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Figure 4. Enhancement of the ALA-induced accumulation of proto-
porphyrin and photodamage by knockdown of HO-1 and HO-2. (A)
The cells (5 x 10%) transfected with HO-1 and HO-2 siRNAs were
cultured for 48 h, followed by incubation with 1 mm ALA for 16 h.
The cellular protein from the cells as above was analyzed by SDS-
PAGE. Immunoblots of HO-1 and HO-2 were carried out; (B)
Porphyrin was extracted and determined; (C) Effect of double
knockdown of HO-1 and HO-2 on the photodamage. The cells treated
with HO-1/-2 siRNAs in combination were irradiated. The survival of
cells was examined by MTT assay. Data are the mean & SD of three
to four independent experiments.

control (Fig. 6C). Without irradiation, virtually no photo-
damage was observed. These results indicated that the decrease
of the supply of iron in mitochondria led to the enhancement
of ALA-induced photodamage.

DISCUSSION

This study demonstrated that the increased expression of
heme-biosynthetic enzymes, including PBGD, UROS and
CPOX in HeLa cells increased the accumulation of ALA-
induced protoporphyrin and photodamage. The increased
expression of PPOX did not have any effect. In cells highly
expressing FECH, the accumulation of protoporphyrin
decreased, presumably due to insertion of ferrous ions into
protoporphyrin, which was consistent with our previous
findings (7,8) that the accumulation of protoporphyrin was
inversely correlated with the expression of FECH. Recently,
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Figure 5. Effect of the expression of frataxin and mitoferrin-2 on the
ALA-induced protoporphyrin and photodamage. HeLa cells (5 x 10°)
were transfected with pcDNA3-frataxin or pCG-C-mitoferrin-2 and
incubated for 16 h. The cells were then incubated with 500 um and
1 mm ALA for 8 h. (A) Immunoblots. Cellular proteins from the cells
as treated above were analyzed by SDS-PAGE, followed by immuno-
blotting with anti-frataxin and anti-HA, as the primary antibodies;
(B) The porphyrin was extracted and measured; (C) Photodamage. The
cells treated as above were irradiated. The survival of cells was
examined by MTT assay. Data are the mean & SD of three to four
independent experiments.

other investigators applied FECH siRNA to enhance ALA-
PDT in glioma of septum and found a high efficacy of ALA-
PDT in vivo (30). On the base of the fact that FECH deficiency
leads to the accumulation of protoporphyrin leading to the
inherited disease erythropoietic protoporphyria (31), the
decrease of FECH activity is closely related to ALA-PDT. In
addition to the decrease of FECH activity, it is reported that



) ]
| Frataxin
AT i sl GAPDH
ontrol siRNA  Frataxin siRNA
| Mitoferrin2
| GAPDH
Control siRNA Mitoferrin2 siRNA '
(B)
30
:-—f 25
3
e 2
g
8 15
£
210
e
o
g 5
o
o, . .
Control siRNA Frataxin siRNA Mitoferrin2 siRNA
(C)120
C1 light (-)
light (+
100 § ght (+) T
-~ 80
X
S w}
4
=
f 40 ¥
©
(&]
20
0 1 L

Control siRNA Mitoferrin2 siRNA

Figure 6. Enhancement of the ALA-induced accumulation of proto-
porphyrin and photodama%e by knockdown of frataxin and mitofer-
rin-2. (A) The cells (5 x 10°) transfected with frataxin or mitoferrin-2
siRNA were cultured for 48 h, followed by incubation with 1T mm ALA
for 16 h. RNA was isolated from the cells treated as above. RT-PCR
was performed to estimate the levels of frataxin and mitoferrin-2
mRNAs; (B) Porphyrin was extracted and determined; (C) Photo-
damage. The cells treated as above were irradiated. Surviving cells
were examined by MTT assay. Data are the mean & SD of three
independent experiments.

Frataxin siRNA

the treatment of prostate cancer cells with methotrexate, an
anticancer reagent, resulted in an increase in ALA-induced
PDT with concomitant elevation of CPOX (32). Sinha et al.
(33) reported that up-regulation of CPOX enhanced ALA-
PDT of prostate cancer cells. Our results support this effect of
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CPOX expression on ALA-PDT because the transfection of
the cells with CPOX-expression plasmid caused an increase in
the ALA-induced photodamage. Hinnen et al. (34) and Krieg
et al. (35) reported that an increase in the expression of PBGD
in adenocarcinoma cells was related to the hypersensitivity of
ALA-PDT, suggesting that the elevation of PBGD in cancer-
ous cells might be a useful parameter for predicting the
accumulation of protoporphyrin. We found that the augmen-
tation of PBGD expression caused an increase in the ALA-
induced accumulation of protoporphyrin and photodamage.
Thus, the elevation of the level of heme-biosynthetic enzymes,
including PBGD, UROS and CPOX could be responsible for
the high accumulation of protoporphyrin in tumor cells. In
addition, considering that silencing of ALA-dehydratase
caused the decrease of ALA-induced accumulation of proto-
porphyrin (36), ALA-dehydratase seems to play a role for
ALA-PDT.

