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Thalassemia Major and Intermedia 
Patients in East Java do not Show 
Fetal Hemoglobin Level Difference in 
Relation to XMNI Polymorphism
Retno Dwi Wulandari1,2, Diana Lyrawati3, Fatchiyah Fatchiyah4, Loeki Enggar Fitri5

ABSTRACT
Introduction: Thalassemia is a genetic disorder, which shows, varies phenotype due to genet-
ic modifier. XmnI is one of the genetic modifiers which affect clinical severity in thalassemia. 
XmnI polymorphism may increase HbF production beyond fetal life, thus ameliorating the 
clinical phenotype. Aim: this study aimed to investigate the difference in HbF level and the 
relation of HbF level and XmnI polymorphism in Thalassemia Major (TM) and Thalassemia 
Intermedia (TI) patients. Methods: forty-eight beta thalassemia patients (28 males and 20 
females), consists of 16 TM and 32 TI; mean age, 25.30 year old. Hemoglobin Fetal and 
HbA2 level were determined using High performance Liquid Chromatography (HPLC), and 
XmnI polymorphism was confirmed by PCR-RFLP. Statistical analysis was done using T-test, 
Mann-Whitney and Pearson Chi-square. Results: The frequency of heterozygote (+/-) XmnI 
polymorphism in TM and TI patients was 56.25% vs 71.87%, while the frequency of homozy-
gote (-/-) in TM and TI was 43.75% vs 28.13% with p value >0.05. The insignificant difference 
also found in HbF level between XmnI +/- and -/- in TM and TI patients. Conclusion: This study 
revealed that thalassemia major and thalassemia intermedia patients in East Java showed 
similar XmnI polymorphism. These phenomena also showed by HbF level in relation to XmnI 
polymorphism in the phenotype groups (TM and TI).
Keywords: thalassemia, major, intermedia, HbF level, XmnI.

1. INTRODUCTION
Thalassemia is one of the common 

genetic diseases in the world that 
characterized by chronic hemolytic 
anemia. Thalassemia patients with 
severe condition that needs regular 
blood transfusion were categorized 
as thalassemia major (TM), while 
those with milder disease severity 
are considered as thalassemia inter-
media (TI). Thalassemia intermedia 
patients usually need medical atten-
tion later in childhood, or adulthood 
and do not need regular transfusion 
to survive (1).

The clinical severity in thalassemia 
depends on three different mecha-
nisms of genetic modifiers. The first 
modifiers represent the inheritance 
of beta globin mutation, which affect 
beta globin gene production, from 
slightly reduced to totally absent 
beta chain production (finally, these 
determine the degree of alpha/beta 
globin imbalance). The second mod-
ifiers are the co-inheritance of alpha 
gene mutation (which decreases the 
unbound alpha globin chain). Sim-
ilarly, the imbalance in globin chain 

production could be reduced by over 
expression of gamma globin gene 
that elevates HbF level in the adult. 
The third modifiers included those 
which affect the complication of the 
disease but not related with globin 
chain production (1).

In adult, the predominant gene is 
alpha and beta globin to form HbA 
(α2β2) while in newborn baby. The 
60-80% of total hemoglobin is HbF 
(α2γ2). Although HbF was found 
abundant in fetal life, but before two 
years, its level decrease to less than 
1% until adult life (2, 3). The switch 
occurs just before birth, when beta 
globin replaces fetal gamma globin, 
which involves the same alpha globin 
(4). The switch mediated by Locus 
Control Region (LCR) on beta globin 
gene. Physical bending of chromatin 
needed to bring the LCR promotor 
first to gamma globin gene before 
switched to the beta globin gene 
(4). In beta thalassemia, there is de-
layed switch from gamma globin to 
beta globin expression, and as con-
sequently HbF levels remain above 
normal in most patients. Beta thalas-
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semia patients usually clinically present after 2 year of 
age (5), following the decrease in HbF production as the 
switch occur (6).

