was performed with 7 humanized NOG mice that were not
infected with EBV; 4 mice were given OKT3 antibody, and 3
were not. The result indicated that all mice in both groups
survived the observation period of 150 days, and no difference
could be seen between them, excluding the possibility that
OKTS3 has its own toxicity (Figure 1C). In accordance with this
result, quantification with real-time polymerase chain reaction
indicated that the level of EBV DNA in the peripheral blood
was consistently higher in the OKT3-treated mice than in con-
trol mice (Figure 1D). Because CD8" cytotoxic T cells are con-
sidered to play a central role in the immune response to EBV,
we next examined the effect of an antibody (B9.11) specific to
the CD8 molecule [14]. Figure 1E shows the survival curves of
EBV-infected humanized NOG mice that were either treated
with B9.11 or not, and the log-rank test indicated that those
mice treated with the antibody had a significantly reduced life
span after EBV infection (P <.05).

To test whether Tcells isolated from EBV-infected mice have
the ability to suppress transformation of autologous B cells by
EBV, we used the transformation regression assay. Mononuclear
cells isolated from the spleen of humanized NOG mice were
inoculated with EBV and were cocultured with CD8" T cells
isolated from the spleen of either EBV-infected or uninfected
mice. Table 1 shows the number of CD8" T cells required to
inhibit the outgrowth of EBV-infected cells in 50% of the wells
(50% regression dose). These data indicate that CD8" T cells
isolated from EBV-infected mice, but not those from uninfect-
ed mice, could suppress the outgrowth of transformed lympho-
blastoid cell line.

Discussion. Humanized mouse technology has been suc-
cessfully used to reproduce human immune responses to cer-
tain viruses that cannot infect ordinary mice [6-8, 10]. How-
ever, these studies have yet to provide evidence that immune
responses induced in these mice are actually involved in the
control of viral infections. This was an important issue when
we considered the possibility of using humanized mice as a
tool to evaluate immunological therapies and prophylaxes to
viral infections.

Humanized NOG mice in later stages of reconstitution that
contained high numbers of T cells had significantly longer life
spans after EBV infection, compared with those in earlier stages
that lacked significant differentiation of T cells. In accordance
with this result, treatment of EBV-infected humanized NOG
mice with OKT3, which can deplete CD3" T cells, significantly
reduced their life span. Furthermore, similar antibody-medi-
ated reduction in the number of CD8* T cells also reduced the
life span of infected humanized NOG mice. Thus, our results
strongly suggest that human T cells that develop in humanized
NOG mice contribute to their resistance to EBV infection.
More-direct evidence of immunological control of EBV infec-

tion was obtained by the transformation regression assay, which
has been used as one of the most reliable methods to quantify
EBV-specific cytotoxic T cells. This assay clearly indicated that
CD8* T cells isolated from EBV-infected mice can suppress
EBV-induced transformation of autologous B cells. A study is
underway to identify an epitope that can be recognized by a
CD8" T cell clone.

To our knowledge, these results are the first evidence that
immune responses induced in humanized mice are actually
involved in an effective control of viral infection. It is thus
suggested that the NOG mouse model of EBV infection is a
useful tool to evaluate candidate vaccines and immunological
therapies for EBV infection.

After the initial submission of this report, Strowig and others
published a work containing similar findings, namely higher
EBV load and lymphoproliferative disorder in humanized mice
after T cell depletion [15].
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Fatal degeneration of specialized cardiac muscle associated with
chronic active Epstein—Barr virus infection
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Chronic active Epstein—Barr virus infection (CAEBV) is a life-
threatening disorder characterized by prolonged fever, wasting,
hepatosplenomegaly, and cytopenia, in addition to abnormal
EBYV antibody titers and the presence of EBV antigens or EBV-
DNA in tissue.! The ultimate prognosis of CAEBV is very poor,
and patients with CAEBV often develop a progressive cellular
and humoral immunodeficiency with pancytopenia and hypoglo-
bulinemia that renders them susceptible to opportunistic infec-
tions or B- or T-cell lymphoproliferative disease.” An effective
treatment for CAEBYV has yet to be established, although alloge-
neic hematopoietic stem cell transplantation (HSCT) was
recently reported to be effective in eradicating EBV-infected
lymphocytes.** Allogeneic HSCT is, however, accompanied by a
considerable risk of therapy-related death. Kimura ef al. reported
that approximately one-half of patients with CAEBV who under-
went HSCT died within 60 days.’