The results in our study supported the findings of previous
studies that the supply of iron and the reuse of iron from heme
by HO reduced the ALA-induced accumulation of protopor-
phyrin (27). Here, we demonstrated that the induction of HO-1
by hemin and heavy metal ions decreased the accumulation. It
is possible that the decrease of the accumulation can be due to
the heavy metal toxicity as the intoxication by heavy metal
ions caused the reduction of ALA-induced accumulation of
protoporphyrin (37). On the other hand, Sn-PP, an inhibitor of
HO but not Co-PP, a substrate of HO, increased the ALA-
induced accumulation of protoporphyrin (Fig. 2A). Further-
more, the expression of HO-1 in HeLa cells was shown to be
inversely related to the ALA-induced accumulation of proto-
porphyrin (Fig. 3B). The increased expression of HO-2 also
decreased the accumulation, and knockdown of the expression
of HO-1/-2 in HeLa cells resulted in a marked enhancement of
the photodamage (Fig. 4C). Thus, iron generated by HO-1 as
well as HO-2 is reused for the iron-chelating reaction by
FECH. As such, challenge of HO-1 and HO-2 siRNA may
facilitate for the enhancement of ALA-PDT for tumors.

Some researchers (13) showed that the ALA-induced
phototoxicity was variable among cancer cell lines even when
knockdown of HO-1 in several cells by siRNA was carried out,
and suggested that the level of HO-1 was unrelated to ALA-
PDT. However, the contribution of HO-2 in ALA-PDT was
not examined. We found that expression of HO-2 as well as
HO-1 decreased the accumulation of protoporphyrin in the
presence of ALA, whereas deficiency of HO-2 or HO-1 in
HeLa cells increased the accumulation. In addition to the
decreased expression of FECH in tumor cells, the low
expression of HO-1/-2 in cancer cells may be linked to
hyperphotosensitivity derived from ALA. Therefore, the
decrease of HO function can cause the ALA-induced accumu-
lation of protoporphyrin. Alternatively, we have shown that
HO-1 is markedly induced not only by chemicals that produce
oxidative stress involving the generation of reactive oxygen
species but also by the substrate heme (28,29), and that HO-1
in ALA-treated cells was induced in time- and dose-dependent
manners, and the induction of HO-1 was seen in the
protoporphyrin-accumulated cells (8). It is considered that
uncommitted heme in the cells is very dangerous for the
maintenance of living systems, and reutilization of iron,
including degradation of heme, catalyzed by HO, is essential
for the homeostasis of iron in cells (9). By the treatment of cells
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with ALA, excess heme produced from ALA may induce
HO-1. Tt was also possible that the accumulated protopor-
phyrin generates reactive oxygen species via autoxidation (38),
which leads to the induction of HO-1. On the basis of the fact
that HO degrades heme, producing iron, CO and biliverdin
(12), the supply of iron for its reutilization reduced the
protoporphyrin and high level of HO-1 in tumor cells may be
responsible for their resistance to anticancer treatment. In
contrast, the iron supply was stopped by the inhibition of the
HO reaction with Sn-PP, leading to an increase in the
production of protoporphyrin. The photosensitivity caused
by the ALA-dependent accumulation of protoporphyrin was
different among tumor cells. One of the reasons to explain the
different photosensitivity may be the different rates for the
production of heme and the degradation of heme in species of
tumor cells.

It is well known that iron metabolism in mitochondria is
different between normal and cancerous cells. Among mole-
cules involved in mitochondrial iron metabolism, mitoferrin-2
functions in the import of mitochondrial iron in nonerythroid
cells (16). Reduction of mitoferrin-1/2 levels by RNA inter-
ference resulted in the decrease of mitochondrial iron and
heme synthesis (16). Mutation of erythroid-type mitoferrin in
zebrafish caused defects in hemoglobinization (16). The
present data revealed that knockdown of mitoferrin-2 in HelLa
cells led to the increase in the ALA-induced accumulation of
protoporphyrin and enhancement of photodamage. On the
other hand, transient expression of mitoferrin-2 in HeLa cells
decreased the ALA-induced accumulation of protoporphyrin,
which showed the increased availability of iron for the reaction
of FECH. Although no study on whether the expression of
mitoferrin-2 in cancerous cells is reduced has been reported, it
is possible that the function of mitoferrin-2 can be impaired in
transformed cells.

The overexpression of mitochondrial frataxin in cancer cells
decreased ROS production and induced mitochondrial func-
tions, including respiratory, membrane potential and ATP
content (39). It is reported that several cancer cells do not
express detectable frataxin, but untransformed cells produce
frataxin (40). Thus, the reduction of the function of frataxin in
cancerous cells lead to the decrease of mitochondrial function
and may contribute to enhancement of cancer-specific ALA-
PDT. HeLa cells used in this study produced detectable
frataxin and transient overexpression of frataxin did not affect
ALA-induced accumulation of protoporphyrin, suggesting
that the expression of frataxin in control HeLa cells can be
enough to maintain iron metabolism in mitochondria. The
expression of frataxin in frataxin-deficient tumor cells may
reduce ALA-PDT. On the other hand, knockdown of frataxin
led to an increase in the ALA-induced photodamage with the
accumulation of protoporphyrin. Frataxin is an iron-chaperon
and plays an essential role in Fe-S cluster biogenesis in
mitochondria (39). Considering that FECH is an Fe-S cluster-
containing protein and the expression level of FECH is
dependent on the intracellular level of iron (41), a loss of
function of frataxin decreases the level of FECH, leading to
enhancement of ALA-PDT. In contrast, Schoenfeld et /. (17)
reported that lymphoblasts of frataxin-knockout mice were
protected from ALA-induced phototoxicity by the reduced
expression of CPOX. The different effect of frataxin deficiency
on ALA-induced photodamage can be due to different

metabolic regulations of mitochondrial iron utilization
between normal and cancerous cells. Thus, the present study
revealed important roles of multiple factors such as porphyrin
synthesis, iron reutilization and mitochondrial iron meta-
bolism for characteristics of tumor-specific ALA-dependent
accumulation of protoporphyrin. Further systematic studies
should shed light on the mechanism of resistance against PDT
and overcome the limitation in clinical application for various
carcinoma cells.
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Background

Although the therapeutic outcome of acquired aplastic anemia has improved markedly with
the introduction of immunosuppressive therapy using antithymocyte globulin and
cyclosporine, a significant proportion of patients subsequently relapse and require second-line
therapy. However, detailed analyses of relapses in aplastic anemia children are limited.

