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1 | INTRODUCTION

Sideroblastic anemia is identified by the unique presence of
erythroid precursors in the bone marrow aspirate smear that
contain pathologic deposits of iron in mitochondria and are
called ring sideroblasts. Occurring as a broad spectrum of
erythropoietic disorders, in adults they are most often ac-
quired conditions (eg, in association with a myelodysplas-
tic syndrome, exposure to certain drugs and alcohol, and
copper deficiency), while in early life a congenital or in-
herited sideroblastic anemia (CSA) is most frequent and its
molecular basis can be established in over 50% of cases.'”
Recognized defects reside in the pathways of heme synthe-
sis, iron-sulfur cluster biogenesis, and mitochondrial pro-
tein translation. The most common CSA forms are X-linked
sideroblastic anemia due to mutations affecting the eryth-
roid heme synthesis enzyme 5-aminolevulinate synthase 2
(ALAS2) and the autosomal recessive sideroblastic ane-
mia due to mutations affecting the erythroid-specific mito-
chondrial inner membrane protein SLC25A38. Associated
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The case of an infant girl with severe congenital sideroblastic anemia associated with
a novel molecular defect in mitochondrial transporter SLC25A38 is presented. Her
transfusion dependence was fully reversed following allogeneic hematopoietic stem
cell transplantation using a modified reduced-intensity conditioning regimen, and

she remains healthy 5 years posttransplant.
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ineffective erythropoiesis leads to variably severe anemia
and usually systemic iron overload.

For severe, transfusion-dependent sideroblastic ane-
mia, treatment with hematopoietic stem cell transplantation
(HSCT) had been reported in the limited number of six cases
with apparent CSA although their molecular basis was not
known.*® More recently, a few anecdotal cases having iden-
tified molecular defects in SLC25A38 who were treated with
HSCT were briefly annotated.”® Here, we describe a patient
with CSA associated with novel mutations in the SLC25A38
gene and her treatment with HSCT using a novel prepara-
tive regimen consisting of busulfan, fludarabine, and alemtu-
zumab with the aim to reduce toxicity.

2 | CASE REPORT

We present the case of a Hispanic girl who was noted to
be pale since birth in 2009 and at 2.5 months of age exhib-
ited severe microcytic anemia with hemoglobin at 3.3 g/dL
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and mean red cell volume (MCV) of 57 fl; the red blood
cell (RBC) relative distribution width (RDW) was 31%,
and reticulocytes, 2.3%, and leukocyte and platelet counts
were normal. The blood smear showed marked microcyto-
sis, hypochromia, anisocytosis, and nucleated RBCs. At age
5 months, the marrow aspirate revealed mild erythroid hy-
perplasia and numerous ring sideroblasts (Figure 1). Serum
iron data were said to be normal as also erythrocyte protopor-
phyrins, blood chemistries, and various hematologic studies.
Her clinical phenotype was highly suggestive of autosomal
recessive CSA. In 2010, Sanger sequencing, targeting the
coding and flanking intronic regions of the SLC25A38 gene,’
disclosed a novel homozygous ¢.832C>T change resulting
in a stop codon at arginine 278 (Arg278X) of the protein
(Figure 2). Both parents and a sister are carriers (heterozy-
gous) for the mutation. Only distant consanguinity in the
family was evident in that the paternal grandmothers of the
patient’s parents were cousins.

The patient received RBC transfusions every 4-6 weeks
since infancy, and after age 15 months, when the serum fer-
ritin had reached 1700 ng/mL, deferasirox was also adminis-
tered. At age 4, when the liver iron by MRI was 5.3 mg/g dry
tissue and cardiac MRI T2-star was normal (41.5 ms), she
received a 6/6 matched sibling donor bone marrow infusion
with a nucleated cell dose of 5.43 x 10%kg. The conditioning
regimen consisted of busulfan (1.2 mg/kg every 6 hours for
4 days), fludarabine (40 mg/mQ/day for 4 days), and an in-
termediate dose of alemtuzumab (0.2 mg/kg/day for 5 days
from day -14 to day -10). Methotrexate (days +1, +3, and +6)
and tacrolimus were given for graft-vs-host disease (GVHD)
prophylaxis. She tolerated the transplant very well without
major complications. Leukocyte engraftment was present
on day +17 and a 100% donor chimerism on day +30. RBC
transfusion was no longer required after 1 month posttrans-
plant. Subsequently, monthly phlebotomy was performed for
6 months to reduce residual iron overload. At present, nearly

FIGURE 1
Prussian blue, showing two ring sideroblasts

The patient’s bone marrow aspirate stained with

5 years posttransplant, she is healthy with a hemoglobin of
12-14 g/dL.

