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replication through an S phase checkpoint to provide
time for repair. The ATM-dependent pathway plays an
important role in the S phase checkpoint response fol-
lowing ionizing radiation. Stronger S checkpoint activity
in irradiated Ku80-null cells is due to the higher ATM
kinase activity. Ku affects the ATM-dependent S phase
checkpoint following ionizing radiation (Zhou et al.,
2002). lonizing radiation exposure results in the upregu-
lation of Ku70 via a p53/ATM-dependent mechanism,
Increased oxidative stress has been reported in neu-
ronal tissues of ATM-deficient mice (Kamsler, Daily,
Hochman, Stern, & Shiloh, 2001). It is not clear whether
ATM itself 1s directly involved in sensing the increase in
ROS or whether oxidative stress in AT cells is associated
with unrepaired DSBs continuously present in the DNA.
Transfecting AT cells with the full-length ATM gene
assures cell death prevention, which may be assisted by
the activation of Ku in response to oxidative stress (Lee,
Kim, Morio, & Kim, 2006). ATM may be essential for
Ku activation in the process of repairing DNA damage
and preventing cell death.

2.4. ATM and Artemis

Artemis was originally identified as deficient in
human radiosensitive severe combined immunodefi-
ciency syndrome. Artemis exhibits an intrinsic single
strand-specific 5" to 3’ exonuclease activity and has
hairpin-opening endonuclease activity, which is induced
by phosphorylation by DNA-PK. Artemis has roles in
V(D)J recombination, NHEJ, and regulation of the DNA
damage-induced G2/M cell cycle checkpoint. Cells with
mutations in the Artemis gene and Artemis-deficient
cells exhibit radiosensitivity and defective V(D)J recom-
bination, implicating the Artemis function in NHEJ
(Wang et al., 2005). Since the NHE] reaction functions
as a genomic caretaker, particularly in the prevention of
translocations and telomere fusions, Artemis deficiency
may be related to carcinogenesis.

The bona fide phosphorylation sites and physiological
relevance of the phosphorylation are, however, still under
investigation. Three basic phosphorylation sites (S385,
§516/518) and 11 DNA-PK phosphorylation sites were
identified by proteomic analysis using matrix-assisted
laser desorption/ionization-time of flight mass spectrom-
etry (MALDI-TOF MS). There were nine other putative
DNA-PK/ATM phosphorylation sites identified. Most of
the phosphorylation sites are clustered in the C-terminus
region. It is now evident that Artemis is a downstream
component of the ATM signaling pathway; ATM is the
major kinase responsible for the modification of Artemis
(Poinsignon et al., 2004; Riballo et al., 2004; Zhang

et al., 2004). One of the target sites of ATM is S645
of Artemis, and its phosphorylation leads to hyper-
phosphorylation of Artemis. Artemis phosphorylation
by ATM is important in association with the M/R/N
complex and Cdkl-cyclin B activation, which in turn
controls G2/M checkpoint recovery. On the other hand,
phosphatase-treated mammalian Artemis still retains
endonuclease activity. Artemis molecule lacking the
C-terminal domain is sufficient to complement V(D)J
recombination in Artemis-null cells. How endonuclease
activity of Artemis and its association with the damaged
termini are controlled is still controversial. DNA-PK,
ATM, and other not-yet-identified kinase(s) could be
involved in the pathway leading to Artemis activation.

