAB kit; Vec-
tor Laboratories). After a sufficient deposition was
achieved, the reactions were stopped by washing in
saline. Sections were counterstained with hematoxylin.
Immunoreactivities were observed under a light micro-
scope (Nikon).

Statistical Analyses
The means of data are presented together with SEMs.

Data on the pain-related score were analyzed by Mann–
Whitney rank sum test. Statistical differences in the in-
cidence of postherpetic pain and mortality between
mouse strains were analyzed using the chi-square test
and Fisher exact probability test, respectively. Statistical
differences in skin lesion score and body weight be-
tween mouse strains were analyzed using the Student t
test. The � level was set at 0.05.

Results

Comparison of Zosteriform Skin Lesions and Pain-
related Responses in Different Mouse Strains
The first series of experiments were performed to

confirm whether the incidence of postherpetic pain is
different between BALB/c (H-2d) and C57BL/6 (H-2b)
mice without differences in other symptoms. Zoster-like
skin lesions unilaterally developed on the HSV-I inocu-
lated side in all BALB/c and C57BL/6 mice as shown in
our previous studies.16–19 The skin lesions erupted on 6

days after inoculation, peaked approximately 8 days after
inoculation, and almost healed by 15 days after inocula-
tion. There were no skin lesions, paw inflammation, or
paralysis on the side contralateral to the side of virus
inoculation in any of the mice. There were no differ-
ences in weight at the beginning of the experiment and
the score of skin lesions between the two strains on 6
days after inoculation (table 1). They also showed no
differences in average weight or the score of skin lesions
during any phase of the experiment (data not shown).
Mortality is shown in table 1. Five of 25 BALB/c mice
(20%) and 1 of 24 C57BL/6 mice (4.2%) died, probably
because of encephalitis during the acute phase of HSV-I
infection, and the difference did not reach a significant
level.

We then analyzed differences in pain-related responses
between these two strains. Pain-related responses to von
Frey filaments of 1.0-g strength before inoculation did
not significantly differ between BALB/c and C57BL/6
mice (table 1). HSV-I inoculation induced pain-related
responses in both strains on 5 days after inoculation, and
these effect peaked on 7 days after inoculation (fig. 1).
The severities of allodynia (assessed as a response to a
von Frey filament of 0.16-g bending force) and hyperal-
gesia (assessed as a response to a von Frey filament of
1.0-g bending force) were similar between BALB/c and
C57BL/6 mice. Thirteen of 20 BALB/c mice (65%) and 5
of 23 C57BL/6 mice (21.7%) were relieved of allodynia
and hyperalgesia after skin lesions healed, but allodynia
and hyperalgesia persisted until at least 37 days after
inoculation in the remaining mice of either strain (fig. 1).
When the presence of postherpetic pain was assessed on
30 days after inoculation, 18 of 23 C57BL/6 mice (78.3%)
and 7 of 20 BALB/c mice (35%) had postherpetic pain
(table 1). There was a significant difference in the inci-
dence of postherpetic pain between these two strains
(P � 0.004, odds ratio � 6.7). There were no significant
differences in body weight on 37 days after inoculation
between mice with and without postherpetic pain; body
weights of C57BL/6 mice with and without postherpetic
pain were 20.3 � 0.3 g (n � 18) and 20.1 � 0.3 g (n �
5), respectively. Body weights of BALB/c mice with and

Table 1. Differences in Incidence of Postherpetic Pain
between BALB/c and C57BL/6 Mice

Strain BALB/c C57BL/6 P Value

Number of mice inoculated 25 24
Body weight,* g 18.6 � 0.2 17.9 � 0.2
Pain-related score,* % 25 � 7 29 � 6
Skin lesion score† 7.7 � 0.4 7.6 � 0.3
Mortality rate‡ (%) 5/25 (20.0) 1/24 (4.2) NS§
Incidence of postherpetic

pain‡ (%)
7/20 (35) 18/23 (78) � 0.01�

* Determined at inoculation; mean � SEM. † Determined six days after
inoculation; mean � SEM. ‡ Determined 30 days after inoculation. § Not
significant (Fisher exact probability test). � Chi-square test.
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without postherpetic pain were 20.6 � 0.7 g (n � 7) and
20.9 � 0.3 g (n � 13), respectively.

Association of an MHC Haplotype with Onset of
Postherpetic Pain
BALB/c and C57BL/6 mice have different H-2 genes.

Therefore, we investigated the incidence of postherpetic
pain using mice of a congenic strain, C.B10-H2b/LilMcdJ
(hereafter designated as BALB/b), which is identical to
BALB/c (H-2d) at all loci except for the H-2 region de-
rived from a C57BL/10 (H-2b) mouse, to determine
whether the susceptibility is controlled by H-2 gene
region. Although body weight was higher in BALB/b
mice than in other strains used, pain-related responses to
von Frey filament of 1.0-g strength before inoculation
and peaked skin lesion were similar among all strains
used (table 2). Mortality rates were also similar among all
strains used (table 2). The incidences of postherpetic

pain in BALB/c and C57BL/6 mice were reproduced
again (P � 0.025, odds ratio � 9.3). The incidence of
postherpetic pain in both C57BL/10 and BALB/b mice
was 75.0% (6 of 8), which was significantly different
from that (20%, 2 of 10) in BALB/c mice (P � 0.02, odds
ratio � 12.0).

