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1. INTRODUCTION 

According to its pathogenic mode, sideroblastic 

anemia is divided into congenital and acquired. 

CSA consists of syndromic CSA, non-

syndromic CSA and undefined CSA (Table 1). 

Its pathogenesis mainly involves multiple gene 

mutations in the process of heme biosynthesis, 

iron-sulfur cluster biogenesis and mitochondrial 

solute transport or metabolism (Figur1) [1]. 

XLSA is the most common CSA, accounting for 

about 40% [2], which clinical features are X-

linked inheritance, microcytic hypochromic 

anemia and iron overload [3]. To date, others 

include mutations in SLC25A38, GLRX5, 

HSPA9, HSCB, ABCB7, SLC19A2, mtDNA, 

PUS1, TRNT1, YARS2, LARS2, MT-ATP6 

and NDUFB11 [45].  

The ALAS2 gene is located on the X 

chromosome p11.21.ALAS2 gene mutation leads 

to the abnormal synthesis ofALAS2 enzyme, 

which catalyzes the rate-limiting pathway of 

erythrocyte heme biosynthesis, causing 

mitochondrial iron overload and anemia further, 

leading to XLSA eventually. More than 80 

different mutations in the ALAS2 gene have been 

reported [6], most of which are missense or 

nonsense mutations located in exon 5- 11. In 

recent years, mutations in the enhancer [7] and 

intron 1 [89] have also been revealed. All in all, 

the abnormal protein structure and processing of 

ALAS2, the decrease of ALAS2 gene expression, 

and the deficiency of substrate or cofactor 

affinity in the catalytic reaction are all associated 

with the pathogenesis of XLSA. In addition, 

mutations in the genes of the heme biosynthetic 

pathway can lead to the production of porphyria 

and CSA, because of the impairment of 

mitochondrial respiratory chain activity, oxygen 

delivery, iron metabolism and drug metabolism 

[10].  

This article focus on the basics of ALAS2, 

GATA1, iron, and their potential links to 

XLSA.We believe that this review will 

contribute to the study of ALAS2 gene and CSA 

disease. The effect of ALAS2 enzyme on 

catalytic reaction and XLSA 

Abstract: Congenital sideroblastic anemia (CSA) is an inherited disease characterized by the presence of 

sideroblasts in bone marrow. Microcytic hypochromic anemia and systemic iron overload are the common 

syndromes. X-linked slderoblastic anemia (XLSA) is the most common, and its pathogenesis is related to the 

mutation of ALAS2 gene. The abnormal structure and processing of ALAS2 enzyme due to mutation of ALAS2 

gene, or the decrease of ALAS2 gene expression caused by mutation of GATA1 site, or the disorder of iron 

metabolism are all related to the pathogenesis of XLSA. At present, the diagnosis and treatment of CSA 

depend on the combination of clinical characteristics and gene sequencing, but a considerable number of 

CSA mutation genes are still unclear. Through the next generation sequencing technology (NGS) and cell or 

animal model experiments, we will further deepen our understanding of CSA. 

Keywords: Congenital sideroblastic anemia; ALAS2 gene; GATA1; iron metabolism. 

Abbreviations Congenital sideroblastic anemia (CSA), X-linked slderoblastic anemia (XLSA), next generation 

sequencing technology (NGS), 5-aminolevulinic acid (ALA),ALA synthases (ALAS),succinylcoenzyme A (CoA), 

pyridoxal 5-phosphate (PLP), X-linked protoporphyria (XLPP),BTB and CNC homology 1 (Bach 1),SLC25A37 

(mitoferrin-1),ferrochelatase (FECH), iron-sulfur cluster (ISC), mitochondrial ferritin (FTMT), iron regulatory 

proteins (IRP),iron responsive element (IRE), hypoxia inducible factor 2α (HIF-2α), transferrin receptor 1 

(Tfr1),5'untranslated region (UTR),growth differentiation factor 15 (GDF15),twisted gastrulation (TWSG1), 

deferiprone (DFP), deferasirox (DFX), desferrioxamine (DFO), ATP specific CoA synthase (A-SCS) allogeneic. 

