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with minimal adverse effects; confirmatory results from fur-
ther prospective studies are needed before optimal strategies
for transplantation in PID patients can be fully determined.
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Evaluation of Risk Factors for Invasive Fungal Infection
After Allogeneic Stem Cell Transplantation
in Pediatric Patients
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Summary: Invasive fungal infections (IFIs) are a significant
cause of morbidity and mortality after stem cell transplantation
(SCT). The incidence, outcome, and risk factors for IFI after
allogeneic SCT were analyzed in 149 pediatric patients treated at
Hokkaido University hospital from 1988 to 2006. The cumula-
tive incidence of IFI after allogeneic SCT was 8.1%; this
comprised cases of proven, probable, and possible IFI at rates of
0.7%, 4.0%, and 3.4%, respectively. Only 1 patient complicated
with IFI in the 100 days after SCT, excluding cases with
rejection. Antifungal drugs were effective in 3 of the 12 patients
with IFI, but the other 9 patients died because of IFI and relapse
of original diseases. Nonrelapse mortality was markedly higher
for patients with IFI than for those without IFI (60.0% vs.
20.0%, P = 0.0204). Univariate analysis showed that age at
transplant, chronic graft-versus-host disease (GVHD), and a
corticosteroid dose > 2mg/kg or 60 mg/d for 10 days or longer
were possible risk factors for IFI. Of these factors, chronic
GVHD was the only factor associated with IFI in a multivariate
analysis. Treatment of IFI is very difficult and, therefore,
prevention of this condition is important, especially upon
occurrence of chronic GVHD.

Key Words: invasive fungal infection, stem cell transplantation,
GVHD

(J Pediatr Hematol Oncol 2007;29:786-791)

Stem cell transplantation (SCT) is an effective ther-
apeutic procedure in patients with hematologic
disorders, malignant disorders, immunodeficiencies, and
metabolic disorders. Recent methodological improve-
ments in SCT have led to selection of this approach for
patients with a relatively poor general status; however,
invasive fungal infection (IFI) after SCT has been a
problem for several decades and IFI is now a significant
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cause of morbidity and mortality after SCT.! Diagnosis
of IFI is difficult and frequently the presence of fungal
infection is not discovered until autopsy.? Despite
advances in nonculture-based procedures, such as the
introduction of the galactomannan antigen enzyme-
linked immunosorbent assay and polymerase chain
reaction tests for fungal DNA, timely diagnosis of IFI
in SCT patients is still very difficult.>*

Aspergillus spp. are the most common causative
organism for IFI, with the incidence of invasive aspergil-
losis after SCT reported to be 6.3% to 15.1% in adult
patients.>® Reported risk factors for invasive aspergillosis
include neutropenia, transplantation without laminar air
flow equipment, transplantation from a matched unre-
lated donor, presence of graft-versus-host disease
(GVHD), use of corticosteroids, older age, and under-
lying diseases.>% The incidence of IFI among pediatric
patients undergoing SCT has been less well studied.
Several retrospective pediatric reviews have reported
incidence rates of documented IFI ranging from 6% to
13%, with overall mortality rates of 4% to 17%.7° Here,
we report the incidence, outcome, and risk factors for IFI
after SCT in pediatric patients treated at Hokkaido
University hospital between 1988 and 2006.

PATIENTS AND METHODS

Patients _

A total of 149 pediatric patients with different
hematologic malignancies, metabolic abnormalities, and
immunodeficiency received allogeneic SCT in our hospital
between February 1988 and August 2006 (Table 1). Of
these patients, 94 were boys and 55 were girls. Age of
patients at transplantation was 3 months to 21 years
(median: 8y). Forty-four patients had acute lymphoblas-
tic leukemia: 20 were in their first period of complete
remission (CR), 16 were in a second CR, and 8 were in a
third or later CR period. Twenty-nine patients had acute
myelogenous leukemia: 14 were in their first CR, 11 were
in their second CR, and 4 were in a third or later CR.
Seventy-six patients had other diseases: 25 with aplastic
anemia, 8 with myelodysplastic syndrome, 7 with
neuroblastoma, 6 with juvenile myelomonocytic leuke-
mia, 6 with non-Hodgkin lymphoma, 6 with chronic
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TABLE 1. Clinical Characteristics of 149 Pediatric Allogeneic
SCT Patients

