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ABSTRACT 
Background: Thalassemia syndromes are the most prevalent hereditary hemoglobinopathies in the world. Iran 
is located on the thalassemia belt.  In this study, the effect of Xmn -1 polymorphism and coinheritance of alpha 

mutations on age at first transfusion and also transfusion interval in Iranian thalassemic patients with homozygous 
IVSI-5 mutation were assessed. 

Materials and Methods: In this retrospective cross-sectional study 154 transfusion dependent thalassemia (TDT) 
patients (140 patients with β-thalassemia major and 14 cases with β-thalassemia intermedia) who were 
homozygote of IVSI-5 mutation have been participated. Blood samples were collected from participants using 
EDTA containers for genomic DNA analysis. DNA extraction and amplification-refractory mutation to determine 
the Xmn -1 polymorphism were performed. Multiplex PCR was performed to identify alpha globin deletions.  
Results: The mean age of participants was 29±7, 58 of them were male and 96 were female. A significant relation 
between presence of Xmn -1 polymorphism and age at receiving first transfusion was detected. Coinheritance of 

alpha thalassemia mutation does not have significant effect on age at first transfusion or transfusion interval.  
Conclusion: Presence of Xmn -1 polymorphism can delay the onset of transfusion in patients with homozygote 
IVSI-5 mutation. 
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INTRODUCTION 
   Thalassemia syndromes are the most common 
hereditary autosomal recessive disorder in the 
world. Complete absence or reduction of β chain 
synthesis is the hallmark of β-thalassemia 
syndromes1. Each year at least 40,000 people with β-
thalassemia are born worldwide with highest 
incidence in Mediterranean, the Middle East, North 

America and South East Asia regions 2. Iran is located 
on thalassemia belt, so in our country, this genetic 
disorder is a major public health problem3. 
Approximately 3% of the world’s population are 
carriers of β-thalassemia mutations4. At present, 
more than 300 mutations in β globin gene have been 
detected worldwide. The majority of these 
mutations are point mutations, but deletions have 
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been reported5. Some of these mutations result in 
deficient synthesis of β chain (β + thal), and others 
lead to complete absence of β globin (β  thal). 
Therefore, the clinical manifestations of this disease 
can vary from asymptomatic cases to severe forms of 
thalassemia such as homozygous or double 
heterozygous variants, which require chronic 
repeated blood transfusions in order to survive6. In 
Iran, multiple various ethnic groups are living, so the 
frequency and distribution of mutations in the 
different parts of our country vary4. Najmabadi et al. 
in a 10-year study on 1217 β – thalassemia 
chromosomes of 164 affected patients and 889 
unrelated carriers have been reported IVS II-I (G > A) 
was the most common mutation (34%) in Iran and 
the frequency of this mutation is higher in northern 
parts of Iran. The second prevalent mutation is IVS I 
– 5 (G > C) mutation (7.55%), and codon 8/9 (+G) and 
IVS I – 110 (G > A) were the other most common 
mutations4. Also, other studies have shown that IVS 
II – 1 and IVS I – 5 are the two common β gene 
mutations in Iran5,7,8. In a recent survey about 
different β globin gene mutations in Iran, other 
relatively prevalent mutations include frame shift 
(FS) mutations in codon 8/9 (+G), IVS I – 110 (G>A), 
FSC 36/37 (-T), IVS I – I (G>A), IVS I (-25 bp), and 
codon 44 (-C)5. Various forms of β thalassemia result 
from single base substitution within the sequence of 
the IVS – I donor site. In IVS I – 5 mutations, 
substitution of the G at position 5 of IVS – I by C 
occurs9. It is well established that some modifying 
factors can ameliorate phenotypic expression of β 
thalassemia homozygotes. Xmn–1 polymorphism is a 
documented factor, which increases fetal 
hemoglobin synthesis10-14. Xmn -1polymorphism is 
defined as a C – T substitution at position – 158 of 
the G gamma globin gene. This genetic variation 
leads to up regulation of globin gene expression in 
adulthood, and hence compensates the decreased 
level of β globin chain. The presence of Xmn -
1polymorphism results in lesser imbalanced 
synthesis of α and β globin chains. This 
polymorphism resides in close proximity to locus 
control region (LCR) of β globin genes throughout 
life15.  
Another factor that can ameliorate the severity of β 
thalassemia is the coinheritance of alpha mutations 