Design and Methods

We previously conducted two prospective multicenter trials of immunosuppressive therapy for
children with aplastic anemia: AA-92 and AA-97, which began in 1992 and 1997, respectively.
In this study, we assessed the relapse rate, risk factors for relapse, and the response to second-
line treatment in children with aplastic anemia treated with antithymocyte globulin and
cyclosporine.

Results

From 1992 to 2007, we treated 441 children with aplastic anemia with standard immunosup-
pressive therapy. Among the 264 patients who responded to immunosuppressive therapy, 42
(15.9%) relapsed. The cumulative incidence of relapse was 11.9% at 10 years. Multivariate
analysis revealed that relapse risk was significantly associated with an immunosuppressive
therapy regimen using danazol (relative risk, 8.15; P=0.001) and non-severe aplastic anemia
(relative risk, 2.51; P=0.02). Seventeen relapsed patients received additional immunosuppres-
sive therapy with antithymocyte globulin and cyclosporine. Eight patients responded within 6
months. Seven of nine non-responders to second immunosuppressive therapy received
hematopoietic stem cell transplantation and five are alive. Eleven patients underwent
hematopoietic stem cell transplantation directly and seven are alive.

Conclusions

In the present study, the cumulative incidence of relapse at 10 years was relatively low com-
pared to that in other studies mainly involving adult patients. A multicenter prospective study
is warranted to establish optimal therapy for children with aplastic anemia.
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Introduction

Aplastic anemia (AA) is thought to be an immune-
mediated bone marrow disease, characterized by bone
marrow aplasia and peripheral blood pancytopenia.
Currently, two effective treatments are available for this
disorder: allogeneic bone marrow transplantation and
immunosuppressive therapy. Bone marrow transplanta-
tion from a human leukocyte antigen (HLA)-matched sib-
ling donor can cure the majority of transplanted patients
with severe AA."' The outcome after bone marrow trans-
plantation has been markedly better in children than in
adults, with less frequent and severe graft-versus-host dis-
ease and better overall survival.*® However, most children
with severe AA have no matched sibling donor and rely
on immunosuppressive therapy as first-line treatment.

The combination of antithymocyte globulin and cyclo-
sporine is now considered the standard immunosuppres-
sive regimen for children with severe AA who lack a
matched sibling donor.* Recent large trials of combined
immunosuppressive therapy for severe AA in children
demonstrated that the response rate is greater than 60%
and the 3- to 5-year survival rate is approximately 90%.%
” However, relapse and clonal evolution with transforma-
tion to myelodysplasia or acute myeloid leukemia remain
significant problems after immunosuppressive therapy,
and long-term, event-free survival is less impressive than
after bone marrow transplantation.*® We previously
reported the results of a multicenter trial of immunosup-
pressive therapy for children with AA (AA-92 study).” In
the AA-92 study, the response rate at 6 months was 71%,
with the probability of survival at 4 years being greater
than 90%. However, a significant proportion of patients
subsequently relapsed and required second-line therapy.
To select the optimal therapy for such patients, a detailed
analysis concerning relapse after response to immunosup-
pressive therapy is very important; however, analyses of
relapse of AA in children after the standard combined
immunosuppressive regimen are very limited.”M
Although the European Group for Blood and Marrow
Transplantation (EMBT) reported an analysis of relapse of
AA after immunosuppressive therapy in a large number
of patients, the study populations were primarily adults
treated in the 1970s and 1980s with antithymocyte glob-
ulin monotherapy.” A report from the Italian Association
of Pediatric Hematology and Oncology focused mainly
on the response to cyclosporine and dependence after
immunosuppressive therapy.'” A single-center retrospec-
tive analysis from the National Institutes of Health
showed excellent long-term survival with a 33% cumula-
tive incidence of relapse at 10 years in children with
severe AA who responded to the standard immunosup-
pressive therapy; however, a detailed analysis of relapse
that included risk factors was not provided.

We previously conducted two prospective multicenter
studies: the AA-92 and AA-97, which began in November
1992 and October 1997, respectively.®” From 1992 to
2007, 473 children with AA were treated with immuno-
suppressive therapy in these studies, and 441 of the chil-
dren were treated with antithymocyte globulin plus
cyclosporine. In the present study, we assessed the
relapse rate, risk factors for relapse, response to second-
line treatment, and prognosis after relapse in AA children
treated with an antithymocyte globulin/ cyclosporine-
based regimen.