3. Cascades

As for DSBs, ATM phosphorylates key proteins in the
salvage pathways leading to DSB repair and activation
of cell cycle checkpoints (Fig. 1). DNA repair proteins
interact with other molecules to repair the damaged DNA
through NHEJ or homologous recombination (HR). For
instance, ATM phosphorylates key proteins (Ku70/80
and Artemis) to repair the damaged DNA by NHEJ. On
the other hand, ATM temporarily arrests the cell cycle
by phosphorylating CHK2, which in turn phosphorylates
p53, while the damage is being repaired. ATM repairs
the damaged DNA through HR by interacting with ATR
and the M/R/N complex. When the attempt to repair the
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Fig. 1. Cell responses to DNA damage. Upon the formation of DSBs,
ATM serves as a sensor for DNA damage and phosphorylates key pro-
teins in pathways leading to DSB repair or the activation of cell cycle
checkpoints. ATM phosphorylates key proteins (Ku70/80, Artemis) to
repair the damaged DNA. Additionally, ATM temporarily arrests the
cell cycle by phosphorylating CHK2, which in turn phosphorylates
P53, while the damage is being repaired. ATM repairs the damaged
DNA through HR by interacting with ATR and the M/R/N complex.
When the attempt to repair the damage fails, the cell undergoes apop-
tosis via the p53 pathway. Oxidative stress-induced cell death stems
from the nuclear loss of Ku70/80.
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Fig. 2. Targets for the ATM/DNA-PK phosphorylation and signaling network. DNA-PK, ATM, and ATR are recruited to the sites of DNA damage
through analogous mechanisms involving conserved interaction motifs observed in Ku80, NBS1, and ATRIP, respectively. Ku70/80 and Artemis
play critical roles in the repair of damaged DNA through NHEJ by interacting with XRCC4/Cernunnos/DNA ligase IV. Phosphorylation of Ku70/80
and Artemis by DNA-PK and ATM controls cell cycle arrest and the DNA repair function. ATM triggers the repair of damaged DNA through HR by
interacting with the M/R/N complex. ATM phosphorylates CHK2, which phosphorylates p53 to arrest the cell cycle, while damage is being repaired.
When the attempt to repair the damage fails, the cell undergoes apoptosis via the p53 pathway. Dotted lines: Ku70/80 also affects ATM-dependent

ATR activation. The stability of p53 is also tightly controlled by MDM2.

damage fails, the cell undergoes apoptosis via the p53
pathway. Oxidative stress-induced cell death stems from
the nuclear loss of Ku70/80 (Song et al., 2003).

As shown in Fig. 2, DNA repair is mediated by
DNA damage response molecules and involves three
members of the phosphoinositide-3-kinase-like fam-
ily (ATM, ATR, and DNA-PK). DNA-PK, ATM, and
ATR are recruited to the sites of DNA damage through
analogous mechanisms involving conserved interac-
tion motifs observed in Ku80, NBS1, and ATRIP,
respectively. The DNA-PK/Ku70/80 complex is required
for the NHEJ DNA repair pathway. Artemis plays
a role in processing the DNA ends prior to liga-
tion. XRCC4/Cernunnos/DNA ligase IV is recruited
to the DNA-PK/Ku complex, which is required for
end joining. ATM plays a role in DNA DSB repair
in concert with the M/R/N complex. DNA-PK and
ATM share several substrates as phosphorylation targets,
including Artemis, p53, and histone H2AX. Inter-
plays among Ku70/80, Artemis, DNA-PK, and ATM
are involved in DNA damage responses. Ku70/80 also
affects ATM-dependent ATR activation. Degradation of
key signaling molecules (p53, Ku70/80, and Artemis) is
one of the mechanisms determining cell fate. Oxidative
stress-induced degradation of Ku70/80 is mediated by

caspase-3 (Song et al., 2003). Activity of p53 is reg-
ulated by the ubiquitin-proteasome system, which is
the major non-lysosymal system for degrading proteins
in the cell (Thompson et al., 2007). It is still unclear
whether Ku70/80 and Artemis are similarly regulated
by proteasome-dependent degradation or other protease
systems. Degradation of Ku70/80 leads to upregulation
of p53, resulting in apoptosis. The stability of p53 is also
tightly controlled by mouse double minute 2 (MDM2)
(Fig. 2).