leading to a milder phenotype16, 17. Inactivation of 
only one alpha globin gene leads to decrease in 
severity of disease in carrier of mild beta thalassemia 
mutation, but the multiplication of α thalassemia can 
result in exaggeration of the phenotype in β 
thalassemia intermedia or thalassemia trait cases18.  
In this study, only patients with homozygote IVS I-5 
mutation were included to evaluate the effect of 
Xmn -1polymorphism and coinheritance of α 
mutations on age receiving first transfusion and 
transfusion.   
  
MATERIALS AND METHODS 
  This was a retrospective cross-sectional study which 
included 154 β thalassemia with homozygote IVS I – 
5 mutations. All participants in this study were 
regularly followed up at Zafar thalassemia Clinic, 
Tehran, Iran. Also, this research was approved by the 
Ethics Committee of Shahid Beheshti University of 
Medical Sciences (IR-SBMU.MSP.PEC.1398.832) 
according to the tenants of declaration of Helsinki, 
regarding the human studies. All patient’s 
characteristics and laboratory data were extracted 
from their files. 
 
Detection of Xmn -1polymorphism 
Blood samples were collected with EDTA as 
anticoagulants. Genomic DNA was isolated from 5 – 
10 ml blood according to standard protocols. After 
DNA extraction, amplification – refractory mutation 
to determine the Xmn-1 polymorphism was 
performed. In this research amplification – 
refractory mutation system PCR (Cinna Gen 
Company, Karaj – Iran) and Taq DNA polymerase 
(Cinna Gen Company, Karaj – Iran) were performed 
to determine the Xmn -1polymorphism as previously 
described 13. 
 
Detection of α mutations 
Multiplex PCR was performed to identify alpha 
globin detections (-α3.7, -α4.2, -MED and the ααα anti 
-3.7 triplication 18. 
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Statistical analysis 
To present data, we used mean, standard deviation, 
median and range. To compare the variables 
between the two groups, we used t-test, Mann-
Whitney, ANOVA, Kruskal-Wallis test, Chi-Square 
and Fisher exact test. All statistical analyses were 
performed by SPSS version 22 (Armonk, Ny: IBM 
Corp). P-values less than 0.05 were considered 
statistically significant. 
 
RESULTS 
   In total, 154 TDT (140 cases with β-TM and 14 
patients with β-TI) have been participated in this 
study. The mean age of patients was 29±7 with a 
range of 8 to 47 years. Of whom (37.7%), 58 were 
male and 96 (62.3%) were female. Patients were 
from different provinces of Iran and all of them had 
homozygous of IVS I – 5 mutation. The demographic 
characteristics of cases entering the study are shown 
in Table 1.  
No alpha mutation was detected in 109 of 154 
patients participating gin this study, and 45 of 
patients had coinheritance of alpha mutations. The 
patients were classified into three major groups 
based on Xmn -1 polymorphism, including + / +, - / + 
and - / - groups. Out of 154 patients, 142 patients 
(92.2%) did not show any polymorphism, and 12 
patients (7.8%) showed polymorphism either in one 
locus (- / +, 5 patients) or both loci (+ / +, 7 patients). 
The demographic characteristics of participants in 
this study according on Xmn -1polymorphism are 
shown in Table 2. 
In our study, 83 of patients (53.9%) were 
splenectomized. The mean age of patients at first 
transfusion in their study was 34±8 months with a 
range of 2 to 240 months. Also, the mean time of 
transfusion interval was 23±8 days with a range of 10 
to 90 days. Coinheritance of α mutations in these 
patients has no effect on age at first transfusion and 
transfusion interval (Table 3). 
In this study, the age at first transfusion was also 
significantly lower among patients without Xmn -1 
polymorphism (P value = 0.037). The mean age at 
first transfusion in patients without Xmn -1 
polymorphism was 17±28 months and in patients 
with polymorphism was 55±65 months. However, 
there is no relation with the presence of Xmn -1 

polymorphism and transfusion interval. The effect of 
Xmn -1 polymorphism presence on age at first 
transfusion and transfusion interval is illustrated in 
Table 4. 
 
