TMA Following BMT

Figure 2, Subintimal mucoid lesions of arterioles of the ileum at
autopsy (A and B), and a low-magnification view (C} (HE stain),
The mucosa overlying the involved arterioles shows marked at-
rophy (C).
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episode of TMA, which showed ischemic colitis, was
partially responsive to antithymocyte globulin. A reduction
in methylprednisolone administered for skin GVHD was not
accompanied by the exacerbation of bloody diarrhea.

In conclusion, we have reported a case of ischemic colitis
as a manifestation of BMT-TMA and reviewed the charac-
teristics of the clinical course and the pathological findings.
Early detection, an accurate diagnosis and an optimal treat-
ment strategy for this complication are needed to improve
the treatment-related mortality in stem cell transplantation.
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Polymerase chain reaction (PCR) is a sensitive method for detection of Aspergilfus DNA
in bronchoalveolar lavage fluld, but it has not yet been able to distinguish infection from
contamination. We have established a technique to quantify Aspergillus DNA using a
real-time PCR method to resolve this problem, and we report herein a successful appli-
cation of real-time PCR to diagnose invasive pulmonary aspergillosis by comparing the
amount of Aspergillus DNA in bronchial lavage fluid from an affected area to that from an
unatfected area. This novel tool will provide rapid, sensitive, and specific diagnosis of

pulmonary aspergillosis. Am. J. Hematol. 72:27-30, 2003,

2 2002 Wiley-Liss, Inc.

Key words: real-time polymerase chain reaction; aspergfllosis; bone marrow transplan-

tation; bronchial lavage fluid

INTRODUCTION

Invasive pulmonary aspergillosis (IPA) is a major
complication among immunocompromised patients, es-
pecially who undergo hematopoietic stem cell transplan-
tation. Because IPA, once overily developed, may be-
come refractory to antifungal treatments, strategies for an
carly detection of IPA have been eagerly investigated [1].
Chest computed tomography (CT) scan has been re-
ported to be useful for early diagnosis of IPA [2], and
actually antifungal therapy is apt to be started empirically
on the basis of the clinical course and radiographic find-
ings. However, because the toxicity of amphotericin B,
the most reliable agent against aspergillosis, is not neg-
ligible, antifungal therapy is better started on the basis of
a definite diagnosis established by pathological or mi-
crobiclogical examinations of the lung specimen. Trans-
bronchial lung biopsy, however, can hardly be per-
formed, because thrombocytopenia and/or coagulopathy
are common among immunosuppressed patients. In con-
trast, bronchoalveolar or bronchial lavage fluid (BLF)
can be safely obtained and shown to be useful in diag-
nosing IPA [3]. Although culture of BLF is specific and
it allows determination of species, culture assay is time-
consuming and not sensitive enough [4].

© 2002 Wiley-Liss, Inc.

Some molecular and/or serological methods have been
investigated for early detection of Aspergillus in blood
and/or BLF samples. One of them is a sandwich enzyme-
linked immunosorbent assay (ELISA) to detect galacto-
mannan antigen (GM) [5], but its sensitivity is not clini-
cally sufficient [6]. Polymerase chain reaction (PCR) to
amplify Aspergillus DNA has been expected to be a sen-
sitive method [7-9]. However, since conidia are ubiqui-
tous in the environment, a high frequency of false-
positive results has been problematic; in addition, it was
difficult to distinguish true aspergillosis from upper-
airway colonization when BLF samples were used [10].
To resolve these problems, we have established a tech-
nique to quantify Aspergillus DNA using a real-time
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Fig. 1. Chest computed tomography scan on day 61. A
nodular lesion with cavitation was seen in the right upper
lobe (S;). The ground-glass like lesion at the periphery was
supposed to be bronchiolitis obliterans organizing pneumo-
nia.

PCR method [11]. Here we report a successful and rapid
diagnosis of IPA using quantitative PCR (Q-PCR) com-
paring BLF from an affected lesion and that from a nor-
mal area.

CASE REPORT

A 38-year-old woman with acute myeloblastic leuke-
mia {(M2) in second complete remission underwent bone
marrow transplantation from an human leukocyte anti-
gen-matched unrelated male donor after a conditioning
regimen consisting of total body irradiation (2 Gy twice
daily on days -9, -8, and -7) and cyclophosphamide {60
mg/kg/day on days —4 and —3). Engraftment defined by
neutrophil count >500/mm? was achieved on day 18, and
bone marrow aspiration on days 28 and 60 revealed sus-
tained complete remission. Regimen-related toxicity was
mild except for development of congestive heart failure,
which was resolved by an administration of diuretics and
catecholamines.

Cyclosporine A (3 mg/kg/day, from day -1) and
methotrexate (12 mg/m?/day on day 1, and then 7 mg/
m3/day on days 3, 6, and 11) were administered for pro-
phylaxis of graft-versus-host disease (GVHD). However,
cyclosporine A was discontinued when congestive heart
failure developed and was substituted by 1 mg/kg/day of
methyl-prednisolone (mPSL). Subsequently, cutaneous
acute GVHD of stage 3 developed on day 33, which was
improved by the resumption of cyclosporine A, and then
we began to gradually decrease the dose of mPSL. A

routine chest X ray on day 53 showed nodular leston with
a cavitation in the right upper field of lung without any
symptoms. Chest CT scan on day 61 revealed nodular
lesion with air-crescent sign in the right upper lobe (S,
segment) and diffuse ground-glass opacity at the periph-
ery of the left lower lobe and the right upper, middle, and
lower lobes (Fig. 1). The ground-glass-like lesion was
suspected to be bronchiolitis obliterans organizing pneu-

~ monia (BOOP), whereas the nodular lesion was sus-

pected to be fungal infection. In order to confirm the
diagnosis of fungal infection, bronchoscopy was per-
formed on day 62. BLF and brush samples obtained from
the right B; and B bronchi were subjected to culture,
cytology, flow cytometry, GM detection by ELISA
(Platelia aspergillus, Fuji Revio, Japan), and Q-PCR for
Aspergillus DNA,

We could not make a definite diagnosis of BOOP,
since biopsy was not performed due to the low platelet
count. However, the CD4/CD8 ratio of leukocytes in the
BLF sample obtained from the B bronchus was 0.2,
which was compatible with the diagnosis of BOOP {12].
The results of microbiological examinations are summa-
rized in Table I. The yields of Aspergillus DNA esti-
mated by Q-PCR in the B, brush sample, B, BLF, and B,
BLF were 30,000, 6,000, and 100 copies/ml., respec-
tively. A few days later, two colonies of Aspergillus fu-
migatus were detected in the culture of the B; brush
sample. Several days after bronchoscopy was performed,
she also complained of a subcutaneous nodular lesion of
the right femur, which was histologically diagnosed as
subcutaneous aspergillosis. Therefore, we made the di-
agnosis of definite systemic aspergillosis. Weekly ob-
tained blood samples were persistently negative for B-p-
glucan, GM antigen, and Aspergillus DNA throughout
the clinical course (Table IT).