 

 

 

*Corresponding Author: Linqing Zou, William C Cho, Department of Medicine, Nantong University, 

Nantong, Jiangsu 226001, PR China, Email: williamcscho@gmail.com, 4997108@qq.com 

http://dict.cn/iron-responsive%20element-binding%20protein%3B%20IRE-BP


Function of ALAS2 Gene in Congenital Sideroblastic Anemia 

 

ARC Journal of Hematology                                                                                                                    Page | 16 

Table1. List of virulence genes for congenital sideroblastic anemia 

Disease  Gene Protein Chromo

some 

Inherit

ance 

Type of 

anemia 

Severity 

of 

anemia 

Associated Abnormalities 

Non 

syndromic 

       

XLSA  ALAS

2  

ALAS2 Xp11.2

1 

XR Microcy

tic 

Macroc

ytic  ♀ 

Mild to 

severe 

Iron overload 

SLC25A38 

deficiency 

SLC25

A38 

Mt 

transporter 

SLC25A38 

3p22.1 AR Microcy

tic 

severe Iron overload 

Glutaredox

in 5 

deficiency 

GLRX

5 

Glutaredoxi

n 5 

14q32.1

3 

AR Microcy

tic 

Mild to 

severe 

Iron overload 

HSPA9 

deficiency 

HSPA

9 

HSPA9 5q31.2 AR Normoc

ytic or 

Microcy

tic 

Mild to 

severe 

Iron overload 

HSCB 

deficiency 

HSCB HSCB 22q12.1 AR Normoc

ytic 

Moderate None 

Syndromic        

XLSA/A ABCB

7 

mt 

transporter 

ABCB7 

Xq13.3 XR Microcy

tic 

Mild to 

moderate 

Ataxia 

PMPS mt 

DNA 

Mitochondr

ial tRNAs, 

rRNAs and 

protin 

Mitocho

ndria 

Matern

al/spor

adic 

Macroc

ytic 

Severe Metabolic acidosis,  

exocrine pancreatic 

insufficiency 

hepatic/renal failure 

TRMA SLC19

A2 

Thiamine 

transporter 

1q24.2 AR Macroc

ytic 

Severe Diabetes, Psychiatric 

symptoms, 

Deafness, Heart 

malformations 

MLASA1 PUS1 Pseudouridi

ne 

synthase 1 

12q24.3

3 

AR Normoc

ytic or 

Macroc

ytic 

Mild to 

severe 

Lactic acidosis, 

Myopathy 

Cardiomyopathy 

MLASA2 YARS

2 

Mt tyrosyl 

tRNA 

synthetase 

12p11.2

1 

AR Normoc

ytic or 

Macroc

ytic 

Mild to 

severe 

Lactic acidosis, 

Myopathy 

Cardiomyopathy 

LARS2 

deficiency 

LARS

2  

Mt leucine 

tRNA 

synthase 

3p21.31 AR Macroc

ytic 

Severe Lactic acidosis , 

cardiomyopathy, 

hepatopathy , seizures 

SIFD TRNT

1 

TRNT1 3p26.2 AR Microcy

tic 

Severe Iron overload, 

cardiomyopathy, 

CNS derangements, 

deafness 

ATP6 SA MT-

ATP6 

ATP 

synthase 

Mitocho

ndria 

SP/M Normoc

ytic or 

Macroc

ytic 

Moderate 

to Severe 

Lactic acidosis , 

myopathy, 

Neurological 

abnormalities 

NDUFB11 

deficiency 

NDUF

B11 

supernumer

ary 

subunits of 

respiratory 

chain 

complex I 

Xp11.3 XR Normoc

ytic 

Moderate Lactic acidosis 

An important precursor for the synthesis of 

heme, 5-aminolevulinic acid (ALA), is produced 

by the pyridoxal 5-phosphate (PLP)-dependent 

enzymatic reaction of glycine with 
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succinylcoenzyme A (CoA) (Figure1). This 