Table 1: Demographic data of patients entering the study 

 

 
 
 

  Variable 
  

Total 
  

Age Mean ± SD 29 ± 7 

 Median (range) 30 (8 to 47) 

   

Sex Male 58 (37.7%) 

 Female 96 (62.3%) 

   

Place of birth Hormozgan 52 (34.9%) 

 Tehran 18 (12.1%) 

 Kashan 1 (0.7%) 

 Bushehr 3 (2.0%) 

 Arak 0 (0.0%) 

 Mazandaran 3 (2.0%) 

 S&B 13 (8.7%) 

 Chaharmahal 6 (4.0%) 

 Esfahan 1 (0.7%) 

 Ilam 3 (2.0%) 

 Karaj 4 (2.7%) 

 Golestan 10 (6.7%) 

 Gilan 1 (0.7%) 

 Khorasan 4 (2.7%) 

 Zanjan 1 (0.7%) 

 Ghom 3 (2.0%) 

 Khuzestan 11 (7.4%) 

 Kohkilouyeh 1 (0.7%) 

 Kerman 9 (6.0%) 

 Fars 1 (0.7%) 

 Hamedan 1 (0.7%) 

 yazd 1 (0.7%) 

 Kermanshah 2 (1.3%) 

   

ABO and Rh O+ 64 (41.6%) 

 O- 5 (3.2%) 

 A+ 39 (25.3%) 

 A- 3 (1.9%) 

 B+ 33 (21.4%) 

 B- 5 (3.2%) 

 AB+ 4 (2.6%) 

 AB- 1 (0.6%) 

   

Type of thalassemia  Beta Thalassemia Major 140 (90.9%) 

  Intermedia 14 (9.1%) 
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                                  Table 2. Demographic data of patients entering the study based on Xmn 1 polymorphism 

Variable 

 Xmn 1 polymorphism 

 -/- +/- +/+ 

Age Mean ± SD 29 ± 7 31 ± 12 29 ± 5 
 Median (range) 30 (8 to 47) 33 (15 to 47) 30 (20 to 34) 
     

Sex Male 56 (96.6%) 0 (0.0%) 2 (3.4%) 
 Female 86 (89.6%) 5 (5.2%) 5 (5.2%) 
     

Place of birth Hormozgan 48 (92.3%) 2 (3.8%) 2 (3.8%) 
 Tehran 15 (83.3%) 0 (0.0%) 3 (16.7%) 
 Kashan 1 (100.0%) 0 (0.0%) 0 (0.0%) 
 Bushehr 3 (100.0%) 0 (0.0%) 0 (0.0%) 
 Arak 0 (0.0%) 0 (0.0%) 0 (0.0%) 
 Mazandaran 3 (100.0%) 0 (0.0%) 0 (0.0%) 
 S&B 12 (92.3%) 0 (0.0%) 1 (7.7%) 
 Chaharmahal 6 (100.0%) 0 (0.0%) 0 (0.0%) 
 Esfahan 1 (100.0%) 0 (0.0%) 0 (0.0%) 
 Ilam 3 (100.0%) 0 (0.0%) 0 (0.0%) 
 Karaj 4 (100.0%) 0 (0.0%) 0 (0.0%) 
 Golestan 10 (100.0%) 0 (0.0%) 0 (0.0%) 
 Gilan 1 (100.0%) 0 (0.0%) 0 (0.0%) 
 Khorasan 4 (100.0%) 0 (0.0%) 0 (0.0%) 
 Zanjan 1 (100.0%) 0 (0.0%) 0 (0.0%) 
 Ghom 2 (66.7%) 1 (33.3%) 0 (0.0%) 
 Khuzestan 11 (100.0%) 0 (0.0%) 0 (0.0%) 
 Kohkilouyeh 1 (100.0%) 0 (0.0%) 0 (0.0%) 
 Kerman 8 (88.9%) 1 (11.1%) 0 (0.0%) 
 Fars 1 (100.0%) 0 (0.0%) 0 (0.0%) 
 Hamedan 1 (100.0%) 0 (0.0%) 0 (0.0%) 
 Yazd 1 (100.0%) 0 (0.0%) 0 (0.0%) 
 Kermanshah 2 (100.0%) 0 (0.0%) 0 (0.0%) 
     