XmnI polymorphism was one of the genetic modifier 
known, which can modified gamma chain production. 
The polymorphism result in highly expressed gamma 
globin gene leading to increasing HbF level in adult life 
(7). The elevated HbF production may compensate for 
the low HbA level which caused by the abnormal beta 
globin chain. The polymorphism site located in -158 
promoter HBG2 gene will change C > T. Some studies 
reported significant association between the XmnI poly-
morphism and HbF level (8, 9). Carriers of the T allele of 
XmnI have shown to be more possible having a milder 
disease course (4). Research showed that the increasing 
of HbF production beyond fetal life has been a benefit for 
beta thalassemia patients as it can ameliorate the thal-
assemia phenotype (2) although negative relation also 
reported (10).

2. AIM
In this study we aimed a) to investigate the frequency 

of XmnI polymorphism in thalassemia major and inter-
media; b) to investigate the HbF level difference accord-
ing to gender and the XmnI polymorphism of phenotype 
group in both thalassemia major and intermedia; and c)  
to determine difference of HbF level in relation to XmnI 
polymorphism between thalassemia major and thalas-
semia intermedia patients in East Java, Indonesia.

3. MATERIAL AND METHODS
This research study approved by Ethical Committee 

of Health Research of Medical Faculty Wijaya Kusuma 
Surabaya University (No.10198/SLE/FK/UWKS/2018).

Patients
The thalassemia patients were member of Indonesian 

thalassemia’s parents association (POPTI). Thalassemia 
major (TM) patients were those who started transfusion 
before 5 year old with the needs regular (6-12 times per 
year) transfusion. Thalassemia intermedia patients start-
ed transfusion at 5 years old and after, with transfusion 
rate 0-12 times per year.

Sample preparation
After signing an informed consent, 10 ml blood 

was obtained from peripheral blood and collected in 
vacutainer for hematologic analysis including High Per-
formance Liquid Chromatography (HPLC) assays. He-
matologic analysis was taken by using Advia 2120 Sie-
mens. HPLC analysis was conducted using VariantTM II 
Thalassemia Short Program (Bio-Rad Laboratories, Her-
cules, CA, USA).  The VARIANT II ß-thalassemia Short 
Program utilizes principles of ion exchange high per-
formance liquid chromatography (HPLC). The samples 
are automatically mixed and diluted on the VARIANT 
II Sampling Station (VSS) and injected to the analytical 
cartridge. The VARIANT II Chromatographic Station 
(VCS) dual pumps deliver a programmed buffer gradient 
of increasing ionic strength to the cartridge, where the 
HbA2/F are separated based on their ionic interactions 
with the cartridge material. The separated HbA2/F then 

pass through the flow cell of the filter photometer, where 
changes in the absorbance at 415 nm are measured. An 
additional filter at 690 nm corrects the background ab-
sorbance. The VARIANT II Clinical Data Management 
(CDM) software performs reduction of raw data collect-
ed from each analysis. One-level calibration is used for 
adjustment of the calculated HbA2/F values. A sample 
report and a chromatogram are generated by CDM for 
each sample. 

We used a solvent reagentse.i. Elution buffer 1 and 2 
(containing sodium phosphate buffer), Whole Blood 
Primer (containing lyophilized human red blood cell 
hemolysate with gentamicin, tobramycin and EDTA as 
preservatives), HbA2/HbF calibrator/diluent set (lyo-
philized human red blood cell hemolysate containing 
gentamicin, tobramycin and EDTA as preservatives), 
and Diluent (contains deionized water with less than 
0.05% sodium azide as a preservative). 

Running method: HbA2/HbF calibrator reconstituted 
with calibrator diluent. The Whole Blood Primer pre-
pared by adding deionized water to the vial. Vials pre-
pared for Variant whole blood primer, deionized water, 
Variant A2/F calibrator,  positive and negative control, 
stop tube and vials for samples/patients. Vial 1 contains 
primer, vial 2 contains deionized water, vial 3 and 4 con-
tain HbA2/HbF calibrator, vial 5 and 6 contain control 
level 1 and 2, vial 7 to  N contain patient samples, N+1 
and N+2 contain control level 1 and 2, N+3 is stop tube. 
The result will be printed out from the HPLC.