4. Associated pathologies and therapeutic
implications

Nuclear loss of Ku70/80 and DNA damage linked
to oxidative stress in pancreatic acinar cells has been
suggested as pathophysiologic mechanisms of pan-
creatitis (Song et al, 2003). DNA-PK deficiency in
cultured neurons causes an accumulation of DNA dam-
age and increased susceptibility to apoptosis (Chechlacz,
Vemuri, & Naegele, 2001). Diminished DNA DSB repair
by NHEJ causes a progressive loss of haematopoietic
stem cells and bone marrow cellularity during aging
(Nijnik et al.,, 2007). Therefore, the loss of function
of Ku proteins and DNA-PK activity might be one of
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the important pathological mechanisms in apoptotic cell
death related to pancreatic inflammation, neurological
disorders, and aging. Since ATM is essential for nuclear
Ku activation, maintenance of Ku70/80 and DNA-PK
together with ATM may prevent DNA damage in various
diseases and inflammation. Artemis serves as a tumor
suppressor and patients with hypomorphic mutations
in Artemis have a predisposition to develop lymphoma
(Moshous etal., 2003). Phosphorylation and degradation
of Artemis may be a key step in controlling cellular apop-
tosis and carcinogenesis. The formation of carcinogenic
translocations requires the illegitimate joining of chro-
mosomes containing DSBs. The molecules presented in
this review are critical in DNA repair, and their defec-
tive function, improper localization, and loss may lead
to unrepaired DNA DSBs and to the malignant trans-
formation of cells when they escape apoptosis. The
manipulation of these DNA damage response molecules
could lead to anti-inflammatory agents and anti-cancer
agents.
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Abstract Allogeneic hematopoietic stem-cell transplan-
tation (HSCT) for chronic granulomatous disease (CGD)
with a reduced-intensity conditioning regimen can be
expected to lead to less therapy-related mortality and late-
onset impairment, whereas it has also been reported to
increase the risk of unsustained mixed donor chimerism
and late rejection after transplantation. Herein, we report a
4-year-old boy with CGD who was successfully treated
with unrelated bone marrow transplantation with a
reduced-intensity conditioning regimen (RIC). Fludara-
bine-based RIC, 4 Gy of total body irradiation, 120 mg/kg
of cyclophosphamide, and 125 mg/m® of fludarabine, was
adopted for transplantation, followed with 8.9 x 10%kg
mononucleated donor cells infused without T-cell deple-
tion. Although hematopoietic engraftment was rapidly
obtained by day +17. he developed unstable donor
chimerism. After tacrolimus withdrawal, the patient showed
grade III acute grafi-versus-host disease (GVHD), and
subsequently reached full donor chimerism by day +61.
Twelve months post-transplant, the patient has remained
well with stable and durable engraftment, 100% donor
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chimerism, and normal superoxide production, without the
requirement of donor lymphocyte infusions (DLI).

Keywords Chronic granulomatous disease -
Unrelated bone marrow transplantation -
Reduced intensity conditioning

1 Introduction

Chronic granulomatous disease (CGD) is a primary
immunodeficiency caused by impaired phagocyte killing of
intracellular pathogens, characterized by recurrent, often
life-threatening bacterial and fungal infections and by
granuloma formation in vital organs. It results from
mutation in any one of four subunits of a nicotinamide
adenine dinucleotide phosphate oxidase of phagocytic cells
(gp917"%, p47P"* p677"°* and p22°"°*) [1]. Although the
prognosis of CGD has markedly improved due to prophy-
lactic treatment for infections, including the induction of
interferon-gamma therapy, annual mortality is still between
2 and 5% [2]. Allogeneic hematopoietic stem-cell trans-
plantation (HSCT) is an alternatuve to conventional
treatment for CGD, but a high transplantation-related
mortality rate [3] and high nsk of graft rejection have
lowered its therapeutic efficacy [4]. We here in report a
4-year-old boy with CGD who was successfully treated
with unrelated bone marrow transplantation with a fludar-
abine-based reduced-intensity conditioning regimen (RIC).

2 Case report

A d-year-old boy with CGD was admitted to our hospital in
August 2005. He had had recurrent bacterial and fungal
infections from early infancy, and CGD was diagnosed by
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reduced NADPH oxidase (0%), confirmed by gp917"®*
expression analysis when he was | year old. His elder brother
was also diagnosed with CGD, and died of fungal pneumonia
at the age of 10 years old. There was no HLA-identical HSCT
donor in his family. He received anti-infectious prophylaxis
consisting of itraconazole and sulfamethoxazole/trimetho-
prim. Diagnostic imaging at 3 years of age showed
intraperitonial granulation tissue formation and hyperplasia
of the intestinal tract, resulting from having intussusceptions
two times. Interferon gamma therapy had been given for
6 months before transplantation, but subsequently failed.
Thus, allogeneic bone marrow transplantation from an HLA-
matched volunteer donor was planned.