Design and Methods

Patients

Two consecutive prospective studies were designed by the
Japan Childhood Aplastic Anemia Study Group and involved 79
hospitals in Japan. The eligibility criteria have been described
previously.” The severity of disease was determined according to
currently used criteria.’®** Disease was considered severe if at
least two of the following were present: (i) neutrophil count less
than 0.5x10%L; (i) platelet count less than 20x10°/L; and (iii)
reticulocyte count less than 20x10°/L with a hypocellular bone
marrow. AA was considered very severe if the above criteria for
severe disease were fulfilled and the neutrophil count was less
than 20x10°%/L. Non-severe disease was defined by at least two of
the following: (i) neutrophil count less than 1.0x10%/L, (ii) platelet
count less than 50x10°/L; and (iii) reticulocyte count less than
60x10°/L with a hypocellular bone marrow. Allogeneic bone mar-
row transplantation was recommended for those patients with
severe or very severe disease who had a matched sibling donor.
This study was approved by the Ethic Committee of Hyogo
Children Hospital.

Treatment

The details of the immunosuppressive therapy administered
were described in previous reports.> Immunosuppressive thera-
py consisted of horse antithymocyte globulin (Lymphoglobulin;
Genzyme Corp., Cambridge, MA, USA) (15 mg/kg per day, days
1 to 5), cyclosporine (6 mg/kg per day, days 1 to 180, with subse-
quent adjustments to maintain the whole blood cyclosporine
concentration between 100 to 200 ng/ml), and methylpred-
nisolone for prophylaxis against allergic reactions (2 mg/kg per
day for 5 days, with subsequent halving of the dose every week
until discontinuation on day 28). Patients with very severe AA
were treated with immunosuppressive therapy plus granulocyte-
colony stimulating factor (G-CSF) (Filgrastim; Kirin, Tokyo,
Japan) [400 pg/m?® on day 1, with responding patients (neutrophil
count > 1.0x10°/mlL) receiving the same dose three times a week
for 3 months in the AA-92 study and for 60 days in the AA-97
study]. In the AA-92 study, the addition of G-CSF to immunosup-
pressive therapy for patients with severe AA and non-severe AA
was randomized, while in the AA-97 study, G-CSF was not given
to patients with severe AA or non-severe AA except to those
with documented severe infection. All patients in the AA-92
study received danazol at a dose of 5 mg/kg/day for 6 months,
and danazol was discontinued without tapering.

Assessments

A complete response was defined for all patients as a neu-
trophil count greater than 1.5x10%L, a platelet count greater than
100x10%/L, and a hemoglobin level greater than 11.0 g/dL. For
patients with severe AA and very severe AA, a partial response
was defined as a neutrophil count greater than 0.5x10°/L, a
platelet count greater than 20x10%/L, a hemoglobin level greater
than 8.0 g/dL, and no requirement for blood transfusions. For
patients with non-severe AA, a partial response was defined as a
neutrophil count greater than 1.0x10°%L, a platelet count greater
than 30x10°/L, a hemoglobin leve] greater than 8.0 g/dL, and no
requirement for blood transfusions.’ In patients with a complete
response on day 180, the cyclosporine dose was tapered down
slowly (10% of adjusted dose per month). In those with a partial
response, cyclosporine was continued for another 6 months to
allow further improvement of blood counts. Tapering of
cyclosporine was started on day 360 (10% every 2 weeks) regard-
less of response.

The hematologic response was evaluated 6 months after the




initiation of therapy. Relapse was defined by conversion to no
response from a partial or complete response and/or the require-
ment for blood transfusions.’

Statistical analysis

Failure-free survival curves were calculated by the Kaplan-
Meier method, and evaluated by the log-rank test. The Cox pro-
portional hazards model was used to assess the risk factors for
relapse after immunosuppressive therapy using both univariate
and multivariate analyses. The estimated magnitude of the rela-
tive risk (RR) is shown along with the 97.5% confidence interval
(CD). Cumulative incidence using the competing risk method, as
described by Fine and Gray,"® was used for the assessment of fac-
tors predicting relapse. The competing events of relapse were
death and transplantation.

Results

Patients’ characteristics

In the AA-92 and AA-97 studies, 441 AA children were
treated with antithymocyte globulin plus cyclosporine
between 1992 and 2007. The characteristics of all the
patients studied are summarized in Table 1. There were
112 and 329 patients in the AA-92 and AA-97 studies,
respectively. The median age of all these patients was 8.3
years (range, 0 to 17 years). Patients with very severe
(n=210), severe (n=149) and non-severe disease (n=82)
received initial immunosuppressive therapy consisting of
antithymocyte globulin and cyclosporine. Six months
after the initial immunosuppressive therapy, 264 patients
(59.9%) had achieved a complete response (n = 91) or par-
tial response (n=173). Among the 264 patients who
responded to immunosuppressive therapy, 42 (15.9%)
subsequently relapsed. The cumulative incidence of
relapse was 11.9% at 10 years and the median time from
diagnosis to relapse was 21 months (range, 6 to 138
months). The median time from response to antithymo-
cyte globulin therapy to relapse was 22 months (range, 2
to 135 months).