Sex
Male 94
Female 55
Age 3mo-21y (median 8y)
Disease
Acute lymphoblastic leukemia 44
Acute myelogenous leukemia 29
Aplastic anemia 25
Myelodysplastic syndrome 8
Neuroblastoma 7
Juvenile myelomonocytic leukemia 6
Non-Hodgkin lymphoma 6
Chronic myelogenous leukemia 6
Wiskott Aldrich syndrome 5
Kostmann syndrome 3
Severe combined immunodeficiency 3
Hunter syndrome 1
Rhabdomyosarcoma 1
X linked hyper-IgM syndrome 1
Hurler-Scheie syndrome 1
Hurler syndrome 1
Chronic active Epstein-Barr virus infection 1
Natural killer/T leukemia 1
Origin of stem cell
BM 108
PB 1
CB 40
Donor
HLA-matched sibling . 58
HLA 1 locus mismatched sibling 3
HLA 3 loci mismatched sibling 1
HLA-matched or mismatched parents 10
HLA-matched unrelated donor 47
HLA 1 locus mismatched unrelated donor 28
HLA 2 loci mismatched unrelated donor 2
Conditioning regimen
BU contained ' 56
Melphalan contained 39
CY contained 101
ATG contained 40
TBI contained 77
GVHD prophylaxis
CsA+MTX 68
CsA 3
CsA +mPSL 36
Tacrolims + MTX 29
MTX 10
mPSL 1
Tacrolims+ mPSL I
None 1
Year at transplantation
1988-1990 S
1991-1995 18
1996-2000 51
2001-2006 75

ATG indicates antithymocyte globulin; BM, bone marrow; BU, busulfan; CB,
cord blood; CsA, cyclosporine; CY, cyclophosphamide; mPSL, methylpredniso-
lone; PB, peripheral blood; TBI, total body irradiation.

myelogenous leukemia, 5 with Wiskott-Aldrich syn-
drome, 3 with Kostmann syndrome, 3 with severe

combined immunodeficiency, and 1 each with Hunter.

syndrome, rhabdomyosarcoma, X-linked hyper-IgM
syndrome, Hurler-Scheie syndrome, Hurler syndrome,

© 2007 Lippincott Williams & Wilkins

chronic active Epstein-Barr virus infection, and natural
killer/T leukemia.

Treatment Protocols

The origin of the stem cells was as follows: 108
patients received bone marrow transplantation, 1 patient
underwent peripheral blood stem cell transplantation,
and 40 patients received cord blood stem cell transplanta-
tion. The transplantation donors were human leukocyte
antigen (HLA)-matched siblings in 58 cases, a single-locus
mismatched sibling in 3 cases, a 3-loci mismatched sibling
in 1 case, HLA-matched or mismatched parents in 10
cases, HLA-matched unrelated donors in 47 cases, HLA
single-locus mismatched unrelated donors in 28 cases,
and 2-loci mismatched unrelated donors in 2 cases. The
conditioning regimen contained busulfan for 56 patients,
melphalan for 39 patients, cyclophosphamide for 101
patients, and antithymocyte globulin for 40 patients.
In addition, total body irradiation was used as part of
the conditioning regimen for 77 patients. Prophylaxis for
GVHD was performed with cyclosporin A (CsA) and
short-term methotrexate (MTX) for 68 patients, with CsA
alone for 3 patients, with CsA and methyl prednisolone
for 36 patients, with tacrolimus and short-term MTX for
29 patients, with MTX alone for 10 patients, with methyl
prednisolone alone for 1 patient, and with tacrolimus and
methyl prednisolone for 1 patient. One patient recetved
no prophylactic therapy. Data were analyzed as of
April 1, 2007.

Definition of IFI

Value of C-reactive protein was measured with an
automated counter twice a week, at least. When fever
continued, despite administration of broad-spectrum
antibiotics, or high value of C-reactive protein was
detected for several times, x-rays of the chest and
computed tomography of chest and abdomen were
inspected. Moreover, B-p glucan and Aspergillus antigen
(galactomannan antigen) were inspected in those cases.
We identified patients who developed proven, probable,
or possible IFI at any point after SCT using standardized
definitions set forth by the European Organization for
Research and Treatment of Cancer and the National
Institute of Allergy and Infectious Diseases Mycoses
Study Group.'?

Infection Prophylaxis

Until neutrophil engraftment, which was defined as
an absolute neutrophil count of >0.5x10°L for 3
consecutive days, patients were housed in high-efficiency
particulate air-filtered isolation rooms and provided low
microbial diets. Patients routinely received acyclovir
(600 mg/m? p.o. 4 times daily) from day -7 to +35.
Anticytomegalovirus high-titered y-globulin was infused
weekly from day — 6 to +90, and intravenous granulo-
cyte colony-stimulating factor was administrated from
day +5 until neutrophil engraftment. Trimethoprim-
sulfamethoxazole was used before day 0 and after
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engraftment for prevention of Pneumocystis carinii
pneumonia.

From February 1988 to March 2005, oral ampho-
tericin B 100mg/kg/d was used from before the con-
ditioning regimen until the date of discharge (n = 125).
From April 2005 to August 2006, intravenous micafungin
1 mg/kg/d was newly introduced from the start of the
conditioning regimen until neutrophil recovery followed
with oral fluconazole 10mg/kg from after neutrophil
recovery until the date of discharge (n = 24).