At 4 years of age, he received allogeneic bone marrow
transplantation from an HLA-matched unrelated donor in
March 2006. Donor and recipient HLA matching was con-
firmed by serotyping and molecular typing of the HLA class
T and IT loci, respectively. We used a RIC for transplantation
with total body irradiation at a dose of 2 Gy (days —8 and
—7) without use of the gonadal shield, cyclophosphamide at
a dose of 60 mg/kg (days —3 and —2) and fludarabine at a
dose of 25 mg/m? (days —6, —5, —4, —3 and —2), because
the patient had been chronically ill, showing intermittent
fever and moderate elevation of CRP values, which was
thought to be due to chronic enterocolitis. Repeated stool
and blood cultures were negative for bacteria and fungi. Just
before transplantation, laboratory findings included
increased C-reactive protein (2.39 mg/dl) and a normal
beta-p-glucan level. Latex agglutination test for serum
Aspergillus and serum Candida antigens were negative.

A cell dose of 8.9 x 10%kg mononucleated cells was
infused to the patient without T-cell depletion. GVHD
prophylaxis consisted of tacrolimus (0.03 mg/kg/day i.v.

Fig. 1 Clinical course after
unrelated bone marrow

continuous infusion from day —1) and short-term metho-
trexate (10 mg/m® i.v. on day +1, 7.5 mg/m® i.v. on days
+3 and +6). He was also nursed in a high-efficiency, par-
ticulate-air-filtered protected environment, and underwent
oral gut decontamination. He received Peumnocystis carinit
prophylaxis by sulfamethoxazole/trimethoprim, which was
interrupted after transplantation until neutrophil recovery
confirmed. Post-transplant regimen also included acyclovir,
ursodeoxycholic acid and intravenous immunoglobulin
therapy. Chimerism was studied via the analysis of infor-
mative microsatellite DNA  sequences. The oxidase-
positive neutrophils were detected by flow cytometry with
the use of a dihydrorhodamine oxidation assay.

During the conditioning therapy for transplantation,
prolonged fever rapidly resolved and C-reactive protein
values also decreased to within normal ranges. A total of
300 pg/m* of granulocyte-colony stimulating factor was
commenced on day +3 post-transplant. The patient engraf-
ted rapidly. He achieved an absolute neutrophil count of
0.5 x 10%1by day +17, Chimerism analysis revealed 62.5%
donor cell engraftment by day +21, and 39.3% donor cell
engraftment additively decreased by day +34, respectively.
To achieve complete chimerism, we stopped all immuno-
suppressants by day +39, because he had no GVHD
confirmed at that time. Subsequently, grade ITl acute GVHD
of his skin and gut were clinically confirmed on day +535.
followed by full converted donor chimerism and normal
superoxidase production by day +61. He was treated again
with tacrolimus and 2 mg/kg of prednisolone for GVHD,
and all GVHD symptoms disappeared by day +80. Reacti-
vation of his Cytomegalovirus antigenemia was detected on
day +65, and treated with ganciclovir with good response.
Flow cytometric analysis with the use of a dihidrorhodamine
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oxidation assay showed that oxidase-positive neutrophils
were detected as 100% of engrafted cells since then. Twelve
months post-transplant, the patient has remained well, with
stable and durable engraftment, 100% donor chimerism,
normal superoxide production, without donor lymphocyte
infusion (DLI) requirement (Fig. 1).

3 Discussion

Allogeneic HSCT is the curative therapy for CGD, especially
in patients with no inflammatory or infectious lesions at
ransplant with an excellent disease-free survival rate (DFS).
A survey of European Group for blood and marrow trans-
plantation (EBMT) has advocated myeloablative regimens,
mostly consisting of busulfan (16 mg/kg) and cyclophos-
phamide (200 mg/kg), and T-cell replete allografts from
HLA-matched related donors, which provided excellent
results in low-risk CGD patients (15 children and 1 adult)
with no overt infectious complications at transplant and a
DFS of 100% [3]. However, in the EBMT repont, inade-
quately high rates of severe acute GVHD and pulmonary
infectious complication with a transplant-related mortality
of 36% (4 of 11 patients) were also observed in advanced
CGD patients with active inflammation due to granulomatous
colitis or active infectious disease. Thus, transplant-related
mortality with standard myeloablative transplantation
regimens, especially in advanced CGD, has been a major
obstacle to the more widespread use of allogeneic HSCT,