reaction is catalyzed by ALA synthases 

(ALAS), which has two isozymes.One is non-

specifc ALAS (ALAS-N or ALAS1): expressed 

ubiquitously, and another is erythroid-specifc 

ALAS (ALAS-E or ALAS2): expressed in 

erythroid precursors only [1]. Different genes 

encode these two isozymes separately, and 

transcriptional regulation is completely different 

[1]. In this reaction, PLP acts as a cofactor to 

bind to lysine residue of exon 9 and enhances 

the activity of ALAS2 enzyme[2]. As we all 

know, in the subsequent process of heme 

synthesis, ALA is exported to the cytosol and 

generates heme eventually after a series of 

reactions. (Figure 1). Therefore, the efficient 

synthesis of heme depends on the efficient and 

suitable supply of ALAS2 protein, glycine and 

CoA. 

Human ALAsynthases is encoded by ALAS2 

gene. The mutation of ALAS2 gene leads to a 

structural change of protein, which not only 

affects catalytic response, but also is related to 

XLSA [1112]. The carboxyl C-terminal of 

ALAS2 protein is conserved, which inhibits 

enzyme activity and protein stability in 

mitochondria [13]. Five mutations in this area 

are classified as functional loss mutations, 

which are the reasons of XLSA [1314].On the 

contrary, some mutations can cause gain-

function of ALAS2, which lead to oversynthesis 

of PPIX to X-linked protoporphyria (XLPP) 

[12]. It has beenrevealedthat five new mutations 

at the C-terminal truncated exon 11 of the 

ALAS2 gene and identified a key region in 

which the opening of the active site loop or the 

increase of molecular flexibility results in the 

functional gain of ALAS2 and eventually 

enhances theactivity of enzyme [515]. In 

summary, the C-terminal of ALAS2 enzyme can 

act as an internal modifier and participate in 

functional regulation. We can boldly speculate 

whether these sites can be targeted for treatment 

in patients with XLSA. 

 

Figure1.  The figure contains iron transportation: mechanism and pathway of iron entry into mitochondria. 

Iron reaction element regulation: IRP and IRE regulate the transcription of ALAS2 gene. Heme synthesis, iron 

sulfur cluster synthesis & transportation and mitochondrial respiratory chain biosynthesis diagram and gene 

involved.  

2. GATA1 LOCI OF ALAS2 GENE AND XLSA  

The human GATA1 gene is located on the X 

chromosome (Xp21-11), and it is the X-linked 

[9]. GATA1, functioning as an important 

transcription factor, activates the expression of 

erythrocyte specific genes such as β- and γ-

globin during the development of erythroid 

progenitor cells [16]. On the other hand, it can 

inhibit the expression of the genes that are not 

conducive to erythrocyte development and 

differentiation such as Cdk6 related to cell cycle 

and Myc related to cell proliferation [17]. To 

achieve the above functions, GATA-1 can 

interact with different transcription factors such 

as FOG-1, TAL-1/SCL, CBP/p300 and other 

auxiliary factors [18-20].  

According to the literature, GATA1 is mainly 

activated by three functional domains: N terminal 
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domain, N Finger domain and C Finger domain, 

which play a key regulatory role in the 

development of the erythroid cells [2122]. It is 

thought to be an important cis-regulatory element 

of ALAS2 gene during erythropoiesis in vivo, 

and GATA1 mutation may be one of the causes 

of XLSA [21]. Zhang et al. produced female 

hybrid mice without GATA locusand hybridized 

the female hybrid micewith wild male mice, 

which showed that only the offspring with 

genotype (Alas2-13 / Y) died of severe anemia 

during embryonic stage[9]. It was proved that the 

deletion of GATA site significantly decreased the 

level of ALAS2 mRNA and protein and the 

erythroid differentiation stagnated in the 

immature erythrocyte progenitor cell stage [9].In 

addition, the expression of ALAS2 significantly 

decreased in erythrocytes with GATA1 promoter 

destroyed in vitro [23] and XLSA patients with 

int-1-GATA mutation [8]. It is suggested that 

ALAS2 may be an important downstream target 

of GATA1, and the deletion of intron GATA1 

site leads to the decrease of ALAS2 gene 

expression, the inhibition of heme synthesis and 

the arrest of erythroid differentiation. 