We here report a patient with CAEBV who developed fatal
acute circulatory failure during the preconditioning of HSCT, and
in whom autopsy showed degeneration of specialized cardiac
muscle and severe large-vessel arteritis associated with CAEBV.

Case report

A 12-year-old boy was admitted to a regional hospital with a 2
year history of fever, wasting, and a short stature (3.0 SD). He
was diagnosed with CAEBV on clinical signs and the presence of
EBYV genome in peripheral blood, and was admitted to hospital in
April 2005. He was allergic to mosquito bites. On examination,
lymph node adenopathy was noted. No skin lesion was observed.
On brain CT, bilateral calcification of the basal ganglia was
noted. Echocardiography showed dilatation of the lumens of
the coronary arteries. The leukocyte count was 2.2 x 10°L;
hemoglobin, 12.5 g/dL; and platelet count, 61 x 10°/L. Biochemi-
cal analysis was as follows: aspartate aminotransferase, 28 TU/L;
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alanine aminotransferase, 14 IU/L; lactate dehydrogenase,
265 IU/L; C-reactive protein, 0.63 mg/dL; soluble interleukin-2
receptor, 1200 U/mL (normal, <519 U/mL.); viral capsid antigen
(VCA)-IgG, x320; EA-IgG, x10; EBNA, x10. Natural killer
activity was 55%. The quantity of EBV genome DNA was
increased (2.6 x 10° copies/ilg DNA) on polymerase chain reac-
tion in peripheral blood mononuclear cell (PBMC), particularly
in CD4+T cells (4.3 x 10* copies/jig DNA), but not in CD8+T
cells or CD56+NK cells. Southern blot of the peripheral blood
cells using an EBV terminal probe indicated monoclonal prolif-
eration of EBV-infected lymphocytes. Flow cytometry showed
the expression of the perforin protein in PBMC. Chromosome
analysis of peripheral blood showed the normal male karyotype.

The high load of EBV genome DNA had persisted for over 6
months. Therefore, HSCT from a human leukocyte antigen
(HLA)-matched sibling donor was planned in October 2005. Just
before bone marrow transplantation, the quantity of EBV-DNA
was consistently high in peripheral blood. No chemotherapy was
performed prior to bone marrow transplantation. Echocardio-
graphy showed normal cardiac function. The exercise electrocar-
diogram (ECG) identified no abnormal findings.

The preparative conditioning regimen consisted of fludarabine
(30 mg/m? x 4, day -7, —6, -5, ~4), anti-thymocyte globulin
(15 mg/kg X 5, day -7, -6, -5, —4, —3), and melphalan (70 mg/m?
X 2, day -3, —2). Because anti-thymocyte globulin had been
administered, he had suffered from high fever, skin rash, sys-
temic arthralgia, and abdominal pain. He had wine-colored urine,
but not microhematuria. He was diagnosed as having serum sick-
ness and disseminated intravascular coagulation syndrome, and
treated with gabexate mesilate, fresh frozen plasma, platelet
transfusions, and methylprednisolone. Therefore, subsequent
conditioning was all stopped on day —6 before transplantation.
Blood examination showed elevation of liver enzymes, creatinine
kinase, and coagulopathy. Fifty-two hours after the beginning of
conditioning for transplant (on day —5), he suddenly developed
acute circulatory failure. Just before cardiac arrest, echocardio-
gram showed normal cardiac function. Transient ventricular
fibrillation was observed during resuscitation, but he soon devel-
oped cardiac arrest. Cardiac pulmonary resuscitation was unsuc-
cessfully performed, and he died of sudden circulatory failure.
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Fig. 1 (a) Histopathology showed degeneration of specialized cardiac muscle (HE), and mesoarteritis characterized by moth-eaten-appearing
destruction of the medial elastic laminae, with (b) lymphocyte infiltration around the vasa vasorum and severe intimal thickening (EVG). (c)
In situ hybridization demonstrated the presence of EBV-RNA (EBER-1) in the nuclei of lymphocytes in lymph nodes and (d) degenerated
cardiac muscles.