We started AMPH-B just after obtaining the results
of Q-PCR and subsequently changed to liposomal
AMPH-B and oral itraconazole because of the develop-
ment of renal toxicity. Aspergillosis gradually improved
as the dose of mPSL was decreased.

TABLE |. Results of Microbiclogical Examinations for
Bronchial Lavage Fluid Samples*

B, B,
BLF BLF Brush
Culture No growth No growth 2 colonies of
A. fumigatus
B-D-Glucan (pg/mL} <0.2 <20 <2.0
Galactomannan QDI 03 0.8 1.1
Aspergillus DNA (copics/mL) 100 6,000 30,000

*Cutoff values for B-p-glucan, galactomannan, and quantitative PCR were
11.0 pg/mL, 1.5, and 40 copies/mL, respectively. BLF, bronchial lavage
fluid; ODI, opiical density index.
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TABLE II. Surveillance of Aspergillus Infection Using Blood Samples®

Days after BMT

Day 3 Day 10 Day 17 Day 24 Day 31 Day 38 Day 45 Day 53 Day 59
B-p-Glucan <2.0 <20 <2.0 <20 <2.0 <20 28 <20 <20
(pg/mg)
Galactomannan ODI1 03 04 0.5 0.6 0.6 0.5 0.9 0.4 0.6
Aspergillus DNA 0 0 0 10.5 0 Y 3 0 335
(copies/mL)

*Cut-off values for B-D-glucan, galactomannan, and quaatitative PCR were 11.0 pg/mL, 1.5, and 40 copies/mL, respectively. ODI, optical density index.

DISCUSSION

Varieties of PCR methods, including conventional
PCR [7], competitive PCR, [8] and nested PCR [9], have
been applied in the detection of Aspergillus DNA in
clinical specimens, and they have demonstrated their
high sensitivities [6]. However, false-positive results are
frequent, and up to 25% of BLF from healthy volunteers
showed positive results [13]. This low specificity may be
due to environmental contamination or airway coloniza-
tion of Aspergillus, and it has been difficult to differen-
tiate false-positive results from true infection by PCR
{10]. We applied Q-PCR to resolve this problem. In the
present patient, 6,000 copies/ml. of Aspergilius DNA
was detected in the BLF from an affected bronchus (B,),
whereas the amount of Aspergillus DNA was estimated
as only 100 copies/mL in the BLF obtained from right B
area, which was supposed to be free from infection, The
low amount of Aspergillus DNA in the B; BLF could be
explained by upper-airway colonization, contaminated
by the insertion of bronchoscope. Actually, we have
found that induced sputa from normal volunteers were
sometimes positive for Aspergillus DNA at lower levels
(unpublished data). By comparing the amount of
Aspergillus DNA from the affected area with that from
an unaffected area, we could distinguish true positive
samples. Although culture is the gold standard of
microbiological examination and also allows identifi-
cation of species and tests for susceptibility {14], it is
time-consuming and less sensitive. The result of real-
time PCR is available within 24 hr. GM detection by
ELISA in BLF has also been suggested to be useful for
the diagnosis of IPA [6]. In this case, however, GM
was not detected in the B, BLF, in which 6,000 copies/
mL of Aspergillus DNA were detected, suggesting
that Q-PCR is more sensitive than GM detection by
ELISA.

Because blood samples are easily available without
invasive procedures, the detection of GM by ELISA [15]
or Aspergilfus DNA by PCR [16,17] has been investi-
gated using blood samples. However, both tests became
positive only at an advanced stage [18,19], and they can-
not predict IPA at an early stage. In this case, we could
not detect Aspergillus infection using blood samples, de-

spite both tests being performed weekly. Therefore, the
sensitivity of these tests using blood samples was not
clinically sufficient.

In conclusion, quantification of Aspergillus DNA in
BLF by real-time PCR could differentiate true infection
from colonization or contamination by comparing the
amount of Aspergillus DNA in BLFs from an affected
with that from an unaffected area. This method may
shorten the time to diagnosis and improve the sensitivity
compared with conventional culture.
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A male patient had a relapse of myelodysplastic syndrome (MDS) 2 years after BMT from
a female matched unrelated donor. Conventional ¢cytogenetics, FISH, and short-tandem
repeat chimerism analysis proved a relapse of donor origin. He underwent reduced-
intensity BMT after a conditioning with fludarabine and busulfan, since he had impaired
renal, liver, and pulmonary functions. Chimerism analysis on day 28 after the second
BMT showed mixed chimerism of the first and the second donors, which later turned to
full second-donor chimerism on day 60. He developed grade Il acute GVHD of the skin
and cytomegalovirus reactivation, but both were improved with methylprednisclone and
ganciclovir, respectively. He remains in complete remission 6 months after the second
BMT. Reduced-intensity second BMT from an alternative donor appeared to be a tolerable
treatment option for donor-derived leukemia/MDS after the first conventional transplan-
tation. Am. J. Hematol, 72:220-222, 2003.  © 2003 Wiley-Llss, Inc.

Key words: reduced-intensity stem-cell transplantation; donor-derived leukemia; second

transplantation

INTRODUCTION

Several cases of donor-cell leukemia have been re-
ported after allogeneic bone marrow transplantation
(BMT) [1-4]. Since donor-cell leukemia is a rare event,
treatment of such patients has not been established. We
experienced a patient who developed donor-derived my-
elodysplastic syndrome (MDS) with unfavorable karyo-
typic abnormality after the first unrelated BMT, who sub-
sequently underwent a successful reduced-intensity BMT
from an alterative unrelated donor. Here we report the
clinical course as well as the kinetics of chimerism and
immunological reconstitution after the second BMT.

CASE REPORT

A 43-year old man was diagnosed with MDS (RA) in
June 1996. Chromosome analysis revealed a cytogenetic
abnormality with 47, XY, +8, del(20)(q11). He was ob-
served without treatment until leukocytopenia and ane-
mia progressed in September 1998. He became transfu-

© 2003 Wiley-Liss, Inc.

sion-dependent and underwent allogeneic BMT from a
female matched unrelated donor in June 1999. The con-
ditioning regimen consisted of cyclophosphamide (60
mg/kg for 2 days)-and fractionated total body irradiation
(2 Gy twice daily for 3 days). Cyclosporin A and a short
course of methotrexate were administered for GVHD
prophylaxis. Neutrophil engraftment was confirmed on
day 21. The clinical course after the first BMT was gen-
erally uneventful. He developed only grade I acute
GVHD restricted to the skin. Cytomegalovirus antigen-
emia became positive on day 38, which was treated with
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ganciclovir, Manifestation of chronic GVHD was ob-
served in Xerophthalmia, mild elevation of liver en-
zymes, and dry skin. Donor-recipient chimerism was se-
rially analyzed with XY chromosome FISH, and
persistent full-donor chimerism was confirmed.