Risk factors for relapse

Two hundred and sixty-four patients with a total of 42
events were eligible for analyses of risk factors for relapse.
In univariate analysis, two parameters, non-severe disease
(RR=2.98, 97.5% CI 1.40 - 6.34, P=0.0047) and use of
danazol (RR=3.44, 97.5% CI 1.78 - 6.65, P=0.00023), were
statistically significant risk factors (Table 2). In contrast,
the relative risk of relapse for patients with post-hepatitis
AA was significantly lower than the relative risk for
patients with idiopathic AA (RR=0.234, P=0.043). Gender,
age, duration of AA prior to initial treatment, early
response (within 90 days after immunosuppressive thera-
py), use of G-CSE and HLA-DR2 could not be identified as
risk factors. In multivariate analysis, two factors, non-
severe AA (RR=2.51, 97.5% CI 1.15 - 5.46, P=0.02) and
use of danazol (RR=3.15, 97.5% CI 1.62 - 6.12, P=0.001)
remained statistically significant. Figure 1A shows the
cumulative incidence of relapse of patients with non-
severe AA (35.3%), severe AA (12.9%), and very severe
AA (12.0%) 10 years after the first immunosuppressive
therapy. The cumulative relapse rate of patients with non-
severe AA was significantly higher than that of patients
with severe AA (P=0.025) or very severe AA (P=0.005).
Figure 1B shows the actuarial risk of relapse at 10 years

among patients treated with danazol (29.0%) and in the
group not treated with danazol (9.8%) (P<0.001).

Repeated immunosuppressive therapy versus
hematopoietic stem cell transplantation
as second-line therapy

Among 42 relapsed patients, 17 received a second course
of immunosuppressive therapy with antithymocyte globu-
lin and cyclosporine. Eight of these 17 patients responded
within 6 months and are alive. Seven of nine non-respon-
ders to second immunosuppressive therapy received
hematopoietic stem cell transplantation (HSCT) as salvage
therapy. The hematopoietic stem cell donors were HLA-
matched unrelated bone marrow donors (n=4), unrelated
cord blood donors (n=2) and one matched sibling donor.
Five of seven patients are alive following HSCT. Eleven
patients underwent HSCT directly from an alternative
donor (unrelated bone marrow donor, n=7; unrelated cord
blood donor, n=1, HLA-mismatched family donor, n=3)
and seven are alive. The estimated failure-free survival
from the beginning of second-line therapy was 63.6% in
the HSCT group compared with 47.1% in the groups treat-
ment with repeated immunosuppressive therapy (P=0.96).

Table 1. Patients’ pretreatment characteristics.
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Table 2. Risk factors for relapse in patients with aplastic anemia by
univariate analysis.
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Figure 1. Cumulative inci-
dence of relapse after
immunosuppressive therapy
in children with aplastic ane-
mia. (A) The cumulative
relapse rate of patients with
non-severe aplastic anemia
(NSAA) was significantly high-
er than that of patients with
severe aplastic anemia (SAA)
(P=0.025) and very severe
aplastic anemia (VSAA)
(P=0.005) 10 years after the
first immunosuppressive
therapy. (B) The actuarial risk
of relapse at 10 years was
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The overall survival rate did not differ between the immu-
nosuppressive therapy group (84.7%) and the HSCT group
(63.6%) after second-line treatment (P=0.07). Other
patients were treated with cyclosporine alone (n=6) or
bone marrow transplantation from a matched sibling donor
(n=6). Two patients did not receive second-line treatments.
One patient developed clonal evolution to myelodysplastic
syndrome after 65 months, and the second developed acute
myeloid leukemia after 37 months. Two patients showed
clonal evolution to paroxysmal nocturnal hemoglobinuria
after 138 months and 55 months. There were seven deaths
among the 42 patients who initially relapsed. The causes of
death were HSCT-related complications (n=5), acute
myeloid leukemia (n=1) and bacteremia (n=1). The overall
10-year survival rates for patients with very severe AA,
severe AA, and non-severe AA were 82.2+3.3%,
82.124.7% and 98.2+1.8%, respectively.

Discussion

Analysis of relapse in children with AA responding to
immunosuppressive therapy will provide valuable informa-
tion for the management of childhood AA. Here, we pres-
ent the results of a comprehensive analysis of the largest
consecutive series of AA children treated with standard
immunosuppressive therapy. Relapse of AA after immuno-
suppressive therapy is relatively common, with actuarial
risks of 30 - 40% having been reported.'*® In the present
study, the cumulative incidence of relapse at 10 years was
11.9%, which is relatively low compared with that found
in other studies that primarily involved adult patients.'*®
Differences in the study populations may explain the dis-
crepancy between the results of our current study and
those of the other studies. A recent Italian study of child-
hood AA showed a 16% cumulative incidence of relapse,
which is comparable with that found in our study.”

Multivariate analysis of the data from this retrospective
multicenter study shows that the use of danazol was the
most statistically significant risk factor for relapse. From
1992 to 2007, 441 children with newly diagnosed AA
were treated with immunosuppressive therapy consisting
of antithymocyte globulin and cyclosporine with (the AA-
92 study) or without danazol (the AA-97 study). There are
several reports of the efficacy of anabolic steroids in the
treatment of AA. A randomized trial from the EBMT SAA
working party demonstrated that the addition of an ana-