ABO and Rh O+ 59 (92.2%) 3 (4.7%) 2 (3.1%) 
 O- 5 (100.0%) 0 (0.0%) 0 (0.0%) 
 A+ 34 (87.2%) 1 (2.6%) 4 (10.3%) 
 A- 2 (66.7%) 1 (33.3%) 0 (0.0%) 
 B+ 32 (97.0%) 0 (0.0%) 1 (3.0%) 
 B- 5 (100.0%) 0 (0.0%) 0 (0.0%) 
 AB+ 4 (100.0%) 0 (0.0%) 0 (0.0%) 
 AB- 1 (100.0%) 0 (0.0%) 0 (0.0%) 
     

Type of thalassemia Beta Thalassemia Major 134 (95.7%) 3 (2.1%) 3 (2.1%) 
 Intermedia 8 (57.1%) 2 (14.3%) 4 (28.6%) 
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                      Table 3.The effect of alpha mutation on age at start of transfusion, transfusion interval and splenectomy 

 Variable 
  

  
Total  

Mutation 
 P 

  No Yes 

Age at start of transfusion Mean ± SD 34 ± 8  39 ± 23 15 ± 14  0.414‡ 

 Median (Range) 8 (2 to 240)  8 (2 to 240) 9 (3 to 60)   

Transfusion interval Mean ± SD 23 ± 8  22 ± 6 24 ± 13  0.449† 

 Median (Range) 21 (10 to 90)  21 (12 to 40) 20 (10 to 90)   

        

Splenectomy Yes 83 (53.9%)  60 (55.6%) 23 (50.0%)  0.527* 

  No 71 (46.1%)  48 (44.4%) 23 (50.0%)    

                    ‡ Based on Mann-Whitney test; † Based on t-test; * Based on Chi-Square test. 

 
 
           Table 4: The effect of Xmn 1 polymorphism presence on age at start of transfusion, transfusion interval and splenectomy 

 Variable   
Total   

Polymorphism Xmn 1 
  P 

    No Yes 

Age at start of transfusion Mean ± SD 8 ± 34  17 ± 28 55 ± 65  0.037‡ 

 Median (range) 8 (2 to 240)  8 (2 to 240) 36 (4 to 228)   

        

Transfusion interval Mean ± SD 23 ± 8  23 ± 8 23 ± 7  0.941† 

 Median (range) 21 (10 to 90)  21 (10 to 90) 21 (15 to 30)   

        

Splenectomy Yes 83 (53.9%)  77 (54.2%) 6 (50.0%)  0.778* 

  No 71 (46.1%)   65 (45.8%) 6 (50.0%)     

                      ‡ Based on Mann-Whitney test; † Based on t-test; * Based on Chi-Square test 

 
 