In June 2001, however, 20% of blasts appeared in
peripheral blood, and a bone marrow aspirate showed a
relapse of MDS as RAEB-t. The leukemic cells were
positive for CD3, CD33, CD34, and HLA-DR. Conven-
tional cytogenetics of the seven dividing cells revealed
47, XX, +11 in 6 cells, and 46, XX in one cell. XY FISH
analysis of both 502 bone marrow cells and 590 periph-
eral blood cells showed 100% XX signals. Short tandem
repeat chimerism analysis confirmed that the blood cells
were completely of donor origin [3]. In addition, these
analyses were also performed with CD34-positive sorted
cells, and the results described above were reproduced.
Therefore, MDS of donor-cell origin was diagnosed. A
second BMT from an alternative unrelated donor was
planned at this time, because the prognosis of AML/
MDS with trisomy 11 has been shown to be poor [6].
Complete remission was achieved with a combination of
daunorubicin, cytarabine, and 6-MP, which was followed
by two courses of consolidation chemotherapy. Conven-
tional cytogenetics revealed normal female karyotype.

Since he had renal (creatinine clearance 30 mL/min),
hepatic (alkaline phosphatase 300-400 U/L with a nor-
mal upper limit of 200 U/L}), and respiratory dysfunction
(FEV 60%), we chose a reduced-intensity conditioning
regimen with busulfan 4 mg/kg for 2 days and
fludarabine 18 mg/m? for 6 days. Prophylaxis against
GVHD consisted of cyclosporine A (3 mg/kg) and
methotrexate (5 mg/m?) on days I, 3, 6, and 11. The
doses of fludarabine and methotrexate were adjusted
considering the renal dysfunction. On January 25, 2002,
a second BMT from an alternative female matched un-
related donor was performed. The number of all nucle-
ated cells infused was 1.7 x 10%/kg.

Regimen-related toxicity was generally mild, and the
only manifestation was stomatitis of grade Il by the Bear-
man’s criteria [7]. Neutrophil engraftment was achieved
on day 27. He developed grade Il acute GVHD of the
skin on day 41, which was improved with methylpred-
nisolone at a dose of 1 mg/kg. It was tapered and finally
discontinued on day 69. On day 52, cytomegalovirus
antigenemia became positive, and pre-emptive therapy
with ganciclovir at a2 maintenance dose was started [8,9].
CMYV antigenemia became negative on day 87 without
any sign of CMV diseases. He remains in complete re-
mission 6 months after the second BMT.

Short tandem repeat chimerism analysis of bone mar-
row cells on day 28 showed mixed chimerism; 31% of
the first-donor cells and 69% of the second-donor cells,
This turned to full second-donor chimerism on day 60
(Fig. 1). Conventional cytogenetics of bone marrow cells

221
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Fig.1. Results of chimerism analysis of bone marrow cells
on days 28, 60, and 90 after the second transplantation.
Bone marrow cells on day 28 showed mixed chimerism;
31% of the first-donor cells and 69% of the second-donor
cells. This turned to full second-donor chimerism on day 60.

2nd Doner Chimerism

1st Denor

persistently showed normal female karyotype on days 28,
60, and 90. On the other hand, chimerism of peripheral
blood CD3-positive cells showed full second-donor chi-
merism on day 28 and thereafter.

Indices of immunological recovery are shown in Table
I. Each subclass of immunoglobulin continued to de-
crease from day —10 to day 90, probably due to the use
of methotrexate after BMT and the omissien of intrave-
nous administration of immunoglobulin. Flow cytometry
analyses showed no CDI19 positive cells during the pe-
riod. The number of CD4 positive cells on day 90 was
lower than that after conventional transplantation [10]
but showed an increasing tendency.

DISCUSSION

Hematological malignancy of donor-cell origin after
allogeneic stem-cell transplantation is a rare event [11].
The optimal treatment of donor-cell malignancy may de-
pend on the character of the secondary malignancy and
general condition of the patient. Since the patient was
classified into the high-risk group by the international
prognostic scoring index {12] and he had an unfavorable
abnormal karyotype of trisomy 11 [6], we considered that
the only curative treatment was the second hematopotetic
stem-cell transplantation.

The risk of transplant-related mortality associated with
second BMT, however, has been reported to be ex-
tremely high [13]. Moreaver, this patient had several
organ dysfunctions. Therefore, we planned a reduced-
intensity BMT. We searched an alternative unrelated do-
nor, because the graft-versus-leukemia effect could not
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TABLE |. immune Recovery After the Second BMT

Day -10 Day 28 Day 60 Day 90
IgG 982 mg/dL 898 mg/dL 700 mg/dL 453 mg/dL
IgA 26 mg/dL 45 mg/dL 22 mg/dL. 22 mg/dL
IgM }35 mg/dL 95 mg/dL 30 mg/dL 24 mg/dLlL
CD4 362 cells/pL NT? 117 cells/pL 282 cells/pl
CD38 213 cells/pL N.T. 249 cells/pL 454 cells/pL

*N.T., not tested.

be expected by BMT from the first donor. A very similar
experience has been reported by Hambach et al. [3]. They
used a very low-intensity conditioning with fludarabine
80 mg/m? in total and TBI of only 2 Gy [14]. However,
we chose Slavin-type conditioning consisting of
fludarabine and busulfan, because this regimen has been
safely applied for the second allogeneic transplantation
and is considered to have a higher activity against my-
cloid malignancies [15]. Anti-thymocyte globulin (ATG)
was omitted because he was considered to be alrcady
severely immunosuppressed by the first BMT and sub-
sequent chemotherapies. Regimen-related toxicity was
mild and well tolerated. Full second-donor chimerism
was achieved early after the second BMT. He remained
in complete remission after the secand BMT, although
the duration of observation is still too short.

The recovery of CD4-positive cells after the second
BMT was delayed compared to that after conventional
transplantation. Actually, the patient experienced rising
CMYV antigenemia with 2 maximum number of positive
cells greater than 1,000 cells per 2 slides, which sug-
gested that the host-immunity was severely suppressed
[16,17]. This could not be attributable to the use of re-
duced-intensity regimen, because we did not use ATG
[18]. Taken altogether, the second allogencic transplan-
tation itself may be the main reason for the delay in the
recovery of cellular immunity.

In conclusion, reduced-intensity BMT from an alter-
native donor for donor-derived leukemia/MDS appeared
to be well tolerated. Although the impact of graft-versus-
leukemia effect originated from the second donor re-
mains unclear, this treatment could be considered as a
treatment option.
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Abstract

Chromosomal abnormalities involving 1p36, 3q21, and/or 3q26 have been reported in a subset of myeloid neoplasms hav-
ing characteristic dysmegakaryopoiesis, and the overexpression of EVII on 3q26 or of MELI on 1p36 has been implicated in
their pathogenesis. We describe molecular cytogenetic analyses of a novel human cell line, HIG, established from a unique case
in which a novel translocation t(1;3)(p36;q26) appeared as the sole additional chromosomal abnormality at the time of blastic
transformation of chronic myelogenous leukemia. The patient displayed clinical features resembling those of the 3q21q26 syn-
drome. The HIG cell line retained der{1)t{1;3)(p36;q26) but lost t1(9;22){(q34;q11). To identify the relevant gene that would be
deregulated by this translocation, we molecularly cloned the translocation’s breakpoints. They were distant from the break-
point cluster regions of the 3q21q26 syndrome or t{1;3)(p36;q21), and neither the EVII nor the MELI transcript was detected
in the HIG cell line. None of the genes located within 150 kilobase pairs of the breakpoints were aberrantly expressed, sug-
gesting that in this case other gene(s) more distant from the breakpoints are deregulated by possible remote effects. Further
analyses of the deregulated genes in the HIG cell line should provide important insight into the mechanisms involved in these
types of leukemias. Int J Hematol 2003;78:432-438.
©2003 The Japanese Society of Hematology
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1. Introduction more specifically, 32126 syndrome [1,3], which shows nor-

mal or elevated peripheral platelet counts at the initial diag-

Chromosomal abnormalities involving chromosomes  nosis, hyperplasia of bone marrow with dysplasia of mega-