Statistical Analysis

A t test or 2 test was used to compare patients who
did and did not develop IFI. Analysis of nonrelapse
mortality was performed using Kaplan-Meier method,
with differences compared by log-rank test. Stepwise
multivariate regression analysis was performed to explore
the independent effect of wvariables that showed a
significant effect in univariate analysis. Statistical analyses
were performed using Dr SPSS II for Windows (release
11.0.1J, SPSS, Japan, Inc).

RESULTS

Incidence and Timing of IFI

The cumulative incidence of IFI after SCT was
8.1% (12/149) (Table 2), and the 12 cases comprised 1 of
proven IFI (1/149: 0.7%), 6 of probable IFI (6/149:
4.0%), and 5 of possible IFI (5/149: 3.4%). IFI occurred
after relapse of the original disease in 3 patients, after
rejection of transplant in 3 patients, during treatment of
acute GVHD in 1 patient, and during treatment of
chronic GVHD in 5 patients. Only 1 patient (case 2) had a
history of previous IFI. Although he had multiple liver
lesions before SCT, liver lesion vanished and lung lesion
was evident after SCT. Excluding cases with rejection,
only 1 patient complicated with IFI during the 100 days
after SCT. The median time from the date of transplant
to onset of infection was 11 months for all patients with
IFT and 5 months after exclusion of patients who
underwent relapse. Of the 12 IFI patients, 10 had a
pulmonary-specific lesion (halo sign, air-crescent sign, or
cavity within an area of consolidation) and Aspergillus
antigen was detected from blood samples in 5 cases (cases
5,7, 8,9, and 10). In these 5 cases, only 1 patient was
diagnosed as proven IFI because Aspergillus hyphae were
detected in lung with autopsy (case 9). Aspergillus was
detected from sputum culture in 1 patient (case 10). One
of the 10 patients with pulmonary lesions also had a brain
abscess. The other 2 patients had liver-specific lesions
(bull’'s-eye lesions) and both were judged to have probable
IFT (cases 11 and 12). One of these 2 patients also had a
brain abscess (case 12). In 5 patients with possible IFI, all
patients were immunosuppressive state and 5 patients had
lung lesion. In these 5 patients, halo sign was detected
with all patients, and air-crescent sign was detected with 2
patients (cases 1 and 3). Biopsy was done with no patients
because of ill condition.
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Risk Factors for IFI

Risk factors for IFI after transplantation were
analyzed after exclusion of 3 IFI cases after relapse.
Univariate analysis showed that age at transplant,
chronic GVHD, and a corticosteroid dose of > 2mg/kg
or 60 mg/d for 10 days or longer were possible risk factors
for IFI (Table 3). In patients with IFI, the median age at
transplantation was significantly higher than that of
patients who did not develop IFI, and most patients with
IFI were over 10 years old. Of these factors, the presence
of chronic GVHD was the only factor associated with IFI
in a multivariate analysis (Table 4).

Outcome After IFl

The administration of antifungal drugs was as
follows: 9 patients used fluconazol, 6 patients used
amphotericin B, 6 patients used itraconazol, 6 patients
used micafungin, 2 patients used voriconazol, 2 patients
used miconazol, and 1 patient 5-fluorouracil. Antifungal
therapy was effective in only 3 patients with IFI after
transplantation. Two of these 3 patients are still alive, but
the other patient died after relapse of leukemia. Including
this patient, 3 patients who developed IFI died from
relapse of the original disease, and other 7 patients died
after developing IFI despite receiving antifungal treat-
ment. The nonrelapse mortality was markedly higher in
patients with IFI compared with those who did not
develop IFI (60.0% vs. 20.0%, P = 0.0204).

DISCUSSION
Our results show that the cumulative incidence of
proven, probable, or possible IFI in pediatric patients
undergoing allogeneic SCT was 8.1%, and the rate of
proven and probable IFI were 4.7%. Other recent studies
of IFI in pediatric patients undergoing SCT have

_ indicated incidence rates ranging from 6% to 13%.7°

In these reports, many patients complicated with IFI
within 1 year after SCT; in contrast, only 6 of our patients
(4%) developed IFI within 1 year, including 3 cases with
graft rejection. The incidence of IFI among our patients
was lower than those in past reports, and moreover, no
patients who underwent autologous SCT complicated
with IFT (33 patients, data not shown). The reason of the
lower rate of IFI observed in this study is not clear.
However, it is of note that after April 2005 we switched to
intravenous micafungin for prevention of fungal infec-
tion, after initially using oral amphotericin B for this
purpose, and IFI did not occur in any patients who
received micafungin, including 2 patients with graft
rejection. If patients who used micafungin excluded,
patients developing IFI was 9.6%, and those within 1
year was 4.8%. It becomes not different with past reports.
The efficacy of micafungin has been reported to be
superior to that of fluconazole in antifungal prophylaxis
during the neutropenic phase after SCT.!! It might be
controversial for preventing use of micafungin, because
micafungin is relatively expensive. However, the number
of cases in our study is too small to judge the effect of
micafungin with certainty.