So how does the GATA1 locus regulate the 

expression of ALAS2? The study of Zhang et al. 

suggested that in order to activate the translation 

of ALAS2 to promote the expression of ALAS2 

gene in erythroid cells, the intron GATA1, as an 

anchor, connects the GATA site in intron 8 to the 

proximal promoter, and forms a long range 

enhanced cycle that regulated by an enhancer 

protein complex centered on GATA1, including 

TAL1, LDB1, LMO2 and PolⅡ[9]. And 

compared to int-8-GATA, int-1-GATA sites play 

a more important role in ALAS2 transcription 

[9]. 

From the experimental results, we can infer that 

the phenotypic differences between deletion and 

mutation at int-1-GATA sites may be determined 

by the amount of residual ALAS2 expression 

giving rise to deletion or mutation. The level of 

ALAS2 expression indicates that other factors, 

for example, epigenetic modification, may also 

be involved in the regulation of ALAS2 

expression [9]. Therefore, it is believed that int-1-

GATA loci are expected to be a valuable 

diagnostic screening site for patients with 

unknown mutations in XLSA. A deeper study 

should be carried out to demonstrate that CSA 

patients reduce ALAS2 expression by breaking 

the enhanced cycle, and if so, where is it 

happens? How is it adjusted? What targeted 

measures can be taken? 

Consequently, it is believed that the further 

research based on the ALAS2 gene, combined 

with the NGS and the study of molecular 

mechanism of modern disease model, which 

will further promote the development of 

therapeutic targets and targeted drugs for XLSA, 

which is helpful to reasonable and efficient 

therapy. 

Heme can also affect the expression of ALAS2 

through GATA1. Tanimura et al. found that the 

regulatory factor GATA1 requires heme to 

establish and maintain erythrocyte transcriptome 

[24]. GATA1 induces the biosynthesis of heme, 

globin chains and ALAS2, while heme inhibits 

BTB and CNC homology 1 (Bach1) [24]. Bach1 

is a transcriptional inhibitor, which can promote 

heme degradation through proteasome when it 

binds to heme [25]. So when heme is deficient, 

it can induce bach1 accumulation, which can 

inhibit the transcription of the target gene, and 

vice versa [24]. As a result, the change of heme 

can also be indirectly involved in the regulation 

of ALAS2 through the cycle. Besides, it has 

been reported that excessive heme can inhibit 

the translation of ALAS2 mRNA in immature 

erythrocytes [26] or inhibit the precursor of 

ALAS2 into mitochondria [27], resulting in 

feedback inhibition of its synthesis. 

3. THE RELATIONSHIP BETWEEN IRON 

METABOLISM AND DISEASE 

Iron is an important material for heme synthesis. 

In the cytoplasm, iron is stored in the form of 

ferritin and used as a repair group of some 

proteins. Richardson et al. proposed the 

mechanism of ‘kiss-and-run’, involving the iron 

from endosome into mitochondrial, which 

indicates that brief contact between the 

endosome and the mitochondria can directly 

transfer the ferrous iron ions into the 

mitochondria [28]. It has been reported that in 

the above iron transport process, the complex 

formed by cytosolic iron in mitochondrial 

SLC25A37 (mitoferrin-1), ABCB10 and 

ferrochelatase (FECH) is very important during 

the process of erythrocyte differentiation [1]. Of 

course, iron in the mitochondria is used for the 

synthesis of heme or iron-sulfur cluster (ISC) 

and transferred to the cytoplasm subsequently. It 

is confirmed that during ISC synthesis, ABCB7 

molecules transfer unknown molecules, the 

glutathione-conjugated 2Fe-2S clusteror sulfur-

containing compound, from mitochondria to 

cytoplasm [29]. This is important for the 

synthesis of ISC and the maintenance of iron 

homeostasis, as reduced precursor or heme 
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release will lead to mitochondrial iron loading 

[30]. The gene mutation in iron transport or the 

abnormal of transport process involved can 

bring about the load of the mitochondrial iron, 

which is related to the formation of the iron-

grain and young cells. 