T significantly higher in the
200 group treated with danazol
(29.0%) than in the group not
treated with danazol (9.8%)
(P<0.001).
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bolic steroid (oxymetholone) to antithymocyte globulin
treatment improved the response rate of patients with
treated AA.* In our study, consistent with that report, the
response rate at 6 months was higher in the patients who
received immunosuppressive therapy with danazol
(67.9%) than in the group of patients who received
immunosuppressive therapy without danazol (57.1%).
Furthermore, our results also showed that the cumulative
relapse rate was significantly higher in the patients treated
with immunosuppressive therapy plus danazol (Figure
IB). The reason danazol has an impact on relapse is
unknown. However, it is possible that a number of cases
with an androgen-responsive congenital bone marrow
failure syndrome such as dyskeratosis congenita were hid-
den in our series of AA patients, and discontinuation of
danazol was responsible for relapse. Recent reports have
shown that a bone marrow failure syndrome of variable
severity due to dyskeratosis congenita may be present in
otherwise phenotypically normal individuals, and can
masquerade as acquired AA.”* We found mutations in
the telomerase reverse transcriptase (TERT) gene, which is
one of the genes causing dyskeratosis congenita, in two of
96 Japanese children with acquired AA.*® Recently, more
dyskeratosis congenita genes have been discovered. It is
possible that more cases with an androgen-responsive
dyskeratosis congenita were hidden in our series of AA
patients. Alternatively, danazol may inhibit complete
eradication of pathological T-cell clones by antithymocyte
globulin through an unknown mechanism. Understanding
the effects of androgens and developing androgen-mimet-
ic drugs could be of significant benefit.

In our cohort of patients with non-severe AA, most
patients were transfusion-dependent. In the AA-92 and
AA-97 studies, 82 patients with non-severe AA were treat-
ed with the standard immunosuppressive regimen consist-
ing of antithymocyte globulin and cyclosporine. Six
months after the initial immunosuppressive therapy, 13
patients had achieved a complete response and 32 patients
achieved a partial response. Among the 32 patients who
achieved a partial response, 14 patients later relapsed.
However, 18 patients with non-severe AA patients who
achieved a partial response maintained their hematologic
response, and 12 of them subsequently achieved a com-
plete response. When childhood non-severe AA is treated
with supportive care, 67 % of patients progress to develop
severe AA, suggesting that it is important to consider eatly
immunosuppressive therapy.” Our data indicate that




immunosuppressive therapy is beneficial for some
patients with non-severe AA.

A previous Japanese study showed that the addition of
G-CSF to immunosuppressive therapy increased the
hematologic response rate after 6 months and reduced the
relapse rate in adult patients with severe AA.” Recently,
Gurion e 4l. conducted a systematic review and meta-
analysis of randomized controlled trials comparing treat-
ments with immunosuppressive therapy with or without
hematopoietic growth factors in patients with AA. The
addition of hematopoietic growth factors did not affect
mortality, response rate, or occurrence of infections, but
did significantly decrease the risk of relapse.” The data
from our AA-92 trial were included in this meta-analysis.
In contrast to the other five studies in the meta-analysis,
only our study included patients with non-severe AA,
who had a significantly higher relapse rate than that of
patients with either severe AA or very severe AA.
Differences in the study populations may explain the dis-
crepancy between the results of our current study and
those of the other studies in the meta-analysis. To com-
pare our results with the other studies, we excluded
patients with non-severe AA from the statistical analysis,
and compared the risk of relapse between patients who
did or did not receive G-CSE The results again showed no
significant differences in the relative risk between them
(RR=2.71, 97.5% CI 0.614 - 12.0, P=0.19).

The majority of patients who experienced relapse
responded to reintroduction of immunosuppressive
agents.” Our present study also demonstrates that a sec-
ond course of immunosuppressive therapy was a safe
and effective treatment for the patients who relapsed
after the first immunosuppressive therapy. However, an
optimal second immunosuppressive therapy regimen has
not yet been established. Furthermore, about half of the
relapsing patients eventually received HSCT in our
study. The treatment choice was based on center-related
preferences or on anecdotal evidence. A multicenter
prospective study is warranted to establish optimal ther-
apy for these patients.

Appendix

The following centers and persons participated in the Japan
Childhood Aplastic Anemia Study Group: Japanese Red Cross
Nagoya First Hospital (K. Kato); Kyoto Prefectural University of
Medicine (S. Morimoto); Kobe University School of Medicine (Y.
Takeshima); Hyogo College of Medicine (Y. Ohisuka); Tokas
University (H. Yabe); Shizuoka Children’s Hospital (J. Mimaya);
Fukushima Medical University (A. Kikuta); Tokyo Metropolitan
Children’s Medjcal Center, Tokyo (T. Kaneko); Osaka City
General Hospital (]. Hara); Nagoya University (S. Kojima) ; Jichi
Medical School (T. Yamauchi); Kagoshima University (Y.
Rawano); Okayama University (M. Oda); Hokkaido Univetsity
(R. Kobayashi); Hiroshima University (S. Nishimuta);
Kanazawa University (S. Koizumi); Keio University (T. Mori);
Hiroshima Red Cross Atomic Bomb Hospital (K. Hamamoto);
Chiba University (T. Sato); Hirosaki Unsversity (E. Ito); Teikyo
University School of Medicine (FE Ohta); Tottori Unsversity (T.
Rawakami); Dokkyo University School of Medicine (K. Sugita);
Rumamoto National Hospital (K. Takagy); Seirei Hamamatsu
Hospital (T. Matsubayashi); Hyogo Children’s Hospital (Y.
Kosaka); Yokohama City University (K. Ikuta); Yamaguchi
University (H. Ayukawa); Kanagawa Children’s Medical Center
(T. Kigasawa); Hirakata City Hospital (C. Kawakami);
Nakadohri General Hospital (A. Watanabe); Gumma Children’s
Hospital (T. Shitara); National Defence Medical College (I.
Sekine); Gifu University School of Medicine (K. Isogas);
Rumamoro University School of Medicine (S. Morinaga);
University of Ryukyu (N. Hyakuna); Natita Red Cross Hospital
(K. Sunami); Asahslkeawa Medical College (M. Yoshida); Nagoya
City University (Y. Ito).
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Letter to the Editor