Horwitz et al. recently reported promising results in the
treatment of 10 advanced CGD patients with the combi-
nation of a nonmyeloablative regimen consisting of
cyclophosphamide, fludarabine, and antithymocyte globu-
lin and the use of a T-cell depleted HLA-identical allograft
[5]. This US trial demonstrated that seven out of 10
patients were successfully cured of the disease, even
though two patients rejected their graft and DLI led to
GVHD in three patients, which was fatal in one case. There
are also several reports of successful outcomes for CDG
with fludarabine-based RIC [6-9], while most of them
consisted of transplant from HLA-matched related donors.
Furthermore, T-cell depletion could be a promising
approach to reduce the incidence of GVHD, while it could
be associated with an increased risk of infectious compli-
cations and graft rejection. Thus, RIC is associated with a
lower toxity from the conditioning agents and may be an
alternative option for CGD, while it still carries a signifi-
cant risk of graft rejection and GVHD, particularly if DLI
have to be used to ensure engraftment.

A national survey of HSCT for CGD in Japan has shown
fairly high survival rate (22 of 28), in which the survival rate
of HSCT from HLA-matched siblings were comparable to
that of HSCT from HLA-matched unrelated donors,

@ Springer

whereas that of cord blood transplantation were improperly
poor (2 of 4) [10]. Recently, nonmyeloablative conditioning
regimens, mostly consisting cyclophosphamide and fludar-
abine, have been preferred, while the myeloablative
conditioning, consisted of busulfan and cyclophosphamide,
have been initially performed. However, inadequately high
rates of development of unsustained mixed chimerism with
the requirement of DLIs were also demonstrated in the
patients with RIC by cyclophosphamide and fludarabine. In
current case, we adapted fludarabine-based RIC without T-
cell deletion for transplantation, because it is not allowed to
manipulate unrelated donor allografts for DLIs, and also
increased the total body irradiation dose to 4 Gy to ensure
engraftment. Taken together, although standard regimens
for transplantation of advanced CGD have not been estab-
lished, our present case encourages the consideration of
unrelated HSCT with fludarabine-based RIC for patients
with CGD, even if they have infectious complications and
no suitable related donors.
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ABSTRACT

Aim: To investigative whether clinical manifestations of
anterior uveitis are associated with the viral load of
varicella zoster virus (VZV) in the aqueous humor in
patients with herpes zoster ophthalmicus (HZ0) and
zoster sine herpste (ZSH)

Methods: After informed consent was given, an aliquot
of aqueous humor was collected from patients with VZV
anterior uveitis (n = 8). Genomic DNA of the human
herpes viruses was measured in the aqueous humor by
two PCR assays: a qualitative multiplex PCR and a
quantitative real-time PCR.

Results: All patients had unilateral acute anterior uveitis
with high intraocular pressure, mutton fat keratic
precipitates with some pigmentation, and trabecular
meshwork pigmentation. Multiplex PCR demonstrated
V2V genomic DNA in all of the samples, but not in other
human herpes virus samples (human simplex virus types
1 and 2, Epstein—Barr virus, cytomegalovirus and human
herpes virus types 6, 7 and B). Real-time PCR revealed a
high copy number of VZV DNA in the aqueous humor.
After the initial onset of antenior uveitis, iris atrophy and
distorted pupil with paralytic mydnasis developed. The
intensity of ins atrophy and pupil distortion, but not ocular
hypertension, comelated with the viral load of VZV in the
aqueous humor.

Conclusion: VZV viral load in the aqueous humor
correlated significantly with damage to the iris (iris
atrophy and pupil distortion) in patients with HZ0 and
ZS8H

Varicella zoster virus (VZV) affects the first branch
of the trigeminal nerve and is known to cause
unilateral anterior uveitis (VZV anterior uveitis)
characterised by mutton-fat keratic precipitates
(KPs), trabecular meshwork pigmentation, ocular
hypertension, iris atrophy and distorted pupil.
Systemic signs in VZV iridocyclitis can be herpes
zoster ophthalmicus (HZO) with skin eruptions or
zoster sine herpete (ZSH) without skin eruptions
but solely with neuralgia. Using PCR, previous
studies have revealed genomic DNA of VZV in the
aqueous humor in patients with anterior uveitis
with HZO and ZSH.'? Recent advances in
molecular biology now make it possible for
quantitative measurement of the viral load using
real-time PCR. Therefore, this study aimed to
quantitatively measure the viral load of VZV in the
aqueous humor and analyse the correlation
between viral load in the aqueous humor and
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clinical manifestations of VZV anterior uveitis in
patients with HZO and ZSH.