Mitochondrial iron deposition is a marker of 

CSA; however, the mechanism is largely 

unclear. The iron load in the XLSA patient is 

not always related to the severity of the anemia. 

Previous cell models have shown that the 

mutation of the enhancer of ALAS2 gene can 

lead to the formation of ring sideroblasts, and 

that the expression of mitochondrial ferritin 

(FTMT) may be a necessary condition for the 

formation of annular fibroblasts [31]. Besides, 

FTMT encodes ferritin heavy chain like protein 

in mitochondria, which highly expresses in 

erythrocytes of CSA patients and has iron 

oxidase activity [32]. So this does make us to 

wonder whether stopping the generation of 

FTMT can prevent the formation of CSA.  

During erythroid development, iron regulatory 

proteins (IRP) regulate iron metabolism of cells 

which function by binding to iron responsive 

element (IRE), including two iron regulatory 

proteins 1 and 2 (IRP1 and IRP2) [33]. IRP2 

regulates erythropoiesis and iron absorption 

only as RNA binding protein by controlling the 

translation of hypoxia inducible factor 2α (HIF-

2α) mRNA. IRP1, as RNA binding protein or 

cellular solute aconitase, regulates heme 

biosynthesis and iron uptake by regulating the 

expression of transferrin receptor 1 (Tfr1) and 

ALAS2 mRNA. Under normal circumstances, 

IRE is not combined with IRP, and ALAS2 

mRNA translation can occur normally. In the 

case of excess iron, iron converts the protein 

into a non-RNA binding form and inactivates 

IRP1, while IRP2 is ubiquitized and degraded 

by the proteasome [33]. Under the condition of 

iron deficiency, IRP1 binds to the stem-ring 

structure of IRE in ALAS2 mRNA 

5'untranslated region (UTR), which inhibits the 

translation of ALAS2 and ferritin or protects 

mRNA from degradation by inducing the 

translation of TFR1 or DMT1 [33] (Figure 1). 

So IRE/IRP system plays an important role in 

regulating the production of the erythrocyte, 

absorption of the dietary iron, metabolism of the 

liver iron and the iron balance in vivo. XLSA 

patients are often associated with systemic iron 

load, the cause of which is unknown. However, 

recent reports have indicated that three 

cytokines expressed by iron modulin: growth 

differentiation factor 15 (GDF15) [34], 

erythroferron [35] and twisted gastrulation 

(TWSG1) [36]are all related to body iron 

overload. The mitochondrial iron overload in 

XLSA patients is related to iron homeostasis 

and regulation above. 

Iron overload is a key problem, which can 

significantly increase morbidity and mortality. 

In recent years, more and more reports indicate 

that systemic iron overload can lead to 

complications such as hepatocellular carcinoma 

[37], atherosclerosis [38], heart damage [39] and 

kidney injury [40]. For the treatment of iron 

overload in CSA patients, the venotomy can be 

considered if suffering mild to moderate anemia 

(Hb≥90 g/ L).While patients with more severe 

anemia who cannot tolerate blood-letting 

therapy and even need regular blood transfusion 

to maintain heme levelsrequire iron chelation 

therapy [6]. Recent studies have shown that for 

iron overload patients, the combination of oral 

deferiprone (DFP) and deferasirox (DFX) can 

better remove iron from the body. Intramuscular 

injection of desferrioxamine (DFO) is also 

possible, but the compliance rate is lower 

because it cannot be taken orally [41]. 