DISCUSSION 

   In the present study, the main goal was to 
assess the effect of Xmn -1 polymorphism and 
coinheritance of α mutation on the age at first 
transfusion and transfusion interval in Iranian 
thalassemia patients with homozygote IVS 1-5 
mutation.  The previous studies considering the 
effect of genetic factors including subtype of 
mutation and Xmn phenotypes on the course 
and outcome of thalassemia are rare, especially 
among the Iranian patient population. Since it 

has been established that the effect of these 
genetic factors on the course and outcome of 
the disease is different in various ethnicities, we 
conducted the present study among Iranian 
thalassemia patients to avoid some limitations 
of previous studies namely their relatively low 
number of participants. Our study population 
was from a referral clinic in Tehran city and 
patients were from different provinces, which 
are living in Tehran. 
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In multiple studies, it has been demonstrated that 
IVS 1-5 is the second most common mutation among 
various Iranian populations5. Moreover, IVS 1-5 is the 
most common documented β chain mutation in 
southern parts of Iran 19. In our study, the place of 
birth in 52 patients (34.9%) was Hormozgan 
province, which is in line with other studies 19. 
Furthermore, this mutation is prevalent in south-
East and North-East regions of Iran5. In addition, IVS 
1-5 is the most common β chain mutation with βο 
phenotype, in Pakistan, our neighbor country 20. 
This mutation is prevalent in other neighboring 
countries such as India, Saudi Arabia, United Arab 
Emirate, Kuwait, Bahrain and Iraq 21-26.  
In the present study, the majority of our patients had 
β-TM (90.9%), and only 14 patients (9.1%) had β-TI. 
This finding is similar to other studies, indicating  that 
patients with homozygous IVS 1-5 mutation often 
have β-TM phenotype 5.  
In many published articles, it has been reported that 
Xmn -1 polymorphism is one of the most important 
modifying factors in phenotype of patients 11-13 .In 
our study, there was a significant relationship 
between the presence of Xmn -1 Polymorphism and 
age of onset of transfusion (P=0.037). In other words, 
patients with Xmn -1 polymorphism had an older age 
at first transfusion. Moreover, there was no 
significant relation between the presence of Xmn -1 
polymorphism and transfusion interval. These 
findings are similar to those of previous studies on 
patients with homozygote IVS II-I mutation27. Also, 
our results are in line with other similar studies. 
Aditya in a study on 50 β-thalassemia major patients 
reported a positive correlation between the 
presence of Xmn -1 and age at first transfusion 10. 
Sharma in another study on 130 patients with β-
thalassemia major found that the presence of Xmn -
1 polymorphism delays the age of receiving the first 
blood transfusion 28.  Nemati et al. in a study on 197 
β-TM patients in Kermanshah province, Iran, 
reported that there is no significant correlation 
between the presence of Xmn -1 polymorphism and 
the age of receiving the first blood transfusion29. 
Furthermore, our results are not consistent with the 
results of Tantawy et al. who reported that the 
presence of Xmn -1 polymorphism was not 
associated with the age of receiving the first blood 