3 | DISCUSSION
Among the nonsyndromic types of CSA so far characterized,
the autosomal recessive form due to molecular defects in the
glycine transporter SLC25A38 is most common in occur-
rence after X-linked sideroblastic anemia.” To date, biallelic
mutations in the SLC25A38 gene associated with CSA have
been reported in at least 40 probands or families.”'> Most
mutations are severe or complete loss-of-function mutations.
Severe anemia is typically found at birth or in early childhood
and requires lifelong transfusions. The burden of supportive
care includes iron chelation and avoidance of alloimmuniza-
tion and infection.

At present, definitive cure for this CSA form may be
attempted with allogeneic HSCT, but to date this thera-
peutic option remains anecdotal.”® HSCT has become an
established treatment for a variety of genetic diseases in
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FIGURE 2 Identification of the mutation in SLC25A38 by
direct sequencing. The patient (A) is homozygous for ¢.832C>T, and
the sister (B), mother (C), and father (D) are heterozygous for the
¢832C>T change
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childhood, namely thalassemia major, sickle cell anemia,
Wiskott-Aldrich syndrome, Fanconi’s constitutional hy-
poplastic anemia, lysosomal storage diseases, and severe
combined immunodeficiency.13 The major consideration in
this procedure is to provide effective immunosuppression
while creating a sufficient degree of donor bone marrow
engraftment. Among the previously described six patients
with CSA of undefined cause who were treated with HSCT,
five received myeloablative conditioning with busulfan and
cyclophosphamide +/— antithymocyte globulin (ATG) as
the preparative regimen.3'5 One patient, who could not
receive conventional myeloablative conditioning due to
underlying comorbidities, received fludarabine, low-dose
total body irradiation, and ATG.® Despite full engraftment,
he succumbed to GVHD and prior iron overload on day
+190.

The conditioning regimen in our patient, consisting of
busulfan, fludarabine, and alemtuzumab, was chosen over
traditional myeloablation to decrease transplant-related
toxicities while achieving stable engraftment, which is not
seen with very low-intensity regirnens.l‘"15 Fludarabine,
a strongly immunosuppressive purine analogue, replaced
cyclophosphamide that is known to have increased he-
patic toxicity in the presence of busulfan, cardiac toxic-
ity with high doses, and a risk of hemorrhagic cystitis.'®
Serotherapy with rabbit-derived antithymocyte globulin
(ATG) has been used for many years as prophylaxis for
GVHD. However, in recent years it has been replaced
by alemtuzumab, a humanized monoclonal antibody di-
rected against CD52, which has had less graft failure and
less chronic GVHD in comparison with ATG.'""® In the
pediatric age group, single-center studies using a similar
approach have evaluated ATG or alemtuzumab with busul-
fan and fludarabine for both malignant and nonmalignant
diseases. The busulfan/fludarabine/ATG regimen had ex-
cellent overall survival; however, graft failure occurred in
the majority of children with nonmalignant disorders un-
dergoing mismatched unrelated donor transplants.'® The
same group reported improved engraftment and decreased
GVHD rates using alemtuzumab instead of ATG with
busulfan and fludarabine conditioning for malignant and
nonmalignant disorders.'” Our patient also benefited from
this reduced-toxicity regimen. She continues to have 100%
donor chimerism posttransplant without a need for RBC
transfusion, signs of iron overload, or GVHD. At nearly
5 years posttransplant, she has no long-term side effects
and is living a healthy life.

In conclusion, this case illustrates that allogeneic bone
marrow transplantation using busulfan, fludarabine, and
alemtuzumab as the conditioning regimen can be a curative
therapy for severe CSA. As the genetic knowledge of CSA be-
comes extended, we hope to further classify CSAs and tailor
each SCT process to aim for continued successful outcomes.
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