Splenectomy is sometimes performed in CSA 

patients with severe anemia and splenomegaly 

to reduce hemolysis and anemia, but recent 

studies do not recommend splenectomy in CSA 

patients to prevent fatal thromboembolic 

complications [42]. The abnormal of iron 

transport and/or regulation may be associated 

with iron overload, the incidence and high 

mortality of CSA. 

4. ROLE OF ALAS2 IN CSA  

Clinically, XLSA is common in men under 40 

years of age [43], and there are also reports of 

delayed cases [44]. Those patients are 

characterized by varied degrees of microcytic 

hypochromic anemia, and most of them show 

moderate levels. 

Studies have been reported that women with 

heterozygotes suffer from macrocytic 

sideroblasticanemia [34546]. We can speculate 

that the inactivation of inclined X chromosome 

in female heterozygote carriers may be the 

mechanism of female XLSA, and inactivation 

increases with age. The hematopoietic cells 

expressing mutant ALAS2 were inactivated at 

the progenitor cell stage, which causes the 

compensatory stimulation of erythrocytes 

expressing wild type ALAS2, and macrocytic 

anemiahappens finally [45]. 
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Previously, because of pyridoxine 

supplementation improving symptoms, CSA 

was also defined as pyridoxine responsive 

anemia. It is reported that about half of XLSA 

patients respond to pyridoxine [6], and there 

were also differences in clinical efficacy with 

the mutation site of ALAS2 [47]. Whether the 

mutation site affects the binding region of 

pyridoxine, the dosage of pyridoxine and the 

overload of iron in mitochondria can affect the 

response of the disease to pyridoxine [48].The 

mutation of ALAS2 gene identified in patients 

and families of pyridoxin-reactive XLSA 

patients proved that the mutations reduced the 

activity of ALAS2 enzyme in vitro[4449]. So 

there is no doubt that the other half of XLSA 

patients did not respond to drug doses of 

pyridoxine. It has been certificated that some of 

the XLSA patients with ALAS2 mutation were 

pyridoxine resistant, but had normal enzyme 

activity in vitro [14]. Moreover, studies have 

shown that ATP specific CoA synthase (A-SCS) 

complexes with ALAS2 proteins are important 

for providing CoA in the catalytic reaction of 

heme rate-limiting steps, and if the complex is 

not formed, ALAS2 enzyme activity will 

decrease, causing XLSA [150]. 

Besides, mutations in the ALAS2 promoter and 

the first intron GATA binding site of ALAS2are 

also defined as the cause of pyridoxine 

refractory XLSA [78]. So when the clinical 

symptoms and signs are unable to make definite 

diagnosis of XLSA, the detection of each gene 

mutation site is helpful. At the same time, we 

can judge whether the patient has a response to 

pyridoxine treatment based on the results of the 

test. Therefore, pyridoxine therapy remains the 

first choice until molecular confirmation. Some 

experiments have supported that ALA can 

stimulate the increase of heme level in a dose-

dependent manner. As a result, XLSA, which is 

not reactive to pyridoxine, can be treated by oral 

ALA [51]. But other reports suggest that ALA 

alone is not enough to improve anemia in 

patients with XLSA [52], so novel treatments 

are needed. There was a report that 

hematopoietic stem cell transplant (HSCT) was 

tried to treat a girl with CSA. Her blood 

transfusion dependence was completely 

reversed and she remained healthy five years 

after the transplant [53].  

Recently, with the advent of the Location 

Cloning and the Human Genome Project, the 

development of NGS and Solid-State 

Genotyping Techniques, more than two thirds of 

CSA has been attributed to mutations in the 

pathogenicity gene and related loci (table 1) [5]. 

This conduces to avoid misdiagnosis and 

provides the possibility for further gene 

therapy.At present, Yu et al. Successfully 

diagnosed a 12-month-old XLSA child by large-

scale parallel sequencing [54]. (As Shown in 

Table 1): Gene mutations in non-syndromic 

CSA include those affecting heme biosynthesis 

(e.g. ALAS2 and SLC25A38 [55] and affecting 

Fe-S cluster biosynthesis (e.g. GLRX5 [56], 

HSPA9 [57], HSCB [58]). The gene mutation of 

syndromic CSA was related to mitochondrial 

protein biosynthesis (e.g. mtDNA [59], PUS1 

[60], TRNT1 [61], YARS2 [6263] and LARS2 

[64]) and mitochondrial respiratory chain (e.g. 