transfusion, fetal hemoglobin level and transfusion 
frequency 30. The other results in this study were the 
absence of relation between the presence of Xmn -1 
polymorphism and transfusion interval. Our results 
are similar to Oberoi who observed no significant 
correlation between the Xmn -1 polymorphism and 
age at onset of symptoms, age at diagnosis, 
transfusion frequency or the mean hemoglobin level 
31. On the other hand, Maryami et al. have shown 
that βο/βο patients with Xmn -1 polymorphism 
showed a significant increase in transfusion interval 
and require less blood transfusion32. Irshad et al. 
have demonstrated that the transfusion intervals in 
Xmn -1 (- / +) and Xmn -1 (+ / +) were approximately 
30 days in comparison to 7-15 days in Xmn -1 (- / -) 
patients 33. Neishabouri et al. in a large study on 362 
patients with thalassemia major or intermedia from 
different provinces reported that Xmn -1 
polymorphism alone could not predict the severity of 
disease18.  
Furthermore, Oberoi reported that Xmn -1 
polymorphism could not be relied on in determining 
the course of disease in thalassemia intermedia 31. 
The exact reason for these conflicting results 
regarding the effect of Xmn -1 polymorphism on 
disease course is not clear. The difference in sample 
size in different studies may be a contributing factor. 
Also, Xmn -1 polymorphism has various penetrations 
in different multiethnic populations in the world and 
the percentage of positive Xmn -1 polymorphism 
differs in different societies. Moreover, other 
mechanisms except Xmn -1 polymorphism could 
affect the phenotype and course of β-thalassemia. 
These genetic elements may be unrelated to the 
beta globin locus. These quantitative trait loci (QTLs) 
are on chromosome 8q, 6q23 and 2p15. Moreover, 
some transcription factors can influence the globin 
gene expression, including GATA-1, NEF-2 and EKLF. 
Alteration of these transcription factors has an 
important role in phenotype determination 34. In our 
study, there was no relation between the presence 
of α mutation with age at first transfusion and 
transfusion interval. Unlike β-thalassemia mutations, 
more than 95% of detected α-thalassemia mutations 
results from deletion of one or both α-globin genes 
from chromosome 16. The most prevalent α+-
thalassemia single gene deletion defects are –α3.7 
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and –α 4.2 35. Besides, the most common double gene 
deletions of α-thalassemia are South Asian (- - / SEA), 
Mediterranean (- - / MED) and Filipine (- - / FIL) 
variants. The –α3.7 deletion has a global distribution 
in all parts of the world, but –α 4.2 deletion has been 
detected mostly in Southeast Asia 36. Among 154 
patients in this study, 45 patients had coinheritance 
of α mutation. The most common single gene 
deletion was –α 3.7, with 27 patients (17.5%) having 
heterozygous and 11 patients (7.1%) showing 
homozygous state, which is similar to Neishabouri 
results 37. Also, in this study, the coinheritance of α 
thalassemia mutations in patients with homozygote 
IVS 1-5 did not have any effect on age at first 
transfusion or transfusion interval, showing a 
consistency with similar articles 17,18. 
A limitation of the present study was the relatively 
high number of incomplete patients’ records, which 
might affect the reliability of our findings. Moreover, 
this study involved the small sample size of patients 
with β-TI, which makes our results among this group 
of patients less reliable. 
 
CONCLUSION 
   In patients with homozygous IVS 1-5 mutation, the 
presence of Xmn -1 polymorphism might delay the 
onset of transfusion, but coinheritance of α mutation 
has not any effect on onset or interval of blood 
transfusion. Larger population-based studies are 
necessary to document a relationship between β 
chain mutations and Xmn -1 polymorphism or 
coinheritance of α mutation. 
 
CONFLICT OF INTEREST  
   The authors have no conflict of interest with the 
subject matter of the present study. 
 
REFERENCES 
1.De Sanctis V, Kattamis C, Canatan D, et al. β-Thalassemia 
distribution in the old world: an ancient disease seen from 
a historical standpoint. Mediterranean journal of 
hematology and infectious diseases. Mediterr J Hematol 
Infect Dis. 2017;9(1):e2017018.  
2.Cappellini MD, Viprakasit V, Taher AT. An overview of 
current treatment strategies for β-thalassemia. Expert 
Opin Orphan Drugs. 2014;2(7):665-79. 