© 2007 Lippincott Williams & Wilkins
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TABLE 3. Clinical Characteristics of 146 Pediatric Allogeneic
SCT Patients Excluding 3 Cases With IFl After Relapse

TABLE 4. Multivariate Analysis of Risk Factors for IFi
Excluding Cases With Relapse

Total 1F1 No IFI1 P Factor Relative Risk of IF] 95% C1 P

Sex Chronic GVHD
Male 92 4 (44%) 88 (64%)  0.291 Yes 6.055 1.198-30.606  0.029
Female 54 S (56%) 49 (36%) Age

Age at transplant =10y 2.884 0.657-12.653 0.160
Median (range) 14 (3-17) 7(0-21) 0.00148 Steroids
> 10y 53 7 (78%) 46 (34%)  0.012 >10d 4327 0.741-25.283 0.104
<10y 93 2 (22%) 91 (66%)

Disease

3 0, 0,
i,‘ﬁffi‘ﬁ;}am 128 ; 834‘3 gg E;ﬁoﬁ% 1000 or older was a risk factor for IFI, and suggested that this

Donor may reflect the importance of host colonization by an
Related g 7 2 (2%) 69 (50:/0) 0.167 environmental fungus as an important step in develop-

SOErrgeelated B 778%) 68 (50%) ment of invasive di.sease, with younger patients hqving
CB 40 3 (33%) 37Q7%)  0.706 had less exposure time to fungal spores in the environ-
BM, PB 106 6 (67%) 100 (73%) ment. In our study, multivariate analysis revealed that

Acute GVHD chronic GVHD is the most important risk factor for IFI
< Gradel 116 5(56%)  111(81%)  0.086 after SCT. However, the 3 risk factors identified in our

Chrzog?gevl}I{D 300 44%) 26 (19%) population are closely related, because chronic GVHD
Yes ) 6 (67%) 26(19%)  0.004 more frequently occurs in older children and high-dose
No 114 3 (33%) 111 (81%) corticosteroids are commonly used as treatment for

TBI chronic GVHD. This suggests that preventive use of an
Yes & 2 (22%) 3(33%) 0091 antifungal drug, such as an azole, is important upon
No 71 7 (78%) 64 (47%) - .

ATG occurrence of chronic GVHD. However, azoles interact
Yes 40 4 (44%) 36 (26%)  0.258 with drugs such as CsA and tacrolimus, which are
No 106 5 (56%) 101 (74%) hepatically metabolized through the cytochrome P450

L'];“:;“ 37 4 @a%) @ 0232 3A4 pathway. Moreover, fluconazole is not effective
No 109 5 (56%) 104 (76%) against the Aspergz]lus spp., which often accompanies

Busulfan . occurrence of chronic GVHD. Therefore, the selection of
Yes 55 6 (67%) 49 (36%)  0.081 the antifungal drug becomes extremely important.
No 91 3(33%) 88 (64%) Although itraconazole is also a member of the azole

Ne&:gg;’] recovery - 17 0322 class, it is recommended for antifungal prophylaxis in
>29d 18 2 (22%) 16 (12%)  0.306 high risk neutropenic patients with hematologic malig-
<29d 128 7 (78%) 121 (88%) nancies or for prolonged prophylaxis after allogeneic

CMYV antigenemia SCT, on the basis of the unambiguous evidence of efficacy
\Iffs 'l?g 2 E?]Zﬁ’g 133 g‘é:f’g 0.690 and low toxicity in clinical trials and systematic reviews.!2

Stergids ° ° On the other hand, cost of antifungal drugs are high and
>10d (> 2mg/ke 54 8 (89%) 46 (34%)  0.002 appearance rate of side effect with antifungal drugs are
or 60 mg/d) . relatively high. Therefore, preventive use of antifungal
<10d 92 1 (11%) 91 (66%) drug may have to be only for high-risk patients of IFI.

M‘;iiungm iy 0 (0%) 24(18%) 0356 The mortality rate of IFI was extremely high in our
No 122 9(100%) 113 (82%) cases, despite the use of several antifungal drugs.

Statistical analysis was done by x? test.

ATG indicates antithymocyte globulin; BM, bone marrow; CB, cord blood;
CMV, cytomegalovirus; L-PAM, melphalan; PB, peripheral blood; TBI, total
body irradiation.