MT-ATP6 [65], NDUFB11 [66]. 

However, in syndromic CSA, ABCB7 [67] was 

associatedwith iron-sulfur cluster biosynthesis 

and SLC19A2 [68] to thiamine uptake [14-669]. 

Patients with mutations in the heme biosynthesis 

pathway had relatively mild symptoms.Many of 

them were followed up for a long time, did not 

require special treatment, and could obtain long-

term survival [4].  

Some of the patients had different therapeutic 

effects on ALA, pyridoxine, glycine or thiamine 

supplementation [5152]. Similarly patients with 

mutations in the Fe-S cluster pathway were 

more likely to have mild symptoms, and so far, 

no specific treatment had been reported. 

However, unlike the former, gene mutations in 

mitochondrial respiratory chain synthesis 

pathway not only affect the respiratory chain of 

erythrocytes, but also affect the respiratory 

chain of other tissues. 

As a consequence, this group of patients tend to 

develop symptoms early and generally fail to 

survive for a long time, and most of them die 

during juveniles. Fortunately, sometimes early 

allogeneic hematopoietic stem cell transplan-

tation can relieve symptoms [53]. 

Therefore, under the present situation, more 

discoveries in the aspect of gene mutation 

patterns and functional explanations can help us 

to strengthen the study and understanding of the 

potential mechanism of CSA.Finally, the 

association among ring sideroblasts, β-

thalassemia and hemoglobin disease was found, 

which needs further investigation. 

5. CONSTRUCTION OF RING SIDEROBLASTS 

BIOLOGIC MODEL 

In order to further study CSA, researchersused 

various methods to construct a model of 

sideroblasts. The function of GATA1 site and its 
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regulation on ALAS2 gene were investigated in 

vitro and in vivo based on CRISPR/Cas9 

targeted destruction of GATA1 binding motif in 

mouse ALAS2 intron 1 [924]. Besides, 

experiments about ALAS2 gene knockout 

embryonic stem cells and mice showed 

abnormal iron homeostasis.Whereas iron did not 

exist in mitochondria but dispersed in 

cytoplasm, and the sideroblasts model was not 

successfully obtained at last [7071]. 

Uptodate, Hatta et al. Encoded seven factors 

(OCT3/4, SOX2, KLF4, L-MYC, LINL28, 

GLIS1 and shp53) in bone marrow 

mesenchymal stem cells using non-integrating 

episomal vector (It has been confirmed that 

there is an ALAS2 mutation among them.) [72]; 

Kaneko et al.introduced mutations into ALAS2 

intron 1 enhancer in HUDEP2 cells based on 

CRISPR/Cas9 editing [31]; Saito et al. 

Introduced mutations in ALAS2 GATA-1 

motifs in HiDEP cells based on CRISPR/Cas9 

editing and co-cultured with OP9 cells in the 

presence of ferrous citrate [73]. The biologic 

model of ring sideroblasts has been builtthrough 

the methods above, which lays a good 

foundation for the further study of ALAS2 gene 

and congenital sideroblastic anemia, providing 

convenience for further molecular mechanism 

research and clinical trials in the future. 

6. CONCLUSION 

In summary, ALAS2 gene plays a critical 

important role in CSA. ALAS2 gene detection is 

of great significance in the diagnosis and 

treatment of CSA, and is benefit for screening 

and genetic counseling. Cell models have been 

established to provide more possibilities for 

further research. It is believed that mounting 

number of patients will benefit from it. 

Nowadays, we are more aware of the mutant 

genes of CSA, but it is limited to understand the 

exact molecular mechanism of CSA. It is hoped 

that in the next few years we can clarify its 

precise mechanism as soon as possible to help 

future treatment. 
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