3q21 and 3q26, such as inv(3)(q21q26), ins(3;3)(q21:q21q26), - karyocytes, poor response to chemotherapy, and a dismal
and t(3;3)(q21;q26), are observed in approximately 2% of  prognosis [4].

cases of acute myelogenous leukemia and myelodysplastic With regard to the molecular mechanism, the EVIT gene
syndrome and also are found in blastic transformation of  at 3q26 has been implicated in the pathogenesis of this syn-
chronic myelogenous leukemia (CML) [1]. There is a well-  drome [5-7]. The chromosomal breakpoints on 3q26 are clus-

known association between these abnormalities and their  tered within the 5’ region of the EVI{ gene in t(3;3)(q21:;q26)
clinical features, known as acute leukemia syndrome [2]) or,  and within the 3’ region in inv(3)(q21q26), whereas the
breakpoints at 3g21 in both t(3;3)(q21;q26) and inv(3)
(q21q26) are clustered within the 50-kilobase pair (kbp)
region near the ribophorin I (RPNI) gene [3,6,8]. Thus, it
Correspondence and reprint requests: Seishi Ogawa, MD, PhD, has been postulated that in the 3q21q26 syndrome the

Department of Hematology and Oncology, Graduate School of 5" enhancer element of RPNI translocated to the EVII loci

Medicine, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo is responsible for transcriptional activation of the EVIJ gene.

113.8655, Japan; 81-3-5800-8741; fax: 81-3-5804-6261 (e-mail: Intriguingly, a novel homologue of the EVII gene has

sogawa-tky@umin.ac,jp). recently been identified near the 1p36 breakpoint of 1(1;3)
432
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(p36:921) [9], another well-known translocation that resem-
bles 3q21q26 syndrome [10,11]. In this translocation, the
MELI gene near the 1p36 breakpoint is also supposed to be
expressed under the control of the enhancer of the RPN!
gene 100 to 160 kbp apart from the 3q21 breakpoints [9,12].
There exists a remarkable correlation between the clinical
features and the underlying genetic aberrations in the
3q21926 syndrome and t(1;3){p36;921) cases.

We describe a case of translocation involving both 1p36
and 3q26, ie, t(1;3)(p36;926). This translocation has rarely
been found in leukemias. We found it in a patient with CML
in blastic crisis who had clinical features similar to those of
the 3q21q26 syndrome and 1(1;3)(p36;921), such as an
increased platelet count and severe dysmegakaryopoiesis. In
this study, we established a cell line from the patient and per-
formed melecular cytogenetic analyses of this translocation.
The breakpoints thus identified were, unexpectedly, quite
distinct from the EVII and MELI loci, implying the exis-
tence of another gene target responsible for this acute
leukemia syndrome.

2. Materials and Methods
2.1. Case History

The HIG cell line was established from the bone marrow
leukemic cells of a 59-year-old Japanese man with CML in
blastic crisis. He received the diagnosis of CML in the
chronic phase in November 1984. Cytogenetic examination
showed a karyotype of 46,XY,1(9;22)(q34;q11) in all
metaphases examined. The discase had been kept under
good control until April 1989, when novel translocation
t(1,3)(p36;,q26) appeared as a scle additional chromosomal
abnormality in 18 of 30 examined bone marrow metaphases
(Figure 1A). During the following month, the white blood
cell count rapidly increased to 85.9 X 10%L with 53% blasts,
and the peripheral platelet count also increased to 634 X
10°1.. The bone marrow was markedly hypercellular with
31% blasts and numerous micromegakaryocytes, showing
the blastic transformation of CML. In May 1989, all 30 mar-
row metaphases had the karyotype 46,XY,t(1;3)(p36:q26),
1(9:22)(q34:q11). The patient died of sepsis during chemo-
therapy one month after blastic transformation.

2.2, Establishment and Characterization of the Cell
Line

Mononuclear cells were separated by Ficoll-Conray gra-
dient centrifugation from a bone marrow sample obtained
on May 10, 1989. Leukemic cells were cultured at 37°C in a
5% carbon dioxide atmosphere in RPMI 1640 medium with
20% fetal calf serum. Cytogenetic analyses of the patient’s
bone marrow samples and the HIG cell line were performed
with the conventional Giemsa banding technique. The HIG
cell line was also subjected to multiplex-fluorescence in situ
hybridization (FISH) analysis [13] using the Sky Paint kit
(Applied Spectral Imaging, Migdal Ha'Emek, Israel). Ten
metaphases were analyzed with a Zeiss microscope (Axio-
plan 2; Zeiss, Oberkochen, Germany) equipped with appro-
priate filters (4',6-diamidino-2-phenylindole, Texas Red,

Spectra Orange, fluorescein isothiocyanate, Cy5, and Cy5.5)
and MetaSystems Isis imaging software programs (MetaSys-
tems, Altlussheim, Germany).

2.3. Breakpoint Mapping Using Gene Walking and
FISH Analyses

Breakpoint mapping on chromosome 3q was performed
by iterated FISH experiments using a series of probes
already mapped to or newly isolated from 3q. The yeast arti-
ficial chromosome (YAC) clones mapped to 3q were pur-
chased from CEPH (Paris, France). Between the two adja-
cent YAC clones 938F10 and 855E4, a contig of Pl-derived
artificial chromosome (PAC) and bacterial artificial chromo-
some (BAC) clones was constructed by polymerase chain
reaction (PCR)-based screening of “Down-to-the-Well”
Human PAC/BAC DNA pools (Genome Systems, St. Louis,
MO, USA) according to the manufacturer’s instructions. The
obtained contig clones were used as FISH probes. To iden-
tify chromosomes 1 and 3 on FISH analysis, we used two
alphoid probes, D1Z7 on chromoseme 1 and D3Z1 on chro-
mosome 3 (American Type Culture Collection, Manassas,
VA, USA). FISH analyses on metaphase chromosomes of
HIG cells were performed essentially as previously
described [14].