CD7-positive acute myelomonocytic leukemia with trisomy 21
as a sole acquired chromosomal abnormality in two adolescents

1. Introduction

Trisomy 21 is one of the most common acquired chromosomal
abnormalities in myeloid malignancies, but is rarely found as a sole
anomaly. It has been reported that only 0.3% of adult patients with
acute myeloblastic leukemia (AML) or myelodysplastic syndrome
have trisomy 21 as a sole acquired abnormality [1]. Although sev-
eral reports indicate that this karyotypic abnormality is associated
with the French-American-British (FAB) AML subtypes M2, M4 and
M5 [2,3] and with a poor prognosis [3,4], its clinical and prognos-
tic implications have not been fully evaluated. Some investigators
have focused on the association between this chromosomal abnor-
mality and CD7 expression, and 4 adult patients with CD7-positive
AML have been reported so far [5-8]. Although one report includes
2 adolescent AML cases with trisomy 21 as a sole acquired abnor-
mality [3], there have been no reports on pediatric CD7-positive
AML patients with this anomaly. Here, we report 2 unique adoles-
cent cases of CD7-positive acute myelomonocytic leukemia with
trisomy 21 as a minor clone and as a sole acquired chromosomal
abnormality.

2. Case reports
2.1. Case1

A 15-year-old boy was admitted to our hospital in November
2006 because of fever and gingival swelling and bleeding. Find-
ings on physical examination included petechiae over the body
and hepatomegaly (5 cm below the costal margin). Examination of
the peripheral blood revealed the following: hemoglobin 8.3 g/dL,
platelets 15 x 10%/L, and leukocytes 227 x 10°/L with 40% blasts
and 8% monocytes (18.2 x 109/L). The bone marrow was hyper-
cellular with 96% blasts, which were positive for myeloperoxidase
but negative for non-specific esterase staining. Immunophenotypic
analysis by flow cytometry showed that the blasts were positive
for CD7, CD13, CD33, CD34, and HLA-DR expression and nega-
tive for lymphoid markers. Chromosome analysis of bone marrow
cells revealed 47,XY,+21[2]/46,XY[38]. The patient had no clini-
cal findings of Down syndrome. Interphase fluorescence in situ
hybridization (FISH) analysis using a specific probe for the RUNX1
gene labeled with Spectrum-Green plus a set of 3 probes for 21q22
(D21S5259, D21S341 and D215342) labeled with Spectrum-Orange,
showed that 26 out of 1000 bone marrow cells had 3 green and 3 red
signals (2.6%). Serum and urine lysozyme levels were 43.4 p.g/mL
(reference range, 5.0-10.2 p.g/mL) and 8.6 pg/mL (undetectable in
normal subjects), respectively. Although morphological analysis of
bone marrow cells was suggestive of a diagnosis of AML-M2 based
on the FAB classification, the final diagnosis was AML-M4 because

0145-2126/$ - see front matter © 2011 Elsevier Ltd. All rights reserved.
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of the increased number of peripheral blood monocytes and ele-
vated serum and urine lysozyme levels [9]. The patient was treated
with the AML-99 protocol [10] and achieved complete remission
after the first course of chemotherapy. Chromosome analysis of
the bone marrow cells showed a normal karyotype, 46,XY in all
20 cells analyzed. He received 5 additional courses of consolida-
tion chemotherapy, which was finished in June 2007. Trisomy 21
was never found on chromosome analysis performed after each
course of chemotherapy. He has remained in continuous complete
remission for 4 years after diagnosis.

2.2. Case2

A 14-year-old girl was referred to our hospital in April 2007
because of fever, nasal bleeding, and gingival swelling and bleed-
ing. On admission, petechiae were observed over the body, and the
liver and spleen were palpable 8 cm and 4 cm below the costal mar-
gin, respectively. Examination of the peripheral blood revealed the
following: hemoglobin 5.1 g/dI, platelets 4 x 10%/L, and leukocytes
73.1 x 109 /L with 56% blasts and 15% monocytes (11.0 x 109/L). The
bone marrow was hypercellular with 61% blasts, which were pos-
itive for myeloperoxidase but negative for non-specific esterase
staining. Surface marker analysis showed that the blasts expressed
CD7, CD13, CD33, CD34, and HLA-DR. Cytogenetic analysis of bone
marrow cells revealed 47,XX,+21[2]/46,XX[18]. The patient did not
manifest characteristics associated with Down syndrome. Inter-
phase FISH analysis using a probe for the RUNX1 gene showed
that 41 out of 1000 bone marrow cells had trisomy 21 (4.1%). The
serum lysozyme level was elevated at 43.1 p.g/mL, but lysozyme
was undetectable in urine. A diagnosis of AML-M2 was suggested
by the morphological findings of the bone marrow cells, but periph-
eral blood monocytosis and an elevated serum lysozyme level led
to a final diagnosis of AML-M4. The patient underwent induction
chemotherapy using the AML-99 protocol and achieved complete
remission after a single course of chemotherapy. Cytogenetic analy-
sis of bone marrow cells showed a normal female karyotype in all 20
metaphases analyzed. She was subsequently treated with 5 courses
of consolidation chemotherapy and completed therapy in Novem-
ber 2007. Trisomy 21 was never detected on chromosome analysis
performed after each course of chemotherapy. She has remained in
continuous complete remission for 3 years after diagnosis.