PCR analysis of XmnI polymorphism
The XmnI was identified using PCR with primer pair: 

Forward (5’-AACTGTTGCTTTATAGGATTTT-3’) and 
Reverse (5’-AGGAGCTTATTGATAACTCAGAC-3’) 
and PCR profile as described by Said & Abdel-Salam 
(2015) (2). PCR was performed using Veriti (Applied 

Variable All samples TM
(n=16)

TI
(n=32) p value

HbA2 level (%)
Mean
Median
Range

31.28
27.9

6.2 – 69.8

25.93 33.95 0.225

HbF level (%)
Mean
Median
Range 

9.99
7

2 – 45.8
6.48 11.76 0.060

Table 2. The level comparison of HbA2 and HbF on TM and TI

Parameter N(%) Mean (±SD) Range p-value

Gender 48

Male 28(58.33) 10.8(9.8) 2.7-45.8 0.184

Female 20(41.67) 8.8(8.9) 1.1-37.5

XmnI polymorphism

Heterozygote (+/-) 32(66.7) 11.86(10.88) 1.1-45.8 0.058

Homozygote (-/-) 16(33.3) 6.27(3.45) 2.7-15.5

Table 1.  Comparison of Mean HbF level (%) in Relation to Gender and 
XmnI polymorphism
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Biosystem, USA). The PCR product was then run in 2% 
gel electrophoresis. 

If there was band, the process continued to digest the 
PCR product with restriction enzyme.

RFLP analysis of XmnI polymorphism
The PCR product was then digested using XmnI re- 

striction enzyme (Biolabs) following its instruction, 
yielding +/+ genotype as indicated having 450 and 200bp, 
heterozygote genotype (+/-) showed 3 bands at 650, 450 
and 200bp and -/- genotype showed only band at 650 bp 
after run in 2% agarose gel electrophoresis (Figure 1)

Statistical analysis
Data are presented as mean ±SD, range and percent-

age. T-test was performed to analyze the difference of 
the mean, first transfusion age and transfusion rate per 
year between phenotype groups (TM and TI). Hemoglo-
bin Fetal level difference according to sex and XmnI (-/- 
and +/- polymorphism) was analyzed using Mann-Whit-
ney test. The Mann-Whitney test also used to analyze 
the difference of HPLC results (HbA2 and HbF) between 
phenotype groups as well as the relation between HbF 
level and XmnI polymorphism in TM and TI. Pearson’s 
Chi-squared was used to compare between XmnI -/- and 
XmnI +/- polymorphism in TM and TI. P value < 0.05 
was considered statistical significant. Data were ana-
lyzed using SPSS 20.

4. RESULTS
A number of 48 patients which 28 (58.35%) were males 

and 20 (41.7%) were females involved in this study. Al-
though the number of female patients in this study was 
lower than male, but since thalassemia inherited as au-
tosomal recessive, means that female and male have the 
same chance to get the disease. The sample’s age data 
(mean age 25.30 yo) with the difference of mean age be-
tween male (24.01yo) and female (27.1yo) was not signif-
icant (p=0.24). In this study, XmnI gene polymorphism 
was only found in heterozygote form with overall fre-
quency was 66.7%. Mean HbF level comparison between 
heterozygote (+/-) XmnI polymorphism and homozy-
gote (-/-) genotype showed nearly significant difference, 
while comparison between male and female showed no 
significant difference (Table 1).

After grouped into TM and TI, the mean age of TM 
was 21.75yo and TI 27.08yo (p value = 0.052); mean age 
of 1st transfusion was 2.59yo vs. 11.68yo (p value = 0.00), 
while mean transfusion rate/year 9.52 vs. 7.7 (p value = 
0.169).

The comparison of HbA2 and HbF level between TM 
and TI patients presented in Table 2 where the insignifi-
cant difference found in both mean HbA2 and HbF level 
between TM and TI patients.

Among TM and TI patients, more patients showed 
heterozygote XmnI polymorphism than homozygote 
(-/-). The frequency of heterozygote XmnI polymor-
phism was 71.87%% in TI group compared to 56.25% in 
TM group. The difference of XmnI polymorphism’s fre-
quency between TM and TI presented in Table 3, which 
showed that there was no significant difference between 
the homozygote (-/-) and heterozygote (+/-) XmnI poly-
morphism in TM and TI patients (p=0.279).