3. Hashemieh M, Timori Naghadeh H,Tabrizi Namini M ,et 
al. The Iran Thalassemia Prevention Program: Success or 
Failure? Iran J Ped Hematol Oncol. 2015;5(3):161-6. 
4. Najmabadi H, Karimi-Nejad R, Sahebjam S, et al. The β-
thalassemia mutation spectrum in the Iranian population. 
Hemoglobin. 2001;25(3):285-96. 
5. Bazi A, Miri-Moghaddam E. Spectrum of β-thalassemia 
Mutations in Iran, an Update. Iran J Ped Hematol Oncol. 
2016;6(3):190-202. 
6. Orkin SH, Fisher DE, Ginsburg D, et al. Nathan and Oski’s 
Hematology of Infancy and Childhood, 8th ed. 
Philadelphia: Saunders; 2015.  
7. Rezaee AR, Banoei MM, Khalili E, et al. Beta-
Thalassemia in Iran: new insight into the role of genetic 
admixture and migration. ScientificWorldJournal. 
2012;2012:635183. 
8. Akhavan-Niaki H, Derakhshandeh-Peykar P, 
Banihashemi A, et al. A comprehensive molecular 
characterization of beta thalassemia in a highly 
heterogeneous population. Blood Cells Mol Dis. 
2011;47(1):29-32. 
9. Bohara V, Raut L, Badarkhe G, et al. Homozygosity for 
the severe β+-thalassemia Mutation [IVS-I-5 (G> C)] 
Causes the Phenotype of Thalassemia Trait: An Extremely 
rare presentation. Hemoglobin. 2013;37(1):101-5. 
10. Aditya R, Verma IC, Saxena R, et al. Relation of Xmn-1 
polymorphism & five common Indian mutations of 
thalassaemia with phenotypic presentation in β-
thalassaemia. JK Science. 2006;8(3):139-43. 
11. Said F, Abdel-Salam A. XmnI polymorphism: Relation 
to β-thalassemia phenotype and genotype in Egyptian 
Children. Egypt J Med Hum Genet. 2015; 16(2):123-7. 
12.Dadheech S, Jain S, Madhulatha D, et al. Association of 
Xmn1− 158 γ G variant with severity and HbF levels in β-
thalassemia major and sickle cell anaemia. Mol. Biol. Rep. 
2014; 41(5):3331-7. 
13. Miri-Moghaddam E, Bahrami S, Naderi M, et al. mn1-
158 γ G variant in B-thalassemia intermediate patients in 
South-East of Iran. Int J Hematol Oncol Stem Cell Res. 
2017;11(2):165-171. 
14. Agouti I, Badens C, Abouyoub A, et al. Genotypic 
correlation between six common β-thalassemia mutations 
and the Xmn I polymorphism in the Moroccan population. 
Hemoglobin. 2007;31(2):141-9. 
15. Motovali-Bashi M, Ghasemi T. Role of Xmn IG 
Polymorphism in Hydroxyurea Treatment and Fetal 
Hemoglobin Level at Isfahanian Intermediate β-
Thalassemia Patients. Iran Biomed J. 2015; 19(3): 177–
182. 
16. Thein SL, Wood WG, Steinberg MH, et al. The 
Molecular Basis of β Thalassemia, δβ Thalassemia, and 
Hereditary Persistence of Fetal Hemoglobin. Disorders of 

https://www.ncbi.nlm.nih.gov/pubmed/28293406
https://www.ncbi.nlm.nih.gov/pubmed/28293406


Mozhgan Hashemieh, et al.                                                                     IJHOSCR, 1 January. Volume 16, Number 1 

54 
 

 International Journal of Hematology Oncology and Stem Cell Research 
ijhoscr.tums.ac.ir  

 