Risk factors for IFI in pediatric patients after SCT
have been reported as abundant candidal colonization,

severe acute GVHD, extensive chronic GVHD, duration-

of neutropenia, age > 10 years old, transplant for severe
aplastic anemia or Fanconi anemia, and high-dose
corticosteroid administration.”® In our study, the risk
factors were age > 10 years old, presence of chronic
GVHD, and high-dose corticosteroid administration.
Dvorak et al® first showed that an age of 10 years old

790

Outcomes are also extremely poor in adult patients with
IFT after allogeneic SCT, with a 1-year mortality rate of
68% to 90%.13-13 In children, the reported mortality rate
varied from 4% to 67%.7-%1¢ Although new antifungal
drugs such as voriconazole and liposomal amphotericin B
have been available, the prognosis for patients who
develop IFI after SCT remains poor. Our data were based
on retrospective study, valuable diseases, and long-term
period. However, our results suggest that IFI after
allogeneic SCT is associated with chronic GVHD in
childhood, and because treatment of IFI is very difficult
we suggest that prevention is of utmost importance,
particularly in cases with chronic GVHD. Prospective
study with larger scale of pediatric patients will be
necessary for determination of risk factor of IFI with
SCT.

© 2007 Lippincott Williams & Wilkins
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A 14-year-old Japanese girl with a progressing combined
immunodeficiency had developed non-Hodgkin’s diffuse
large B cell lymphoma. Her molecular analysis showed a
compound heterozygote of novel mutations in the LIG4
gene, M249V substitution and a five nucleotides deletion
from nucleotide position 1,270—1,274. She had also a set of
characteristic clinical features of LIG4 syndrome. Mutations
in the LIG4 gene, which plays a critical role in the repair of
DNA double-strand breaks, imply a correlation with malig-

nancies and several cases with leukemia or lymphoma have
already been reported. We report here on a case of LIG4
syndrome complicated with distinct EBV-associated B-cell
lymphoma. © 2007 Wiley-Liss, Inc.
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ciency; EBV; lymphoma
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INTRODUCTION

DNA ligase IV (LIG4) syndrome (OMIM #606593) is
a rare autosomal recessive disorder arising from
mutations in the DNA ligase IV gene, which plays a
critical role in the repair of DNA double-strand
breaks by non-homologous end-joining mechanism
[Riballo et al., 1999; O’Driscoll et al., 2001]. It is
characterized by chromosomal instability, immuno-
deficiency, and developmental delay. Out of 11
previously reported patients, two cases with T cell
leukemia, one case with B-cell lymphoma and one
case with myelodysplasia have been reported,
suggesting an increased risk for lymphoid malig-
nancies in this disorder [Riballo et al., 1999;
O’Driscoll et al., 2001; Ben-Omram et al., 2005; Buck
et al., 2006; Enders et al., 2006; van der Burg et al.,
2006]. In addition, a possible correlation between

polymorphisms in the LIG4 gene and a risk for
malignancies such as breast cancer and multiple
myeloma has been suggested [Goode et al., 2002;
Roddam et al., 2002]. We present here a case of LIG4
syndrome complicated with Epstein—Barr virus
(EBV)-associated large B-cell lymphoma.
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MATERIALS AND METHODS

Patient

A 14-year-old Japanese girl was admitted to
Hokkaido University Hospital because of pro-
gressive gingival swelling and high fever. Her
underlying clinical and laboratory features have
already been precisely reported [Yamada et al,
2001]. Briefly, she had polydactyly, proportional
microcephaly, short stature, and progressively
decreasing serum levels of IgG and IgM, and the
numbers of both peripheral B and T cells. Her skin
fibroblast showed both spontaneous chromosome
aberration and ionizing irradiation hypersensitivity
but not mitomycin C hypersensitivity. Her clinical
features including microcephaly, immunodeficiency
and radiosensitivity resembled that of Nijmegen
breakage syndrome (NBS) other than Bloom syn-
drome, Fanconi anemia, ataxia telangiectasia, and
radiosensitive SCID (Artemis deficiency). However,
no mutation was found in the coding lesion of NBS1.
As well, a normal level of NBS1 protein was
expressed in her fibroblast. She had been protected
from severe infections by monthly intravenous
immunoglobulin replacement therapy.

On admission, she had a whitely coated tumor
involving her left upper gingiva and hard palate
without apparent lymphadenopathy or hepatosple-
nomegaly. Laboratory findings were as followings;
white blood cell count 1.5x 10°/L with 66% of
neutrophils and 11% of lymphocytes, hemoglobin
97 g/L, platelet count 38 x 10°/L, and C-reactive
protein 26.3 mg/L. Flow-cytometry analysis of her
peripheral blood mononuclear cells showed
decreased numbers of both T (CD3™", 33.1%) and B
cells (CD20*, 0.1%). T2-weighted magnetic reso-
nance imaging showed a mixed intensity mass in the
left maxillary sinus. The histopathological diagnosis
was made as non-Hodgkin’s diffuse large B cell
lymphoma.