2.4. Southern and Northern Blot Analyses

High molecular weight DNA and polyA+ RNA were pre-
pared from cell lines or normal controls as previously
described [15]. Ten micrograms of DNA digested with appro-
priate restriction enzymes or 5 pg polyA+ RNA were elec-
trophoresed, transferred onto nylon membranes, and
hybridized to DNA probes labeled by the random hexamer
method. Probe A within RP11-290K4 was obtained by PCR
using 100 ng DNA isolated from the RP11-290K4 clone and
the following 2 primers: the 20 mer 5’ sense primer (5'-CTT
TATATGTACTCTGGGCC-3") initiated at nucleotide
40,436 and the 20 mer 3' antisense primer (5-TGTGTTTAT
TTATTCAATCA-3") initiated at nucleotide 40,685 of RP11-
290K4 (Genbank accession no. AC079943). PCR amplifica-
tions were performed in a thermal cycler with the following
profile: 94°C for 2 minutes followed by 35 cycles of 94°C for 1
minute, 56°C for 1 minute, and 72°C for 1 minute and a final
extension at 72°C for 10 minutes. The probes for the EVIJ,
SHOX2, and MEL1 genes have been described in previous
reports [9,15,16). The expressed sequence tag (EST) clones
were purchased from Invitrogen (Tokyo, Japan) or from the
Department of ATCC, Summit Pharmaceuticals International
Corporation (Tokyo, Japan). The EST clones’ full-length
inserts were obtained by digesting the clones with appropriate
restriction enzymes, and the inserts were used as probes.

2.5. Long-Distance Inverse PCR

Genomic DNA (0.4 pg)} from HIG cells was digested with
Sacl and self-ligated overnight at 15°C in a volume of 500 pL.
A portion (1/40) of the self-ligated DNA was directed to
inverse PCR reactions. The conditions for the PCR reactions

- 145 -



434

Hesoya et al / International Journal of Hematology 78 (2003) 432-438

' »

F R

1 3

S48 3188 Ras sm @ 3Es a8
[y b x v Ll 12

RS- I

Figure 1. Karyotypes of the original leukemic cells and the HIG cell line. A, Partial karyotype of a bone marrow cell showing t(1;3}(p36:q26). The
arrows indicate the derivative chromosomes 1 and 3. B, Multiplex-fluorescence in situ hybridization analysis showing a representative karyotype of
HIG cells. The corresponding Giemsa-band karyotyping data together with these data indicate that the karyotype may be as follows:
80, XXYY,~1.der(1)1(1;3)(p36:926),-3,-5,-5.-8,-9,~-10,-10,-11 -13,-14,-15,add(15}(p13).-16,-17.-18.-20,-21,-21 22 +7mar.

have been described in previous reports [17]. Primers were
designed within the breakpoint-containing region at 3q25.3
so that the amplification products would include short
stretches from these regions in addition to the translocated
region at 1p36.3. Primers A5 and B1 were used in the first
PCR reactions, and primers Al through A4 were each used
with B2 in the second reactions, The primer sequences are as
follows: Al, 5"-TGGCCAACATGGTGAAACCCT-3"; A2,
5-TGGGCAGATCACCTGAGTTTG-3"; A3,5-AAGCTC
CAGTGCCAAAGGAAG-3; A4, 5-TGGAGCCAAACA
TTGCAAAGA-3"; A5, 5-GGAGGATATGACTTGTTG
GCC-3'; Bl, 5-CTTGGTGCTCAGCCTAACATT-3"; and
B2, 5'-GACGGTGAAAGTGGTGTCTGA-3".

2.6. Reverse Transcriptase-PCR

Five micrograms of the total RNA sample were tran-
scribed to complementary DNA (¢cDNA) with 2 units of
Moloney murine leukemia virus reverse transcriptase (Strat-
agene, La Jolla, CA, USA) and a random hexamer. One
tenth of the synthesized cDNA was directed to PCR analysis.
The primers used for amplifications of the major BCR/ABL,
EVII, MELI, GAPDH, and SHOX2 transcripts were those
described in previous reports [9,16,18,19]. Amplifications of

the two EST (IMAGE nos. 1845365 and 6104862) transcripts
were performed with primers C-F (5'-GCTTGGAAGAAG
AATGAAGGA-3) and C-R (53'-CAATCTGGCCTTATG

1 2 3 4 5
Evi1 .

MEL1T IR
GAPDH IEpyr—r—-rxr—

Figure 2, Reverse transcriptase-polymerase chain reaction (RT-PCR)
analysis of the EVII and MELT transcripts. Lanes 1 through 5 represent
the origins of the complementary DNA templates prepared from cell
lines 1937, KCL22, HIG, and MOLM1 and human uterus, respectively.
RT-PCR analyscs were performed with RT-PCR primers for EVII
(upper panel), MELT (middle panel}, and GAPDH as a conirol (lower
panel). Neither the EVIT nor the MEL] transcript was detected in the
HIG cell line {lane 3), although they were detected in the positive con-
trol(s). The EVII transcript was detected in MOLMI (lane 4) and
human uterus (lane 5), and that of MELT was detected only in human
uterus {fane 5).
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TTGTAA-3") and carried out under the conditions
described above.

3. Results

3.1 HIG, a Novel Cell Line Carrying der(1)t(1,3)
(p36;426)

After a 3-month culture, the leukemic cells became con-
tinuously proliferating in liquid suspension with a doubling
time of approximately 30 hours. The cells were heteroge-
neous in size and had a tendency to aggregate. They were
positive for CD15, CD25, CD71, and HLA-DR, weakly pos-
itive for CD4, CD35, CD22, CD56, CD64, and CD65, and neg-
ative for all other lineage-specific markers and did not show
differentiation into any specific cell lineages, even in the
presence of dimethyl sulfoxide, phorbo! myristate acetate, or
thrombopoietin (data not shown). Although the patient’s
original leukemic cells carried both t(1;3)(p36;926) and
t(9:22)(q34;q11), the established cell line, named HIG, had
lost £(9;22)(q34:q11) and der(3)t(1;3)(p36,926) during in

vitro culture, retained only der(1)t(1;3){p36;q26), and
showed a near-tetraploid karyotype (Fgure 1B). Reverse
transcriptase-PCR (RT-PCR) resulis were also negative for
the major BCR/ABL. gene fusion product. The expression of
the EVII and MELI transcripts was also examined, but they
were not detected in the HIG cell line, either by Northern
blot hybridization or by RT-PCR (Figure 2).