HSV-I Proliferation and Infiltration of T Cells in
DRG
We attempted to confirm whether HSV-I actually had

reached DRG. In BALB/c mice, HSV-I inoculation pro-
duces noticeable HSV antigen-like immunoreactivities in
DRG on 5 days after inoculation but not on 3 days after
inoculation.17 The immunoreactivity was markedly de-
creased on 7 days after inoculation17 and disappeared at
a postherpetic pain phase (I. Takasaki, Ph.D., and M.
Sato-Takeda, M.D., Ph.D., unpublished observation, No-
vember 2002). These findings suggest that HSV-I actively

Fig. 1. Effects of herpetic inoculation on
pain-related responses to von Frey fila-
ment stimuli in BALB/c and C57BL/6
mice. BALB/c (A and B) and C57BL/6 (C
and D) mice were inoculated with herpes
simplex virus type I on the unilateral
shin. Pain-related responses of the inoc-
ulated (closed symbols) and contralateral
(open symbols) hind paws to von Frey
filaments of 0.16-g (A and C) or 1.0-g (B
and D) strength were assessed from 4 to
37 days after inoculation. Postherpetic
pain, criterion of which is described in
the text, was assessed 30 days after inoc-
ulation, and mice were classified into two
groups with (circles) or without (trian-
gles) postherpetic pain. The numbers of
BALB/c mice with and without posther-
petic pain were 7 and 13, respectively.
The numbers of C57BL/6 mice with and
without postherpetic pain were 18 and 5,
respectively. The data are presented as
mean � SEM. * P < 0.05 as compared with
the inoculated hind paw of mice without
postherpetic pain (Mann–Whitney rank
sum test).

Table 2. Differences in Incidence of Postherpetic Pain between Four Different Mouse Strains

Strain BALB/c C57BL/6 C57BL/10 BALB/b

MHC haplotype H-2d H-2b H-2b H-2b

Number of mice inoculated 12 11 9 9
Body weight,* g 18.6 � 0.2 18.3 � 0.2 18.1 � 0.4 22.5 � 0.4†
Pain-related score,* % 24 � 7 25 � 7 28 � 8 26 � 5
Skin lesion score‡ 7.7 � 0.4 7.5 � 0.4 7.3 � 0.7 7.8 � 0.8
Mortality rate§ (%) 2/12 (16.7) 1/11 (9.1) 1/9 (11.1) 1/9 (11.1)
Incidence of postherpetic pain� (%) 2/10 (20) 7/10 (70)� 6/8 (75)� 6/8 (75)�

* Determined at inoculation; mean � SEM. † P � 0.05 as compared with BALB/c (Student t test). ‡ Determined 6 days after inoculation; mean � SEM.
§ Determined 30 days after inoculation. � P � 0.05 as compared with BALB/c (chi-square test).

MHC � major histocompatibility complex.
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proliferates in the DRG around 5 days after inoculation.
In this study, we compared HSV-I proliferation in the
DRG of BALB/c and C57BL/6 mice on 6 days after inoc-
ulation. We counted HSV antigen–immunoreactive in-
fected neurons on 6 days after inoculation and found
that 28.1 � 1.4% neurons were immunoreactive in the
DRG of BALB/c mice, whereas 4.5 � 0.5% neurons were
immunoreactive in that of C57BL/6 mice (figs. 2A and B).
Therefore, the percentage of infected neurons in BALB/c
mice was much higher than that in C57BL/6 mice.

As mentioned previously, HSV-1 proliferates in the
DRG at an acute pain phase. At a postherpetic pain
phase, latency-associated transcript, but not HSV anti-
gen–like immunoreactivity, was observed in the DRG (I.
Takasaki, Ph.D., and M. Sato-Takeda, M.D., Ph.D., unpub-
lished observation, November 2002). In addition, cyclo-
oxygenase 2 is induced there at an acute herpetic, but
not postherpetic, pain phase.21 These findings suggest
the neuroimmune activation at an acute pain phase.
Therefore, we performed an immunohistochemical anal-
ysis of T-cell infiltration into DRG on 6 days after inocu-
lation, an acute phase. CD3 was immunostained to ex-
amine the difference in the infiltration of T cells between
BALB/c mice and C57BL/6 mice. Although there were no
CD3-positive T cells in the DRG of noninoculated mice,
many CD3-positive T cells were observed in the affected
DRG (figs. 3 A–D). The number of CD3-positive T cells
was markedly larger in C57BL/6 mice than in BALB/c
mice (figs. 3C and D). Similar results were obtained from
two other animals.