MATERIALS AND METHODS
Subjects

The subjects were eight patients (three men and
five women; age range 43-71 years (mean 61))
with diagnosed VZV anterior uveitis at Tokyo
Medical and Dental University Hospital and
Miyata Hospital between December 1999 and
September 2007. The clinical diagnosis of VZV
anterior uveitis was based on observation of
anterior uveitis associated with either HZO or
ZSH. After informed consent had been obtained,
an aliquot of agueous humor (0.1-0.2 ml) was
obtained from each patient. The research followed
the tenets of the Declaration of Helsinki, and the
study was approved by the institutional ethics
committees of Tokyo Medical and Dental
University.

PCR assay

The aqueous humor samples were centrifuged at
3000 rpm for 5 min and used for the following PCR
assays: multiplex PCR and real-time PCR®
Multiplex PCR was designed to qualitatively
measure the genomic DNA of eight human herpes
viruses: herpes simplex virus type 1 (HSV-1) and
type 2 (HSV-2), VZV, Epstein-Barr virus (EBV),
cytomegalovirus (CMV), human herpes virus type
6 (HHV-6), type 7 (HHV-7) and type & (HHV-8).
DNA was extracted from the aqueous humor
samples using a DNA minikit (Qiagen, Valencia,
CA, USA). Multiplex PCR was performed using
LightCycler (Roche, Basle, Switzerland). The pri-
mer sequences and PCR conditions for VZV were
as previously described.*

Real-time PCR was performed only for HHV,
the genomic DNA of which was detected by
multiplex PCR. It was performed by using
Amplitag Gold and a Real-Time PCR 7300 system
(ABl, Forster City, CA, USA). The primer
sequences for VZV (ORF29) used in real-time
PCR were designed to use Primer Express (ABI):
forward, AACTTTTACATCCAGCCTGGCG;
reverse, CAAAACCCAAACCGTTCTCGAG. The
probe was FAM-TGTCTT TCACGGAGGCAAAC-
ACGT-TAMRA. The following PCR conditions
were used: denaturation at 95°C for 10 min, 95°C
for 15 s, and 60°C for 60 s for 40 cycles.
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Table 1 Clinical findings at initial presentation in patients with varicella zoster virus (VZV) anterior uveitis
Initial ocular findings Pig . Time from H_u'!ns virus DNA
Age loP Mutton- Cells Flars in the AC onset to
Case lyears) Sex Eye VA (mm Hg) fat KPs in AC  in AC  angle Eruption treatment Vv Others*
1 &7 F Left 0.3 38 - 3+ mn Wide 2 months . -
2 10 F Left 0.3 22 + 3+ 106 Partial + 2 weeks + -
3 68 F Right 0.8 10 - 2+ 34 None - 2 months + -
4 56 M Left 12 46 - 3+ 4 Partial - 2 months + -
5 70 F Loft 1.2 25 1+ 13 Partial = 2 months + =
6 a3 M Right 086 45 - 3+ 140 Partial + 1 week + -
7 43 F Left 1.2 28 - 2+ 15 Partial - 1 manth + -
8 n M Right 0.3 28 - 24 13 MNone Nona + -

Agueous humor samples from eight cases were analysed for human herpes virus DNA by muitiplex PCR
*Herpes viruses excluding V2V, ie, herpes simplex virus type | and type 2, Epstein-Barr virus, cytomegalovirus, human herpes virus types 6, 7 and 8
VA, visual acuity; 0P, intraocular pressure; KPs, keratic pracipitates; AC, anterior chamber

Statistical analysis
Statistical analysis was performed using the Mann-Whitney U
test. Statistical significance was set at p<0.05