3.2. Identification of a Breakpoint-Containing PAC
Clone at 3g25.3

Initially, we mapped the breakpoint of t(1;3}{p36;q26) on
3q by repeatedly performing FISH analyses using as probes
a series of YAC clones already mapped to 3q. We defined the
breakpoint between two adjacent YAC clones, 938F10 and
855E4 (Figure 3A). In metaphase FISH analyses, the former
produced a signal only on the 3 normal chromosome 3s,
whereas the latter also did so on the der(1)t(1;3) chromo-
some in addition to the 3 normal chromosome 3s (data not
shown). Then, we further narrowed the location of the break-
point by making a PAC/BAC contig that covered these YAC

A
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A
45PAUBAC), 2381 1(BAC] 25309(BAC 130D13{BAC]
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Figure 3. Identification of the breakpoints on 3g. A, The P1-derived artificial chromosome (PAC)/bacterial artificial chromosome (BAC) contig
between 2 adjacent yeast artificial chromosome (YAC) clones 938F10 and 855E4. Directions of telomere and centromere are indicated. The number
of signals that each clone created on the fluorescence in situ hybridization (FISH) analysis in the HIG cells is indicated to the right of the clone. “3+1*
indicates that a weaker signal appeared on the derivative chromesome in addition to 3 authentic signals on the normal chromosome 3s, showing that
the breakpoint exists on the indicated clones. B, FISH analysis in a metaphase chromosome array of the HIG cell line, revealing that signals of the
15N2 probe {green) are hybridized on the Jong arm of the 3 normal chromosome 3s and weakly on der(1)t(1:3)(p36:q26). The D1Z7 probe (red) is
hybridized to the centromeres of the chromosome 1s. C, Identification of the rearrangement at 3g25.3 in the HIG cell line by Southern blot analysis.
The filter was hybridized with probe A as deseribed in “Materials and Methods.” Sources of DNA and restriction enzymes used are indicated at the

top of each blot. HP indicates human placenta. .
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Figure 4. The strategy and results of long-distance inverse polymerase chain reaction (PCR) analysis. Positions and directions of the primers are
illustrated. The primer sets used in the second PCR reactions are indicated at the top of each lane.

clones, and using this contig’s component clones as FISH
probes (Figure 3A), we identified the 3q breakpoint on the
PAC-15N2 clone, which showed a weaker signal on the
der(1)t(1;3)(p36;q26) chromosome (Figure 3B). To further
pinpoint the location of the 3q breakpoint, the sequence of
the 15N2 clone was determined by random sequencing of its
shotgun library (Genbank accession no. AB107101), The par-
tial sequence of 15N2 was 91,914 bp in length with an
unclosed gap at sequence position 79,605. Clone 15N2 later
was found to partly overlap BAC clone RP11-290K4 (Gen-
bank accession no. AC079943} mapped to 3q23.3 (rather
than to 3q26), which is likely located more than 10 megabase
pairs (Mbp) centromeric to the EVIT gene at 3q26 according
to mapping information from the Ensembl Genome Data
Resources (http:/www.ensembl.org). An array of genomic
probes based on the genomic sequences was prepared within
15N2 by genomic PCR. After a series of Southern blot analy-
ses using these probes, the gene rearrangement specific to the
HIG cell line was identified in Bg/II, Ndel, and Secl digests
with probe A (Figure 3C).

3.3. Identification of Genomic Breakpoint Sequences
at 3g25.3 and 1p36.3

To identify the exact breakpoint sequences in the HIG
cell line, we employed the long-distance inverse PCR
method (Figure 4) in which the breakpoint-containing Sacl
fragment was self-ligated, PCR-amplified, and then directly
sequenced (Figures 4 and 5A). By using the Basic Local
Alignment Search Tool (BLAST), we were able to success-
fully identify breakpoint sequences at nucleotide 37,464
within RP11-290K4 on 3q25.3 and at nucleotide 175,231
within RP11-206L10 on 1p36.3 {Genbank accession no.
AL669831) (Figure 5A). RP11-671C15 was also identified as
an overlapping clone that was centromeric to RP11-206L10,
and this clone was subjected to shotgun sequencing.
Although 3400 shotgun clones were sequenced, 13 subcon-

tigs remained unassembled (Genbank accession no.
AB107102) because of a heavy load of highly homologous
sequences. These BAC clones had been mapped in the sub-
telomeric region at 1p, which is likely to be located more
than 1 Mbp telomeric to the MELI gene according to the
mapping information of Ensembl Genome Data Resources.

3.4. Analyses of the Transcribed Units near the
Breakpoints

To identify the genes relevant to this translocation, we
have extensively searched for structural genes near the
breakpoints at 1p36.3 and 3q25.3 whose expressions might
be altered in the HIG cell line. We identified 8 genes possibly
encoded in the 1p36.3 region containing RP11-206L.10 and
RP11-671C15. We found an EST clone {IMAGE no. 346493)
spanning the breakpoint and thus considered it a plausible
candidate for the target gene (Figure 5B). On the other hand,
we found a homeobox gene, SHOXZ (also called SHOT or
0GI12X) [16,20,21], 121 kbp telomeric to the breakpoint on
39253 (Figure 5B). We additionally found 3 EST clones
(IMAGE nos. 1845365, 6104862, and 4668287) mapped
between the 3q25.3 breakpoint and the SITOX2 gene, one of
which (IMAGE no. 1845365) encoded an exon only 611 bp
distal to the breakpoint (Figure 5B), suggesting that it may
be the nearest transcriptome to the 3925.3 breakpoint.
Nucleotide sequencing of the full inserts of the two clones,
EST 1845365 and EST 6104862, indicated that the clones
represented different splicing variants of the same gene. We
examined the expression levels of all these transcriptomes in
the HIG cell line as well as in other human hematopoietic
cell lines, including THP1, U937, KCL22, and P30OHK, by
Northern blot analyses and/or RT-PCR analyses, but none of
the transcriptomes were aberrantly expressed in the HIG cell
line {data not shown), showing that the potential transcrip-
tomes at or near the breakpoints at 1p36.3 and 3g25.3 were
not deregulated by this t{1;3){(p36.3;q23.3) translocation.
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Figure S. Physical maps of the chromosomal breakpoints at 1p36.3 and 325.3 in the HIG cell line. A, Genomic sequences surrounding the break-
points of der{1)t(1;3){p36.3:q25.3). The breakpoint sequences are depicted in parallel with the corresponding germline sequences. Sacl sites are shown
by vertical lines. B, Transcriptomic units near the breakpoints at 1p36.3 and 3g25.3 in the IIG cell line. The breakpoints are shown by vertical arrows.
The positions of the expressed sequence tag clones and the genes [ocated near the breakpoints are presented. Their 5'-to-3" orientations are indicated

by horizontal arrows.

4, Discussion

We have established a novel human leukemic cell line
HIG from a unique case in which t(1;3}{p36,q26) emerged
as the sole chromosomal abnormality in addition to t(9;22)
{g34;q11) at the time of the blastic transformation of CML.
Noted were a marked elevation of the peripheral platelet
count and severe dysmegakaryocytosis, as are frequently
observed in the 3q21q26 syndrome and t(1;3)}{p36;q21)-
positive leukemias. No other additional chromosomal
abnormalities were detected at the time of cytogenetic evo-
lution, and the established cell line still retains der(1)t(1;3)
(p36:926), although t(9;22){q34;q11) was lost, suggesting
that the appearance of der(1)t{1;3){p36:q26) may have been
a critical event responsible for the dysmegakaryopaoiesis as

well as the transformation of CML to the acute phase in this
case. Thus, this cell line will be useful for investigating the
leukemogenic mechanism of this translocation.