No abnormal cells were detected in either her
peripheral blood or bone marrow. She was treated
with the combination of reduced amounts of
vincristine, cyclophosphamide, and prednisolone.
Following this, erythematous desquamation of
the skin, severe diarrhea, and severe persistent
neutropenia developed. Finally, serious pulmonary
aspergillosis developed despite anti-fungal therapy.
She died of respiratory failure after four months of
hospitalization. An autopsy was not performed.

Histopathology

Tissue sample from the left maxillary sinus was
fixed in 10% buffered formalin, embedded in
paraffin, and stained with H&E. immunostains for
CD3, CD20/L26, CD79a (DAKO, Kyoto, Japan)
were performed for phenotypic analysis of the

proliferating lymphocytes. Detection of EBV was
done by immunostains for latent membrane
protein (LMP-1) and EBV-determined nuclear anti-
gen 2 (EBNA2) (DAKO) and by in situ hybridization
with an oligoprobe for EBV-encoded small non-
polyadenylated RNAs (EBER) and with a sense probe
(negative control) [Weiss et al., 1992].

DNA Sequencing

Genomic DNA was extracted from both peripheral
blood neutrophils and skin fibroblasts. Overlapping
fragments of the coding lesions of LIG4 were
amplified by polymerase chain reaction (PCR;
35 cycles of 94°C for 30 sec, 60°C for 30 sec, and
72°C for 1 min) with primers according to the
previous report [O’Driscoll et al., 2001]. PCR products
were supplied for direct sequencing reaction. Both
PCR amplification and sequencing reaction were
performed by GeneAmp PCR System 2400 (Perkin
Elmer, Foster City, CA). Sequencing analyses were
performed by ABI PRISM Gene Analyzer 310 (Perkin
Elmer).

RESULTS

Histopathological Findings

Immunohistochemistry of the tumor cells demon-
strated positive for both CD20 and CD79a but
negative for CD3, and was histopathologically
diagnosed as diffuse large B cell lymphoma
(Fig. 1. Clonal immunoglobulin heavy chain gene
rearrangement was noted by PCR analysis, suggest-
ing monoclonal proliferation of the tumor cells.
Although no EBV genome was demonstrated by
semi-quantitative PCR analysis in her peripheral
circulation, tumor cells were positive for EBV-
encoded RNAs (EBERs), latent membrane protein-
1, and EBV-determined nuclear antigen 2, indicating
EBV-related type I1I latency [Okano and Gross, 2000].

Sequencing Analysis and Immunoblot Analysis

We detected novel mutations, a five nucleotide
deletion from 1,270 to 1,274 and an 745A>G
substitution of the LIG4 gene, which result in a frame
shift at the amino acid position 424 and M249V amino
acid substitution, respectively (Fig. 2). Compound
heterozygosity was confirmed by sequencing ana-
lyses of both cloned DNA from the patient and DNA
from her parents. The small deletion was inherited
from her mother and the point mutation was
identified in her father (data not shown). Western
blot analysis revealed reduced LIG4 protein levels in
her fibroblasts using monoclonal antibody for LIG4
(purchased from Santa Cruz Biotechnology, Santa
Cruz, CA), compared with control cells (data not
shown).
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Fic. 1. Histopathology of the tumor. Tumor section was stained with hematoxylin-eosin (A, original x 100). Tumor cells are positive for CD79a (B; original x 400)
and latent membrane protein-1 (C; original x 400) by immunohistochemistry. In situ hybridization study demonstrated EBV-encoded RNAs in the tumor cells (D;
original x 400). {Color figure can be viewed in the online issue, which is available at www.interscience.wiley.com.] ’

DISCUSSION

Here we describe a case of LIG4 syndrome
complicated with distinct EBV-associated B-cell
lymphoma, who had many phenotypic charac-
teristics resembling NBS. O'Driscoll et al. [2001]
screened NBS-like patients who had no mutations in
NBS1 and produced normal levels of nibrin, then

identified several patients with mutations in LIG4.
We also identified two novel mutations in the LIG4
gene, a five-nucleotides deletion and M249V sub-
stitution. The small deletion result in a frame shift and
its product lacking C-terminal XRCC4 binding site
could be non-functional [Grawunder et al., 1998].
Methionine at amino acid 249 is located near an ATP-
binding site and is conserved among other DNA