RESULTS

Clinical manifestations

In four of the patients, there was an episode of skin eruption
with neuralgia in the area of the first branch of the trigeminal
nerve; this was clinically diagnosed as HZO (table 1). No skin
eruptions were observed in the other patients, although they
complained of pain near the first branch of the trigeminal nerve,
leading to the diagnosis of ZSH. At various intervals after the
onset of HZO or ZSH, the patients developed unilateral anterior
uveitis. All patients had cells and flare in the anterior chamber,
with increased flare values measured by a laser flare meter
(Cowa, Tokyo, Japan). Four patients exhibited mutton-fat KPs
(table 1), which had brownish pigmentation and were small or
medium in size, Three patients with HZO already exhibited iris
atrophy and pupil distortion on referral High intraocular
pressure ([OP) was recorded in all patients except in case 3
(table 1). A gonioscopic examination revealed wide, open angles
in all patients, and higher pigmentation in the affected eye than
the other eye in six of the eight patients. Ophthalmoscopic
examinations revealed no significant inflammatory lesions in
the retina and choroid. These clinical results led us to a
diagnosis of anterior uveitis associated with HZO or ZSH, with

1.2x107 (case 1) 1.2x10%(case 2) 1.0x10° case 3)

9.8x10° [case 4)

paracentesis subsequently performed in order to carry out the
PCR analysis

After confirmation of the presence of VZV in the aqueous
humor by multiplex PCR, systemic anti-VZV agents (aciclovir
or valaciclovir) and aciclovir ointment were administered for at
least 4 weeks together with a rtopical corticosteroid (eg,
betamethasone) and anti-glaucoma agents (eg, timolol and
latanoprost). Iris atrophy and pupil distortion developed during
the clinical course (fig 1, table 2). The anterior uveitis and high
IOP responded well to treatment.

PCR analysis of the agueous humor
Qualitative PCR (multiplex PCR) detected genomic DNA of
VZV but not of other human herpes viruses (HSV-1, HSV-2,
EBV, CMV, HHV-6, HHV-7 and HHV-8) in the aqueous humor
of all eight patients (table 1). In peripheral blood samples,
however, no genomic DNA of any of the eight human herpes
viruses, including VZV, was detected in any of the patients.
Quantitative PCR (real-time PCR) detected significant viral
loads of VZV DNA in the aqueous humor of the eight patients
ranging from 3.8x10° to 1.2 x107 copies/ml (table 2). It is of note
that the VZV viral load in the aqueous humor correlated with
the intensity of iris atrophy and pupil distortion (table 2, fig 1)
Patient 1 had the highest VZV viral load (1.2x10° copies/ml) in
the aqueous humor and also had the most severe iris atrophy,
with multiple wide areas of segmental iris atrophy and a widely
dilated pupil (fig 1A, table 2). Patients 2-5 had the second

2.2x10% (case 7)

9.8x10% (case 5)  1.3x10° (case B)

VZV genomic DNA in aqueous humour (copies/ml)

Figure 1

Iris photographs for patients with varicella zoster virus (VZV) anterior uveitis. Slit-lamp photographs are available for seven cases as shown.

The numbers indicate the copies of the VZV genomic DNA for each of the aqueous humor samples (copies/ml). Arrows point to areas of ins atrophy

Consent has been obtained for publication of this figure.
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Table 2 Virological analysis and ocular findings after treatment of patients with varicella zoster virus (VZV) anterior uvsitis

Final ocular findings

0P Cells
(mm Hg) inAC  in AC

VZV DNA Flare

(copies/ml) Iris atrophy

VA

Extemt
of iris
atrophy

(%)

Maximum

pupil
diameter

(mm)

Systemic

treatment

Wide
Segmaental
Segmantal
Segmental
Segmental
Cirgular
Circular
Nane

mm 10 13
09 14 ]
08 1 ]
09 10 1
§.8x10° 08 20 Frd
1.3=10° 15 13 [
22«0 2 16 3
38x10' 12 Az 9

1.2x10°
1.2x10"
1.0x10*
9810

Case
1
2
3
4
5
6
T
8

40
4
1§
20
29
1
1
0

ACV, ACZ
VCV, ACZ
vev
vov
vov
ACV 6
vov 13
ACV, ACZ 4

8.1
34
50
18
10
28
43
28

12

The copy number of tha VZV genome in agueous humor was evaluated with real-time PCR. The extent of iris atrophy was calculated using Photoshop Elements V2.0.