Together with their similar clinical features, the 3g26 and
1p36 breakpoints in our case were also cytogenetically indis-
tinguishable from those found in 3q21q26 syndrome and
t(1;3){(p36;,q21)—positive leukemias in which the EVII and
MELI genes have been implicated {5-7,9]. However, the
molecularly determined breakpeints in the current case were
found to be quite distant from the EVI{ or MELT loci (>10
Mbp from EVII and >1 Mbp from MELI). This finding is
consistent with the fact that neither the EVII nor the MEL!
transcript was detected in the HIG cell line. Thus, leukemias
determined to have the I1p36 or 3q26 breakpoint by the con-
ventional Giemsa-band karyotyping technique may be more
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heterogeneous in terms of molecular breakpoints and target
genes and may even show a common clinical phenotype. It is
possible that a yet unknown gene other than EVI or MEL!
exists in 1p36.3 or 3925.3 and is relevant to progression of
leukemias with dysmegakaryopoiesis and thrombocytosis.

With regard to the target genes for the current case, we
searched extensively for transcriptional units located within
regions of as long as 150 kbp at or near the breakpoints at
1p36.3 and 3q25.3 and identified several genes and potential
transcriptomes as possible targets for this translocation.
Unfortunately, however, we failed to show any alteration of
these genes’ expression in the HIG cell line, and we could not
assess their expression in the original leukemic cells because
the samples were not available. These findings suggest that
the deregulation of the genes close to the breakpoints was
not responsible for leukemogenesis in this patient, but it is
likely that some unidentified genes more distant from the
breakpoints are the target and are deregulated by possible
remote effects. Supporting this hypothesis are observations
of the ability of translocations to affect gene expression over
distances of as far as 260 kbp, as has been demonstrated for
the MYC gene [22-24]. We speculate that the chromosomal
rearrangements in these cases may introduce an element that
affects chromatin structure so as to deregulate the expression
of the target genes, Further investigation to identify such crit-
ical genes in the current case is of great interest and is nowin
progress.
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Male predominance among Japanese adult patients with late-onset
hemorrhagic cystitis after hematopoietic stem cell transplantation
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Summary:

Late-onset hemorrhagic cystitis (LHC) after hematopoie-
tic stem cell transplantation (FISCT) is mainly caused by
viral infections. We retrospectively apalyzed the records
of 141 Japanese adult patients who underwent z first
allogeneic HSCT from 1995 to 2002. In all, 19 patients
developed LHC a median of 51 days after HSCT.
Adenovirus (AdVY) was detected in the urine of 10 LHC
patients, of whom eight had AdV type 11. Five of the six
available serum samples from these patients were also
positive for AdV fype 11, but the detection of AdV in
serum was not associated with a worse outcome. Male sex
and the development of grade II-IV acute graft-versus-
host disease were identified as independent significant risk
factors for LHC. Male predominance was detected in
LHC after IISCT, as has been previously shown in
children with AdV-induced zcute HC. The detection of
AdV DNA in serum did not predict a poor outcome,
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Hemorrhagic cystitis (HC) is a common complication after
hematopoietic stem cell transplantation (HSCT), with a
reported incidence of 7-70%.! In the HSCT setting, it is
well known that late-onset HC (LHC) is mainly attributed
to viral infection, whereas early-onset HC is mainly due to
the toxicity of cyclophosphamide. Adenovirus (AdV) type
11 is the prominent pathogen for LHC in Japan,®® while
BK virus (BKV)-associated LHC is frequently seen all over
the world.**

Several risk factors associated with LHC, including old
age, allogeneic HSCT, graft-versus-host-disease (GVHD),

Correspondence: Dr H Hirai, Department of Hematology & Oncology,
Graduate School of Medicine, University of Tokye, 7-3-1 Hongo,
Bunkyo-ku, Tokyo 113-8655, Japan. E-mail: hhirai-tky@umin.ac.jp
Received 24 January 2003; accepted 09 May 2003; published online 24
November 2003

and the use of busulfan in a conditioning regimen, have
been reported in several studies.!-*¢ However, most of these
risks have not been observed consistently. Furthermore, the
incidence and risk factors may differ among populations,
considering that LHC is mainly caused by viral infections.
In this study, we retrospectively analyzed the etiology and
risk factors of LHC in Japanese adult HSCT recipients.

Patients and methods

Study population

We analyzed the records of 141 consecutive adult patients
(>15 years old) who underwent conventional allogeneic
HSCT for the first time at the University of Tokyo Hospital
between June 1995 and May 2002. The median age was 35.0
years (range 16-59). Patients who received reduced-
intensity conditioning were not included in the study. In
all, 79 and 62 patients received graft from relatives and
unrelated donors, respectively. Unrelated HSCT was
performed exclusively using bone marrow, whereas 14
relatives donated a peripheral blood stem cell graft.
In total, 47 patients received an HLA-mismatched graft.
The underlying disease was acute myeloblastic leukeria
(AML) in 32, acute lymphoblastic leukemia (ALL) in 36,
chronic myelogenous leukemia (CML) in 42, myelodys-
plastic syndrome (MDS) in 15, non-Hodgkin's lymphoma
(NHL) in eight, aplastic anemia (AA) in seven, and adult
T-cell leukemia/lymphoma (ATL) in one. Acute leukemia
in first remission, CML in first chronic phase, MDS with-
out leukemic {ransformation, NHL in complete response,
and AA were defined as low-risk disease.

Transplantation procedure

The preparative regimen was mainly either cyclophosphamide
at 120 mg/kg with busulfan at 16 mg/kg or cyclophosphamide
at the same dose with total body irradiation at 1200cGy.
Mesna was administered at 400-800mg three times a day
with hyperhydration to prevent cyclophosphamide-induced
HC. Prophylaxis against GVHD consisted of cyclosporine
or tacrolimus combined with short-term methotrexate.

As herpes simplex virus prophylaxis, acyclovir was given
1000 mg/day orally or 750mg/day intravenously from
days —7 to 35 after HSCT. Pre-emptive therapy against
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cytomegalovirus (CMV) was performed by monitoring
CMV antigenemia weekly after engraftment.

Definition of LHC and samples for virus detection

To exclude regimen-related HC, only patients who devel-
oped macroscopic hematuria or sustained microhematuria
for more than 14 days with clinical signs of cystitis de novo
at least 10 days after HSCT and who did not have a
tendency for generalized bleeding or bacteriuria were
considered to have LHC. The severity of LHC was graded
according to previously reported criteria;' mild: sustained
microscopic hematuria, moderate: gross hematuria and
dysuria with or without clots, and severe: passage of clots
with bladder pain requiring irrigation or the presence of
complications including urinary tract obstruction and renal
dysfunction requiring surgical intervention or chemical
coagulation. Urine samples from all of the 19 patients with
LHC were subjected to the following analyses to detect
viral infections. Available frozen serum samples from six
patients were also analyzed.