Hemoglobin: Genetics, Pathophysiology, and Clinical 
Management. 2nd ed. Cambridge: Cambridge University 
Press; 2009. 
17. Winichagoon P, Fucharoen S, Chen P, et al. Genetic 
factors affecting clinical severity in β-thalassemia 
syndromes. J Pediatr Hematol Oncol. 2000;22(6):573-80. 
18. Neishabury M, Azarkeivan A, Najmabadi H. Frequency 
of positive XmnI Gγ polymorphism and coinheritance of 
common alpha thalassemia mutations do not show 
statistically significant difference between thalassemia 
major and intermedia cases with homozygous IVSII-1 
mutation. Blood Cells Mol Dis. 2010;44(2):95-9. 
19. Yavarian M, Harteveld CL, Batelaan D, et al. Bernini LF, 
Giordano PC. Molecular spectrum of β-thalassemia in the 
Iranian province of Hormozgan. Hemoglobin. 
2001;25(1):35-43. 
20. Ansari SH, Shamsi TS, Ashraf M, et al. Molecular 
epidemiology of β-thalassemia in Pakistan: far reaching 
implications. Int J Mol Epidemiol Genet. 2011;2(4):403-8. 
21. Shah PS, Shah ND, Ray HSP, et al. Mutation analysis of 
β-thalassemia in East-Western Indian population: a recent 
molecular approach. Appl Clin Genet. 2017; 10:27-35.  
22. Patel AP, Patel RB, Patel SA, et al. β-Thalassemia 
Mutations in Western India: Outcome of Prenatal 
Diagnosis in a Hemoglobinopathies Project. Hemoglobin. 
2014; 38(5): 329-34. 
23. Abuzenadah AM, Hussein IMR, Damanhouri GA, et al. 
Molecular basis of β- thalassemia in the western province 
of Saudi Arabia: identification of rare β- thalassemia 
mutations. Hemoglobin. 2011; 35(4): 346-57. 
24. Baysal E. Molecular basis of β- thalassemia in the 
United Arab Emirates. Hemoglobin. 2011; 35(5-6): 581-8. 
25. Hamamy HA, Al-Allawi NA. Epidemiological profile of 
common haemoglobinopathies in Arab countries. J 
Community Genet. 2013; 4(2): 147-67. 
26. Saud AM, Al-Azzawie HF, Al-kazaz AA. Molecular study 
on β-Thalassemia Patients in Iraq. Curr Res Microbiol 
Biotechnol. 2013;1(4):160-5. 
27. Hashemieh M, Azarkeivan A, Najmabadi H, et al. The 
Effect of Xmn1 Gene Polymorphism on Blood Transfusion 
Dependency and Hemoglobin Concentration among 
Iranian Thalassemia Patients with IVSII-1 Mutation. Iran. J. 
Pediatr. Hematol. Oncol. 2019;9(3):184-92. 
28. Sharma N, Das R, Kaur J, et al.  Evaluation of the 
genetic basis of phenotypic heterogeneity in north Indian 
patients with thalassemia major. Eur J Haematol. 
2010;84(6):531-7. 
29. Nemati H, Rahimi Z, Bahrami G. The Xmn1 
polymorphic site 5' to the (G)gamma gene and its 
correlation to the (G)gamma:(A) gamma ratio, age at first 
blood transfusion and clinical features in beta-thalassemia 

patients from Western Iran. Mol Biol Rep. 2010 
Jan;37(1):159-64. 
30. Tantawy AA, Andrawes NG, Ismaeil A, et al. Prevalence 
of Xmnl Gγ polymorphism in Egyptian patients with β-
thalassemia major. Ann Saudi Med. 2012;32(5):487-91.   
31. Oberoi S, Das R, Panigrahi I, et al. Xmn1-Gγ 
polymorphism and clinical predictors of severity of disease 
in β-thalassemia intermedia. Pediatr Blood Cancer. 
2011;57(6):1025-8. 
32. Maryami F, Azarkeivan A, Fallah MS, et al. A large 
cohort study of genotype and phenotype correlations of 
beta-thalassemia in Iranian population. Int J Hematol 
Oncol Stem Cell Res. 2015 Oct 1;9(4):198-202.  
33. Irshad S, Muhammad A, Muazzam A, et al. Xmn1 
Polymorphism: A Silver Lining for β-Thalassemia Patients. 
Pak J Zool. 2019; 51(1):295-300. 
34. Thein SL. Genetic modifiers of the β-
haemoglobinopathies. Br J Haematol. 2008;141(3):357-
66. 
35. Miri-Moghaddam E, Nikravesh A, Gasemzadeh N, et al. 
Spectrum of alpha-globin gene mutations among 
premarital Baluch couples in southeastern Iran. Int J 
Hematol Oncol Stem Cell Res. 2015;9(3):138-42.  
36. Neyshabouri M, Abbasi-Moheb L, Kahrizi K, et al. 
Alpha-thalassemia: deletion analysis in Iran. Arch Iran 
Med. 2001; 4 (4): 160-164. 
37. Neishabury M, Oberkanins C, Moheb LA, et al. High 
prevalence of the− α3.7 deletions among thalassemia 
patients in Iran. Hemoglobin. 2003;27(1):53-5. 
 
 

 
 
 
 


