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Letter to the Editor 
Diagnostic Hematology

A Novel Hemizygous I418S Mutation in the ALAS2 
Gene in a Young Korean Man with X-Linked 
Sideroblastic Anemia
Soo Young Moon, M.D.1, In-Jae Jun, B.S.1, Ji-Eun Kim, M.S.1, Seung Jun Lee, M.D.1, Hyun Kyung Kim, M.D.1, 
and Sung-Soo Yoon, M.D.2

Departments of Laboratory Medicine1 and Internal Medicine2, Seoul National University College of Medicine, Seoul, Korea

Dear Editor,

Sideroblastic anemia is a heterogeneous disorder that is charac-

terized by increased  serum iron and ferritin levels, high number 

of hypochromic red blood cells (RBCs), and ineffective erythro-

poiesis with ringed sideroblasts in the bone marrow (BM) [1]. 

There are two forms of sideroblastic anemia: inherited and ac-

quired. Acquired sideroblastic anemia usually develops because 

of alcohol consumption, toxin exposure, substance abuse, and 

myelodysplastic syndrome-refractory anemia with ring sidero-

blasts (MDS-RARS). Inherited sideroblastic anemia has a het-

erogeneous inheritance pattern including X-linked, autosomal, 

and mitochondrial entities. X-linked sideroblastic anemia (XLSA) 

is the most common type, constituting about 40% of inherited 

sideroblastic anemia [2]. Most cases of XLSA result from defi-

ciency of delta-aminolevulinate synthase 2 (ALAS2), an ery-

throid-specific enzyme involved in the heme biosynthetic path-

way. To date, more than 60 different mutations in the ALAS2 

gene on the X chromosome of XLSA patients have been de-

scribed [3]. Although several reports on inherited sideroblastic 

anemia in Korea have been published [4-6], the underlying ge-

netic change, a well-known point mutation, was confirmed only 

in one case [4]. Since the morphologic findings of inherited sid-

eroblastic anemia are usually similar to those of neoplastic MDS-

RARS, genetic analyses are useful in identifying inherited sid-

eroblastic anemia. Here, we report a novel missense mutation of 

the ALAS2 gene in a young male patient presenting with severe 

sideroblastic anemia.

 A 27-yr-old man with a medical history of persistent severe 

anemia (at the age of 15) visited Seoul National University Hos-

pital in November 2012. There was no family history of sidero-

blastic anemia. The initial complete blood  count was as follows: 

Hb, 4.2 g/dL; Hct, 15.3%; erythrocytes, 3.16×109/L; mean cor-

puscular volume (MCV), 50.0 fL; mean corpuscular hemoglobin 

(MCH), 13.2 pg; mean corpuscular hemoglobin concentration 

(MCHC), 26.4 g/dL; red cell distribution width (RDW), 24.9%; 

reticulocytes, 0.2%; white blood cells, 6.15×106/L; and plate-

lets, 530×106/L. The peripheral blood smear revealed a dimor-

phic red-cell population including normocytic, normochromic 

and microcytic, and hypochromic erythrocytes, along with se-

vere anisopoikilocytosis (Fig. 1A). Tests for iron status indicated 

iron overload, with a serum iron level of 212 μg/dL, ferritin level 

of 641 ng/mL, and a total iron binding capacity of 249 μg/dL. 

Chromosome analysis, Hb electrophoresis, and flow cytometry 

analysis for cluster of differentiation (CD) 55 and CD59 did not 

indicate any abnormalities. BM study revealed marked erythroid 

hyperplasia (myeloid:erythroid ratio of 0.3:1) with mild dyseryth-
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ropoietic changes, including nuclear budding and internuclear 

bridging (Fig. 1B). The ringed sideroblasts with multiple perinu-

clear iron granules constituted over 50% of total erythroblasts in 

the Prussian blue-stained specimens (Fig. 1C). Stored iron in 

marrow was increased to grade 4, using Gale’s histological grad-

ing method [7].

 The patient was suspected of having inherited sideroblastic 

anemia rather than MDS-RARS, considering his young age and 

the presence of severe microcytic anemia. Therefore, genetic 

analysis for the ALAS2 gene was performed by using direct se-

quencing of the patient’s genomic DNA, which was extracted 

from peripheral blood leukocytes. PCR and direct sequencing of 

the ALAS2 gene were performed to amplify the coding and 

flanking regions from exon 5 to exon 12, as these regions are 

thought to encode the core functional parts of the enzyme, and 

most of the known mutations associated with XLSA have been 

found in these regions [1, 2]. We detected a novel mutation–a 

substitution of thymine with guanine, in the beginning part of 

exon 9 (c.1253T>G) (Fig. 2). This mutation leads to a change 

in the 418th amino acid in the ALAS2 polypeptide from isoleu-

cine to serine (p.Ile418Ser; p.I418S). We used the SIFT (http://

sift.jcvi.org/www/SIFT_enst_submit.html), Align GVGD (http://

agvgd.iarc.fr/), and Polyphen-2 (http://genetics.bwh.harvard.

edu/pph2/) web-based tools to determine the significance of this 

missense mutation. The results suggest that this substitution, 

which changes a nonpolar amino acid to a polar amino acid, 

has a high probability for affecting the function (score 0.00 in 

SIFT, class C65 in Align GVGD, and score 1.000 in Polyphen-2) 

of ALAS2, and that the ALAS2 polypeptide sequence is evolu-

tionarily conserved in most eukaryotes. Although the patient did 

not report a family history of anemia for the patient’s brother, 

mother, and other siblings, the patient was presumed to have 

XLSA on the basis of the results of mutation analysis.