Urine viral culture

A volume of 2ml of urine was centrifuged overnight at
20000z and the sediment was cocultured with Hep-2 cells
for up to 4 weeks. When a cytopathic sign of viral infection
was observed, the viral species were identified using
monoclonal antibodies against AdV,

PCR of urine samples

After 2ml of a urine sample was centrifuged at 15000g for
1l at 4°C, DNA was extracted from the sediment using
a GIAmp DNA Blood Mini Kijt (QIAGEN, Hilden,
Germany). On the other hand, 200yl of serum sample
was directly applied 1o the kit to extract DNA. Next,
Sug of purified DNA was subjected to a PCR assay
using a GeneAmp Kit and GeneAmp PCR System 9600
(Perkin-Elmer, NJ, USA) with the following primers;
ADI858 (S-tccageaacttcatgtccatge-3) and AD  185A
(5-lcgatgacgecgeggt-3) to screen for AdV  infection,
ADIIBEKOS (5-aatacaactggtgaggaacacgtaacag-3), ADI1I-
BXUA (5-ccgeatcaaanaactccatgtepatateat-3), ADIIBXIS
(5-tggaagtttcagatgaagaaaglaaaccga-3), and ADIIBTIA
(5-canaggacccgtageatggtite-3) for AdV type |1l-specific
nested PCR, and BKV-1 (5-gcaagtgecaaaactactaat-3) and
BKV-2 (5-tgcatgaagpitaageatge-3) to detect BKV infection.
The size of the final products was confirmed by 3% agarose
gel electrophoresis. The sensitivities of the PCR assay to
screen AdV infection, Adv type 11-specific PCR, and BKV
PCR were 200, 50, and 200 copies/ml, respectively.

Statistical analysis

The cumulative incidence of LHC and the impact of risk
factors on LHC were evaluated using Grays method,
considering death without LHC as a competing risk.”
Possible pretransplant factors analyzed in this study
included age, sex, donor, graft source, risk of primary
disease, and the use of busulfan in the preparative regimen.

Bone Marrow Transplantation
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To evaluate the influence of the development of grade 1I-IV
acute GVHD, proportional hazard modeling was used,
treating the development of acute GVHD as a time-
dependent covariate. Factors associated with at least
borderline significance (P < 0.10) in the univariate analyses
were subjected to a2 multivariate analysis using backward
stepwise proportional-hazard modeling. P-values of less
than 0.05 were considered statistically significant,

Results

The incidence of LHC

In all, 19 patients developed LHC with a median onset of
51 days (range 11-380) after HSCT, with a 2-year
cumulative incidence of LHC of 14.2%. All but one of
the patients with LHC were male. Eight, nine, and two
patients had severe, moderate, and mild LHC, respectively.
The median duration of symptoms was 35 days {range 3-
151). While LHC was mainly treated by supportive
modalities including hydration and/or blood transfusions,
seven patients required bladder irrigation and two received
antiviral agents including cidofovir and vidarabine.

Clinical outcome of LHC patients

Nine of the 19 LHC patients died at a median of 57 days
{range 29-364) after the onset of LHC. The cause of death
was thrombotic microangiopathy in three, acute GVHD in
two, invasive aspergillosis in two, and interstitial pneumo-
nilis in two. Two of the nine patients developed
AdV pneumonia, which was not the major cause of death.
The 3-year actuarial survival rate among LHC patients was
only 27%.

Analysis of wrine and serum samples

AdV was detected in the urine samples of 10 LHC patients,
of whom eight had AdV type 11 (Table 1). Serum samples
were available in six of these eight patients and five of
them were also positive for AdV type 11. The outcome
of the patients with positive serum AdV DNA was similar
to that of the other LHC patients (the median dura-
tion of symptoms was 45 days and three died due
to unrelated causes). BKV was detected in the urine
of 10 LHC patients, but six of them also had AdV type
11 infection.

Risk factors for LHC

Among the possible confounding factors, only the male sex
and the development of grade II-IV acute GVHD were
identified as significant risk factors for LHC by a univariate
analysis (Table 2, Figure 1). These two factors were
confirmed to be independently significant by proportional
hazard moedeling, with relative risks of 7.52 (95% CI; 1.00-
56.4, P=0.050) and 4.37 (95% CI, 1.65-11.6, P=:0.0031),
respectively.
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Table 2
hematopoietic stem cell transplantation

Influence of cenfeunding factors on the incidence of late-onset hemorrhagic cystitis after

Univariate analysis

Factors Variables Incidence (%) P-value
Pretransplant factors
Sex Male ¢(101) 18.7 0.020
Female (40} 2.5
Age < 35 (69) 11.7 0.53
=35 (12) 16.8
Risk of primary disease High (63) 15.4 0.76
Low (78) 133
Donor Related (79) 10.6 0.17
Unrelated (62) 18.8
Graft source Bone marrow (127) 14.7 0.52
Peripheral blood-(14) 10.0
Preparative regimen Containing busulfan {34) 152 0383
Not containing busulfan (1067) 139
Post transplant factor
Acute GVHD Grade 0-1 (80) 6.8 0.0029
Grade II-1V (6]) 24.1
Multivariate analysis
Facrors Relarive risk 95% CI P-value
Sex 7.52 1.00-56.4 0.050
{male vs female)
Acute GVHD 437 1.65-11.6 0.0031

{grade II-IV vs 0-T)

Numbers in parentheses show the number of patients in each group. GVHD = graft-versus-host disease,

CI = confidence interval.

1.0
0.8 <
2
= 0.6
L
1]
e
& 044
0.2 Male
/_FF Female
0.0 + il
T T T
4] 500 1000 Days

Figure 1 Cumulative incidence of late-onset hemorrhagic cystitis after
hematopoietic stem cell transplantation in male and female patients.

Discussion

In this population, the cumulative incidence of LHC
was 14.3% and approximately half of the LHC patients
had AdV infection. Male sex and the development of
acute GVHD were identified as independent risk factors
for LHC. While patients who developed LHC showed
poor survival, the severe background clinical status,
rather than LHC itself, appeared to be responsible for
the poor outcome. The incidence of LHC in our
series was almost the same as that of Japanese adult
HSCT recipients reported by Miyamura et «/* and
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Akiyama er al.? In contrast, Kondo er af reported that
a lower incidence of LHC in Japanese pediatric HSCT
recipients,

The development of grade II-IV acute GVHD was
identified as an independent risk factor for LHC. Among
the 13 LHC patients who developed acute GVHD, only one
did so after the onset of LHC. This patient had received
steroid pulse therapy against engraftment syndrome before
he developed LHC. The median dose of corticosteroid and
the median absolute lymphocyte count at the onset of LHC
were 75mg/day and 264/mm®. These findings suggest that
immunosuppression due to the development of acute
GVHD and/or the use of steroid might be responsible for
the development of LHC.

AdV was isolated by means of viral culture and/or PCR
in 53% of the urine specimens of LHC patients, and most
of the isolates were classified as AdV type 11. The incidence
of AdV-associated LHC in our group of patients agreed
with that in the previous reports from Japan, but was much
higher than that in reports from the West.** The relation-
ship between- BK'V infection and the development of LHC
has been reported to be unclear.* BKV was frequently
detected in the urine of non-LHC patients, whereas AdV
was almost exclusively detected in LHC patients in a
previous Japanese study.® In this study, four of the eight
patients with AdV type 11 LHC were coinfected with BKV.
However, neither the severity of LHC (three severe and one
moderate in both groups) nor the outcome (two died
and two are alive in both groups) was different between
BKV-positive and -negative groups. We used a qualitative