At autopsy, histopathology showed not only EBV-associated
hemophagocytic syndrome, but also degeneration of specialized
cardiac muscle (Fig. 1a), mesoarteritis characterized by moth-
eaten-appearing destruction of the medial elastic laminae
(Fig. 1b), with CD4*T lymphocyte infiltration around the vasa
vasorum and severe intimal thickening. In situ hybridization
demonstrated the presence of EBV-RNA (EBER-1) in the nuclei
of lymphocytes in lymph nodes (Fig. 1c), around the vessels and
degenerated cardiac muscles (Fig. 1d). Hemorrhagic tendency
associated with disseminated intravascular coagulation syndrome
was also noted at autopsy, although fatal intracranial hemorrhage
and myocardial infarction were not documented. These findings
suggested that hemophagocytic syndrome and degeneration of
specialized cardiac muscles might have caused the fatal arrhyth-
mia, considered to be associated with the EBV infection.

Discussion

In the current case, coronary artery dilatations and large-vessel
arteritis were noted at autopsy. Arteritis has been reported in

patients with CAEBV.® Coronary arteries and large vessels are
often involved, and the presence of arteritis associated with
EBV infection led to poor prognoses in those reported
patients.>® The vulnerability of systemic vessels caused by
severe arteritis might be involved in the poor response to car-
diopulmonary resuscitation. In sifu hybridization showed that
EBV-infected Iymphocytes were associated with mesoarteritis,
characterized by moth-eaten-appearing destruction of the
medial elastic laminae and severe intimal thickening. Taken
together, a comparatively high load of EBV-DNA persisting
prior to transplantation might have been one of the factors pro-
moting arteritis in this patient.

To our knowledge this is the first case reported in the literature
in which the degeneration of specialized cardiac muscle was
documented at autopsy in a patient with CAEBV. Transient
ventricular fibrillation was also detected on ECG during cardiop-
ulmonary resuscitation. The degeneration of specialized cardiac
muscle might lead to fatal arrhythmia and acute circulatory
failure. In situ hybridization also showed that EBER-positive

© 2009 Japan Pediatric Society
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cells were scattered around cardiac muscle, suggesting that per-
sistent EBV infection was involved in the degeneration of spe-
cialized cardiac muscle, Atrioventricular block has also been
reported in EBV myocarditis.” These findings suggest that pro-
longed EBV infection could lead to the degeneration of special-
ized cardiac muscle over a long period.

Allogeneic HSCT has been reported to offer a good prognosis
for those with CAEBV.>® A national survey, however, performed
in Japan found a high risk of HSCT-related mortality.’ Recently,
successful treatment of CAEBV infection using reduced-
intensity stem cell transplantation (RIST) with fludarabine and
melphalan with or without anti-thymocyte globulin (ATG) has
been reported,'®"" which could control CAEBYV by reconstituting
host immunity against EBV. Regimen-related toxicity is expected
to be more effectively alleviated using a reduced intensity con-
ditioning regimen for transplantation than by conventional
myeloablative conditioning in those with an impaired residual
function of organs. In contrast, it is well known that the risk of
EBV-related complications after transplantation might increase
with the additional use of ATG in non-myeloablative condition-
ing.'? In the current case we adapted fludarabine-based, reduced-
intensity conditioning with ATG for transplantation, because it
was predicted that the residual cardiac function might be partly
impaired by coronary giant aneurysms. The additional use of
ATG, however, in fludarabine-based conditioning might have
been involved in the development of hemophagocytic syndrome
during preconditioning for transplantation, although it was uncer-
tain whether the serum sickness induced by the use of ATG was
associated with the degeneration of cardiac muscle. To answer
the many remaining questions, such as the best transplantation
method for CAEBY, the optimal timing of transplantation, and
the most effective conditioning regimen, a multicenter-based
clinical trial is needed.
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Congenital upper thoracic spondyloptosis with multiple other

associated anomalies
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Key words

Spondyloptosis indicates any slip greater than 100% of a verte-
bral body on another or an extreme degree of spondylolisthesis. It
is rare and there are isolated case reports in the literature.'? It
frequently involves the L5-S1 level. It is attributed to congenital
dysplasia of the articular process.?
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congenital abnormalities, diagnosis, scapula, spine, spondyloptosis.

Presented here is the case of an infant with severe spinal cord
compression related to T2-3 spondyloptosis and multisegmental
vertebral congenital anomaly. Multisystem anomalies such as
Sprengle deformity, situs inversus totalis, and right renal agenesis
were also demonstrated radiologically. To our knowledge this is
a unique case of thoracic spondyloptosis.

Case report

A 9-month-old male infant presented with a significant delay in
head holding. He was the result of the first pregnancy of young