Discussion

In this study, we suggest the possibility that the inci-
dence of postherpetic pain is dependent on the MHC
haplotype (H-2b). The current results support the idea
that the HLA genes play an important role in the inci-
dence of PHN in humans; the excessive immune re-
sponse to VZV antigens presented by HLA-A*3303,

B*4403 and DRB1*1302 or the HLA haplotype is one of
the important risk factors for the incidence of PHN in
humans but not for the incidence of herpes zoster.13,14

These support the idea that the HLA genes play an
important role in the incidence of PHN in humans.
These findings, taken together, suggest the existence of
a common mechanism of pain development between
PHN in humans and postherpetic pain in mice.

In general, PHN is a neuropathic pain that is one of the
chronic pain diseases and is associated with infection or
inflammation rather than with nerve trauma.26,27 It has
been revealed recently that immune activation at DRG or
dorsal roots causes hyperalgesia and that the immune
system actively participates in creating and maintaining
neuropathic pain of diverse etiologies.27 It has been
reported that trafficking of leukocytes into the central
nervous system and MHC class II are associated with
mechanical allodynia in rats with L5 spinal nerve tran-
section, suggesting a role of central neuroinflammation
in persistent neuropathic pain.20,28,29 In this respect, it
has been revealed that PHN is not an exception, and
immune reaction induced by the MHC system may affect
its onset.

There are two possibilities regarding the association of
MHC haplotype with postherpetic pain. One is that in
mice possessing H-2b, the virus easily proliferates, and
the virus infection is more severe, which is a cause of
postherpetic pain. An alternative possibility is that pos-
therpetic pain results from an excessive immune re-
sponse to virus antigens that may be efficiently pre-
sented by H-2b. In this study, HSV-I proliferation in
C57BL/6 (H-2b) was less than that in BALB/c (H-2d) mice.
It is considered that C57BL/6 mice, which showed a

Fig. 2. Typical examples of distribution of herpes simplex virus
antigen–positive cells in the dorsal root ganglion after inocula-
tion. BALB/c (A) and C57BL/6 (B) mice were inoculated with
herpes simplex virus type I on the unilateral hind paw. Six days
later, immunostaining of the dorsal root ganglion (L5 level) on
the inoculated side for the herpes simplex virus antigen was
performed. Scale bar � 100 �m.

Fig. 3. Typical examples of the distribution of cells positive for
CD3 in the dorsal root ganglia after herpes simplex virus type I
inoculation. BALB/c and C57BL/6 mice were inoculated with
herpes simplex virus type I on the unilateral hind paw. Six days
later, CD3-positive T cells were immunostained in the dorsal
root ganglia at the L4 and L5 levels in uninfected mice (A and B)
and on the inoculated side (C and D). A and C show immuno-
staining of BALB/c mice, and B and D show that of C57BL/6
mice. Scale bar � 75 �m.
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high incidence of postherpetic pain, have an efficient
immune reaction against HSV-I, and an excessive im-
mune response to the virus antigens rather than an
inefficient immunoreaction might be the more likely
mechanism, as our previous study suggested.14 This idea
is supported by the results of T-cell staining in the DRG.
HSV-I inoculation induced marked CD3-positive T cells
in DRG innervating the inoculated region, although
there were no CD3-positive T cells in the DRG of noni-
noculated mice. CD3 antibody recognizes all mature T
cells. Therefore, the results suggest that HSV-I inocula-
tion causes the substantial infiltration of T cells in the
infected DRG. CD3-positive T cells were markedly
higher in C57BL/6 mice than in BALB/c mice. Therefore,
it is possible that marked infiltration of T cells is respon-
sible for higher incidence of postherpetic pain in
C57BL/6 mice than in BALB/c mice. There is a report on
a postmortem study of patients with PHN.30 Patients
with persistent pain showed dorsal horn atrophy, an
infiltration of lymphocytes and cells, and axon and my-
elin loss with fibrosis in the sensory ganglion; however,
this study did not mention the association between lym-
phocytes and PHN. Therefore, we first suggest an asso-
ciation of T-cell infiltration with the pathogenesis of
postherpetic pain.

We used a postherpetic pain mouse model infected by
HSV-I instead of VZV in this study. VZV infection to mice by
the same method has not been successful to date because
VZV is highly species specific, having a natural host range
restricted only to humans.1–3,31 On the other hand, HSV-I
has a low species specificity and can infect mice, rats,
guinea pigs, and rabbits as well as humans.32–35 Both HSV-I
and VZV belong to the �-herpes virus, and the genome
structure and the nucleotide sequence of HSV-I are similar
to those of VZV, suggesting that they are derived from a
common ancestor.36,37 After primary infection, both VZV
and HSV-I remain latent in DRG,38 and then some factors
reactivate the virus and produce clinical symptoms.39–42

Therefore, it is considered that HSV-I is adequate for a
mouse model of postherpetic pain, which currently corre-
sponds to PHN in humans. Both VZV and HSV have been
found to down-regulate MHC class I antigen expression,
allowing viral dissemination to skin sites of replication that
are required to achieve transmission.1

In summary, the current study demonstrated that the MHC
haplotype is associated with the susceptibility of postherpetic
pain in mice and supports the idea that the HLA genes in
human are responsible for the incidence of PHN. The infiltra-
tion of CD3-positive T cells in the DRG in the acute phase may
be involved in the development of postherpetic pain.
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