ACV, sciclovir, ACZ, acetazolamide; mm, motus manus; VCV, velaciciovir.

highest viral loads in the aqueous humor (~1x10° copies/ml),
and these patients developed multiple segmental or circular iris
atrophy with moderate pupil distortion, although these signs
were not as marked as in patient 1 (fig 1B-E, table 2). Patients 6
and 7 had the third highest viral load (10°~10° copies/ml) and
exhibited circular ins atrophy with minimum pupil distortion
(fig 1F,G). Patient 8 had the lowest viral load. This patient
exhibited no iris atrophy and the pupil remained normal
throughout the clinical course.

We next examined whether higher viral load in the aqueous
humor was significantly associated with the intensity of the iris
atrophy and pupil distortion. For this analysis, we separated the
patients into two groups: higher viral load (patients 1-5) and
lower viral load (patients 6-8). The extent of inis atrophy was
significantly (p<0.05) larger in the group with higher viral load.
In addition, the maximum pupil diameter in the pupil distortion
was significantly (p<0.03) larger in the group with higher viral
load. These results suggest that higher viral load in the aqueous
humor is closely associated with the intensity of the iris atrophy
and pupil distortion.

DISCUSSION
Human herpes viruses are known to be involved in many ocular
pathological conditions, such as keratitis, anterior uveitis and
necrotising retinitis. Early treatment with anti-viral agents,
based on a rapid and accurate diagnosis of the viral infection in
ocular tissues, is clinically important in order to avoid the
irreversible tissue damage and visual impairment caused by viral
infection. Recent advances in PCR methodology have made it
possible to screen for viral infection and further quantify the
intensity of the viral infection in ocular inflammatory diseases."
*** Asano et al* detected herpes virus DNA (VZV or HSV-2) in
three cases of acute retinal necrosis using real-time PCR. They
monitored viral load in ocular samples of these patients and
examined correlations with disease activities of acute retinal
necrosis. In this study, we used multiplex PCR to screen for
HHYV infections (HHV1-8) and real-time PCR to quantify viral
load in the aqueous humor of patients with HZO or ZSH.
With multiplex PCR, genomic DNA of VZV was detected in
the aqueous humor of all eight patients with HZO and ZSH,
and significant VZV viral loads were quantified in the same
samples with real-time PCR. After cutaneous lesions or
neuralgia, all eight patients with HZO or ZSH developed
anterior uveitis, which was characterised by unilateral acute
anterior uveitis with high IOP, mutton-fat KPs, trabecular
meshwork pigmentation, iris atrophy and pupil distortion,
although there were no significant pathological lesions in the
comea or ocular fundus of any of the patients. It is well
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established that these ocular signs are typical of HZO. The
present multiplex PCR data clearly confirm that VZV, but not
the other human herpes viruses, 1s responsible for the anterior
uveitis. Furthermore, an important finding in our study was
that the extent of iris atrophy and pupil distortion also
correlated with the viral load of VZV in the aqueous humor
in patients with HZO and ZSH. Unlike iris atrophy, IOP did not
correlate with the viral load in the aqueous humor. All but one
of the patients had raised IOP ranging from 22 to 46 mm Hg at
the onset of anterior uveitis.

This study did not reveal any pathological mechanisms for
the correlation of the high VZV viral load with the iris atrophy.
However, a previous immunohistological report detected VZV
antigens in the stroma and vascular endothelial cells of the iris
in anterior uveitis patients with HZO.” Another study that used
angiography in a patient with HZO showed that there was
occlusion of the blood vessels of the atrophic iris.™® On the basis
of previous studies and our present data, we hypothesise that
the pathological changes caused by VZV may induce ccclusion
of the iris vessel leading to iris muscle paralysis, with a net result
of iris atrophy and pupil distortion. The higher the viral load in
the anterior chamber, the more VZVs there will be in the ins,
and thus the more intense the pathological tissue damage.

Early initiation of systemic anti-viral agents, as guided by
PCR analysis, would help to avoid, or at least minimise, tissue
damage in the iris. Some patients with HZO were only given 1-
week systemic anti-viral treatments after the onset of the skin
lesions. In these patients, the viral loads of VZV in the aqueous
humor were high, and various degrees of iris atrophy and
distorted pupil were seén over time. These observations suggest
that systemic anti-viral treatments after the onset of HZO are
helpful in avoiding or minimising irreversible ocular complica-
tions and that qualitative and quantitative PCR can also provide
useful information for developing treatments for such patients.
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