Fic. 2. Direct sequencing analysis demonstrates mutations in L/G4. The sequence of DNA from the patient shows heterozygote of 745A and 745G (left upper
panel). A five nucleotides deletion from nucleotide position 1,270-1,274 (AAAAG) results in frame shift (right upper panel). Each mutation was detected on a
different allele by sequencing analyses of cloned DNAs (data not shown). Lower panels show the sequence of DNA from a normal individual. [Color figure can be

viewed in the online issue, which is available at www.interscience.wiley.com.]
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ligases [Wel et al.,, 1995]. However, M249V mutant
could be partially functional, because LIG4 knock-
out mice show embryonic lethality [Frank et al,,
2000]. LIG4 plays a critical role in both DNA
replication and V(D)] recombination [Riballo et al.,
1999; O’Driscoll et al., 2001]. Thus its deficit might
cause the death of the cells with non-functional
repair or recombination during meiosis or rearrange-
ment of both T and B cell receptors, which promotes
a progressive combined immunodeficiency in LIG4
syndrome. Such a slow progression of the disease as
in our case might be one of the characteristic features
of LIG4 syndrome.

We detected EBV-specific RNAs and latent proteins
in the tumor cells in our case, although no EBV
genome was detected in her peripheral blood by
PCR. EBV infection to B cells causes infectious
mononucleosis in immunocompetent individuals,
but promotes lymphoproliferative disorders includ-
ing malignant lymphoma in immunocompromised
hosts particularly with profound T cell defect [Okano
and Gross, 2000). Thus, it is possible that her deficient
immunosurveillance allowed the development of
EBV-associated B cell lymphoma. Otherwise, the
defects in damaged-DNA repair might be responsible
for the development of her malignancy as seen in
other chromosome breakage syndromes such as NBS
and ataxia telangiectasia. There have been two cases
with T cell leukemia, one case with B-cell lymphoma
and one case with myelodysplasia complicated with
LIG4 syndrome to date. Collectively, LIG4 syndrome
patients are likely to be at increased risk for lymphoid
malignancies.

The desquamative erythema, protracted diarrhea,
and neutropenia during the reduced chemotherapy
could be correlated with the defect in repair of
DNA damage induced by the cytotoxic agents
used for her treatment. Accordingly, haematopoietic
stem cell transplantation that requires cytotoxic
agents for myeloablation could be harmful for
patients with this syndrome. Instead, anti-CD20
antibody (rituximab) or adoptive EBV-CTL therapy
may be beneficial for EBV-associated lymphoma in
such patients.
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Spontaneous reversion of inherited mutations detected in some
patients with primary immunodeficiency diseases ; a model of
ad_aptation failure and its restoration.

Tadashi Ariga

Department of Pediatrics, Hokkaido University Graduate School of Medicine

Abstract Primary immunodeficiency diseases (PID) are characterized by their immunocompromised
status, indicating one of adaptation failure diseases. Furthermore, adaptation failure in some PID is
also observed in their cellular level ; immunocytes carry some defects in growth or development.
Recently, somatic mosaicisms due to reversion to normal of inherited mutations have been



discovered in some PID patients. The immunocytes with reversion have growth/survival

advantage over the original cells and milder clinical courses than expected, were observed in some
of those patients; therefore, reversions in some patients with PID are considered restoration of the
adaptation failure, and thus designating “natural gene therapy”. I will show our cases with PID
(cases with adenosine deaminase deficiency and Wiskott-Aldrich syndrome) who were revealed to
have somatic mosaicism with de vivo reversion, then, the significance in the role of growth
advantage in view of recent results of gene therapy will be discussed.

@Key words : primary immunodeficiency diseases, reversion of inherited mutations, Wiskott-Aldrich syndrome,
adenosine deaminase deficiency, growth advantage
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Table 1. PID reported' with reversion cases
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+ X-linked severe combined immunodeficiency (X-SCID)
+ Adenosine deaminase (ADA) deficiency

+ Omenn syndrome

- Wiskott-Aldrich syndrome (WAS)

+ Leukocyte adhesion deficiency | (LAD-I)

- Bloom syndrome
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Table 2. Clinical profile of two patients with
ADA deficiency
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Patient 1 (AT)

HEDOR235QTHH. ADA

She frequently showed infectious respiratory symptoms since two
weeks after birth, and also showed failure to thrive. She was
suspected to have immunodeficiency status because of her severe
lymphopenia (200/mm3) . Screening and quantitative of ADA
analysis was abnormally low, and ADA gene analysis revealed she
had ADA deficiency. She had compound heterozygous ADA gene
mutation with paternal Q119X and maternal R235Q.