 Oral pyridoxine was prescribed to the patient for 3 months, 

which dramatically increased Hb levels up to the normal range 

(Hb, 13.2 g/dL; MCV, 70.7 fL; MCH, 21.8 pg; and RDW, 18.9%) 

without transfusion. However, microscopic hypochromic fea-

tures of erythrocytes remained, showing little improvement.

 XLSA is the most common inherited form of sideroblastic ane-

mia, followed by the autosomal recessive inheritance pattern. 

Mutations of the ALAS2 gene lead to a deficiency of ALAS2 in 

mitochondria in erythropoietic precursors [3]. ALAS2 catalyzes 

the first step of heme biosynthesis–the condensation of glycine 

and succinyl-CoA to form delta-aminolevulinic acid in the pres-

ence of a pyridoxal 5’-phosphate (PLP; a metabolite of vitamin 

B6) as a cofactor [8]. XLSA is also referred to as pyridoxine-re-

sponsive anemia because pyridoxine supplementation usually 

improves this form of anemia [1, 9]. The responsiveness to this 

simple medication enables a differential diagnosis with other mi-

crocytic anemia. In addition to XLSA, other genetic causes of 

Fig. 1. (A) Peripheral blood smear showing dimorphic red blood 
cells (RBCs) including microcytic hypochromic RBCs with severe 
anisopoikilocytosis (Wright-Giemsa stain, ×1,000). (B) Bone mar-
row (BM) aspirate smear showing marked increase of erythroid pre-
cursors (Wright-Giemsa stain, ×1,000). (C) Iron stain of BM aspirate 
showing many ringed sideroblasts, which accounted for up to 50% 
of the total erythroid precursors (Prussian blue stain, ×1,000).
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Fig. 2. Direct sequencing of the ALAS2 gene showing a hemizy-
gous c.1253T>G (between red lines) missense mutation in exon 9, 
which results in the conversion of isoleucine to serine at the 418th 
amino acid (p.I418S).
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several clinically distinctive forms of inherited sideroblastic ane-

mia have been elucidated. Mutations in SLC25A38, ABCB7, 
GLRX5, PUS1, and SLC19A have been associated with inher-

ited sideroblastic anemia [3]. However, these mutations are less 

prevalent, and patients with these mutations are not responsive 

to pyridoxine therapy [2, 3].

 Most anemia patients show features of iron overload, includ-

ing increased ferritin and transferrin saturation in serum as a re-

sult of decreased iron utilization. Above all, increased ringed sid-

eroblasts in BM is a hallmark of the disease, which often facili-

tates its differentiation from MDS-RARS, especially in elderly pa-

tients. Although macrocytic anemia and pyridoxine non-respon-

siveness suggest MDS-RARS, identification of ALAS2 mutations 

may be required to exclude XLSA because of the shared mor-

phological features in XLSA and MDS-RARS, such as the dys-

erythropoietic features and presence of ringed sideroblasts. A 

few reports have described the misdiagnosis of elderly patients 

with ALAS2 mutations as having RARS or other anemia, with 

clinical improvement in some of these patients following supple-

mentation of pyridoxine alone [10-12].

 The mutation c.1253T>G (p.I418S) found in our case was 

located in the beginning part of exon 9. Although many point 

mutations have been found in exon 9 [1, 13], to our knowledge, 

the site described in this study was not identified previously. The 

I418S substitution was predicted to generate a mutant protein 

with altered function that may contribute to the pathogenesis of 

XLSA. The isoleucine at position 418 and adjacent residues are 

important for binding of the PLP cofactor, which is crucial for 

the stability of the enzyme maintaining a conformation optimal 

for substrate binding and product release, and for the induction 

of catalytic activity [8, 14]. Moreover, these sites have been con-

served throughout evolution in ALAS2 proteins of different spe-

cies [1]. Thus, I418S disrupts ALAS2 binding with PLP, but the 

disruption does not seem to be severe because pyridoxine ther-

apy improves anemia. Previous studies found that the substitu-

tions adjacent to I418, such as in R411 or G416, could gener-

ate variants underlying the pathogenesis of pyridoxine supple-

mentation-responsive XLSA [1, 13].

 In summary, we identified a novel hemizygous c.1253T>G 

missense mutation in the ALAS2 gene in a 27-yr-old Korean 

man with a 12-yr history of severe microcytic hypochromic ane-

mia. Several morphologic features of inherited sideroblastic ane-

mia are shared with acquired sideroblastic anemia; however, the 

different prognoses and treatments, genetic analysis of ALAS2 

for inherited sideroblastic anemia can facilitate an accurate di-

agnosis. Its importance is emphasized in young patients with 

microcytic hypochromic anemia that show resistance to iron 

therapy, laboratory findings of iron overload, and inconsistent 

features with other hemoglobinopathies, even without a family 

history of anemia. 
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