The clinical characteristics and laboratory data of the 2 patients
are summarized in Table 1. No mutations were detected in the
RUNX1 or GATAI genes in DNA from the patient’s bone marrow
cells (data not shown).

3. Discussion

We describe the first 2 pediatric CD7-positive AML cases with
trisomy 21 as a sole acquired abnormality. These cases shared sev-
eral unique clinical features. First, both patients were diagnosed
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Table 1
Clinical characteristics and laboratory data of the patients.
Case 1 Case 2
Age 15y 14y
Sex Male Female
WBC count (x10%/L) 227 73.1
FAB classification M4 M4
Non-specific Negative Negative
esterase staining
Monocyte count 18.2 11.0
(x10%/L)
Serum lysozyme 434 43.1
level® (pg/ml)
Urine lysozyme 8.6 Not detected

level® (pg/ml)

Immunophenotype CD7,13, 33, 34, HLA-DR CD7,13, 33,34, HLA-DR
Karyotype 47 XY,+21[2]/46,XY[38]  47,XX,+21[2]/46,XX[18]
Trisomy 21-positive 26/1000 cells 41/1000 cells

cells on FISH

analysis
CR after 1st course of Yes Yes

chemotherapy
Outcome CR, 4y after diagnosis CR, 3y after diagnosis

WBC, white blood cell; FAB, French-American-British; FISH, fluorescence in situ
hybridization; CR, complete remission.

2 Reference range, 5.0-10.2 pg/mL.

b Undetectable in normal subjects.

with AML-M4 based on the FAB classification because of their
peripheral blood monocytosis (>5 x 109/L) and elevated serum
and/or urine lysozyme levels (>3 x normal values), although blasts
in the bone marrow were negative for non-specific esterase and
were morphologically classified as AML-M2 [9]. Some reports have
suggested that AML with trisomy 21 as a single abnormality is asso-
ciated with AML-M2, -M4 and -M5 [2,3], but monocyte counts and
lysozyme levels were not discussed. Our findings indicate that eval-
uation of monocyte counts and serum/urine lysozyme levels are
important for correct FAB classification of AML with this karyotypic
abnormality.

Second, trisomy 21 was observed in only 2 out of the 40 or 20
bone marrow cells examined in Case 1 and 2, respectively, which
were much lower percentages than the percentages of morpho-
logically detected blast cells (96% and 61%, respectively). These low
fractions of trisomy 21-positive cells were confirmed by interphase
FISH analysis (2.6% and 4.1% in Case 1 and 2, respectively). We think
that a constitutional mosaic trisomy 21 (mosaic Down syndrome)
is not likely, because trisomy 21 was never found on serial cytoge-
netic analyses performed after remission in either patient (a total of
100 bone marrow cells were analyzed in each patient). These results
clearly show that most of the blast cells had normal karyotypes and
the blasts that had acquired trisomy 21 were minor clones in both
patients.

Third, both patients achieved complete remission after the first
course of chemotherapy and have remained in continuous com-
plete remission for 3-4 years after diagnosis. Although several
reports have indicated that this chromosomal abnormality is asso-
ciated with poor prognosis [3,4], the prognostic implications have
not been fully evaluated, because there are so few patients with
this anomaly. To confirm that pediatric CD7-positive AML with this
karyotypic abnormality has a favorable outcome, more patients
need to be studied.

In conclusion, we report the first 2 pediatric cases of CD7-
positive AML with trisomy 21 as a sole acquired chromosomal
abnormality. The patients shared some clinical features including
AML-M4 subtype, the presence of minor clones with trisomy 21,
and favorable outcomes, and they might have had a distinct subtype
of AML.
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Pathophysiology and Diagnosis of Inherited Sideroblastic Anemia

Hideo HARIGAE
Division of Hematology and Rheumatology, Tohoku University Graduate School of Medicine

Abstract Sideroblastic ancmia is characterized by anemia with ring sideroblasts, which arc formed by impaired iron
utilization in mitochondria. Inherited sideroblastic anemia (ISA) is a rare and heterogeneous discase caused by muta-
tions of gencs involved in heme biosynthesis, iron-sulfur (Fe-8) cluster biogenesis, Fe-S cluster transport, and
mitochondrial metabolism. There are two-types of ISA, i.e., the syndromic type and non-syndromic type. The most
common ISA is X-linked sideroblastic ancmia (XLSA), caused by mutations of the erythroid-specific J-
aminolevulinate synthase gene (ALAS2), which is the first enzyme of heme biosynthesis in erythroid cells. Reflecting
the function of 4L4S2, XLSA is the non-syndromic type. Sideroblastic anemia due to SLC25438 gene mutations,
which is speculated to be a mitochondrial transporter for glycine, is the next most common ISA, and its phenotype is
similar to that of XLSA. Other forms of inherited sideroblastic ancmia are very rare and most of them arc the
syndromic type, accompanicd by symptoms of the nervous system, muscle, or exocrine glands. Molecular analysis of
ISA will contribute to the understanding of mitochondrial iron metabolism.
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XLSA SA/SCL25A38 SA/GLRX5  XLSA/A PMPS MLSA TRMA
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XLSA: X-linked sideroblastic ancmia, XLSA/A: X-linked sideroblastic anemia with ataxia, PMPS: Pearson marrow-pancreas
syndrome, MLSA: mitochondrial myopathy and sideroblastic ancmia, TRMA: thiamine-responsive megaloblastic ancmia.
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