Patient 2 (MT)

She had intractable impetigo at one month of age. She was
suspected to have immunodeficiency status because of her severe
lymphopenia (84/mm?3) . Screening and quantitative of ADA
analysis was abnormally low, and ADA gene analysis revealed she
had ADA deficiency. She had compound heterozygous ADA gene

mutation with paternal dei314A and maternal R235Q.
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Figure 1. ADA enzyme activities (A) and ADA protein levels (B) in tne patients’ cell lines

Replacement of ADA enzyme : rescue for defective cells
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Figure 2. Two different ways of restoration for
adaptation failure in ADA deficiency
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DYDTHAHI L 2HAL. THRIEFGOBIT
PHEIu—-UTHEZLPREINIBELD,

HrHREBEME>THRKROB L%
AALFRYVBELABRGIIRD Y, AATOY
N—=Tarzb2oTHREXT I VSV
AR, RBATRICZ o2 EZ b7,
ADA R384E= BT 5 B OBk DBE X Figure
20 RTEYPEZOND, BEBTIIME
AL TRELZEZD I LI X Y HASHAE
LT fifad®EL, UNN-Va ViZBETF
VRVTCBEOBEET > T3, EHTNRE
R, BEVOBERBE TS THZLT. 2D
CLREROBETFERLTERTIRCEZHE
TMEOKRE (BREMARELFAL-LHER
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Table 3. Clonal analysis of the WASP mutations
detected in the WAS < patient 1>

VYRRV b 2ROBIT T 72
FORR. WASPEBEFOZ IV~

10ICH30ERILENTZODER

no. of clones clones with BRI L7 —Dld—H2E A DA T,
studied A+/G- G- A no mutatio
i * nal i —EEGCORBMTH o0 & <
Patient 51 90.2°/° 9.8°/o Oo/o Oo/o ﬁﬁj— Z) k A @ﬁlz’g 100%—(,. ‘i &
Mother 15 0% 40% 0% 60%

W2 eSS, 2 * &4 PCR

Sister 20 0% 45% 0% 55% - #w EE_?
Control 10 0% 0% 0%  100% 737 Ay PEI7U-=VTLT

ERORRERELEDIZHENTL
72 (Table 3). DR, BEETIRG

HMERBEFEETIT. BEETEAMBOMMEE
VEXBELZDIHENBAFTELRZW) LLTH
BRINTWE, '

(2) Wiskott-Aldrich fE{RE (WAS)

WASRX-EZSHBEEXOPIDTH V. BKE
CREFZCIZ2HBEE. BREERS. /K
BAICI2HMEMZ=ZIRETIEETH 3,
HCREREXCEREFORELEETREN
FREIFARTH2. EEFTFE LT 2FVH
W/ VT VEESTFTHEWASPHERIE S 1L,

WASPBETFERIC LI 5 WASPHFORMK (13

EALEHERE) PHRETH L. WASODBIZR
RE. BROFHEL, SEDR., flow cytometry T
MEADWASPGFORETRAZI ) —=Vv g
3h, BRNICEBETBIFCTbL 2, R
R2ERENBEBARBBHESH—-TH 2%, &
BFERBERMROBROIET T TH 2, K4
B3IEMDOWASTY N -V a v i—HoOMBEE
CREDTBY, oG LdbEs LERKRC
BuTRINR=TVa vERTRLBI A TWRE
PRBENTVWE, LTI 2EATOEREER
¥ %,

@ WASEESI 1
BERIITTCIRETLTWT, BESRATw

DORWIZT100% THo 2R ADFEA
28 90% T, BADLZVHI0%DID—V %R
D7z B, HIZREZETTRLOIHERIIGORX
HMERDLP, ADFAZO—VZBD P07,
CNODRRIEIBEVEAANT—HOMBIZAD
BAEMDY, ToMBEF HBENE L+ RE
LTRZBOMBERE 2oz LARBRENT,
ADHFAICL->TGRBIZEBZ 7LV -4 7}
PRESHh, WASPREIFHIBEERBEL S
ERERICHDBEEREEIND,

@ WASEESFI 2

WASHEH 1 TOMROH., RkOBERI MO
WASEMICEZ o T I 2 ETRL AR,
|4 PHEL L 22 flow cytometry TWASP4+F
EFRETHHFEORIOBNIIEDTHEATD
o720 WASTERI 2 DB % 2 O F ik TRHAT L 72
EZAHREBOWASPEHMBELUA IZWASPE
HOMABEEE Y VB Y — MZED (Figure 3A),
FORREMEL:. ZORKE, WASPE#HM
Faix EIC THRIZ (Figure 3B) 27 u— Y CHED,
ByL2-MBHETREESEBORR L HLRET
TOER/EEOLEI—FK L7 (Figure 3C).
WASPHHEMBEREZERAOMBTH L2 L1
HLASOBHiPoBBEh AT L5, BEH
ROERMBEECNTI NN —TVaVIZINEBL,
FOMBrAEBEMAE L RLLER. 20X
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Figure 3. Evaluation of WASP positive lymphocytes detected in the WAS < patient 2>
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