HbF level comparison between phenotype (TM and 
TI) and XmnI polymorphism are presented in Table 4.

The mean HbF level both in TM and TI patient with 
heterozygote XmnI polymorphism was higher compared 
to those with the absence of polymorphism, but the dif-
ference was not significant (p = 0.536 and p = 0.122); the 
mean HbF level difference between TM and TI with ho-
mozygote (-/-) and heterozygote XmnI polymorphism 
also did not showed significant difference (p = 0.470 and 
p = 0.157) respectively.

5. DISCUSSION
Thalassemia major patients refer to those who need 

regular transfusion which started before 2 year old, but 
occasionally the presentation could be delayed until 4-5 
years (11, 12). 

In this study, patients got transfusion before 5 year 
old, as there were possibilities delayed which may be 
due to factors such as: a) the lack of parents’ knowledge 
or caring for their children; b) socioeconomic factor; 
c) the knowledge of health worker about the disease; 
d) the limitation of thalassemia prevention program in 
identifying thalassemia earlier. While to be survive, pa-
tients with thalassemia intermedia usually do not need 
regular transfusion, or only occasional and can be even 
more frequent in certain condition (13). We found that 

Phenotype XmnI -/-
(n=16)

XmnI +/-
(n=32)  p value

TM (n=16)
TI (n=32)

7(43.75%)
9(28.13%)

9(56.25%)
23(71.87%)  0.279

Table 3. The Frequency of XmnI -/- and XmnI +/- polymorphism in TM 
and TI

Phenotype
Level of HbF

P valueXmnI -/-
Mean (±SD)

XmnI +/-
Mean (±SD)

TM 5.71(3.44) 7.07(4.71) 0.536

TI 6.70(3.61) 13.73((12.07) 0.122
P value 0.470 0.157

Table 4. The Level of HbF in homozygote (-/-) and heterozygote XmnI 
Polymoprhism between TM and TI

homozygote (-/-) and heterozygote XmnI polymorphism also did not showed significant 
difference (p = 0.470 and p = 0.157) respectively. 
 

 
Figure 1. Gel electrophoresis of G gamma gene (-158 C>T) PCR-RFLP with XmnI restriction 
enzyme. Lane 1: DNA marker 100 bp, lane 2: 650 bp band from patient with XmnI (-/-) 
polymorphism, lane 3-5: 650bp, 450 bp and 200 bp bands from patients with XmnI (+/-) 
polymorphism. 
 
 
5. DISCUSSION 
Thalassemia major patients refer to those who need regular transfusion which started before 2 
year old, but occasionally the presentation could be delayed until 4-5 years.(11,12) In this study, 
patients got transfusion before 5 year old, as there were possibilities delayed which may be 
due to factors such as: 1). the lack of parents’ knowledge or caring for their children; 2) 
socioeconomic factor; 3) the knowledge of health worker about the disease; 4) the limitation 
of thalassemia prevention program in identifying thalassemia earlier. While to be survive, 
patients with thalassemia intermedia usually do not need regular transfusion, or only 
occasional and can be even more frequent in certain condition.(13) We found that some TI 
patients got 12 times per year although the first transfusion received later in age. The 
possibilities were: 1) transfusion needed for growth and development; 2) recurrent infection 
(patients with middle-low economic status); 3) social purposes, if it needed for activity. In the 
case of relation to activity needs, some mothers asked for transfusion before their child started 
to have exam. Taher, et al (2015)(14) reported that there was possibility that some HbE/ß 
thalassemia (TI) patients got unnecessary transfusion as severe anemia and acute haemolysis 
exacerbated by infection.  

Beta thalassemia patients usually show increasing HbA2 and HbF level. By examination using 
HPLC, hemoglobin variants such as HbS, HbE, and Hb Lepore result in higher HbA2 levels 
compared to those using capillary electrophoresis (CE) due to co-elution.(15) Our data showed 
that the level of HbA2 in TI was higher than TM although the difference was not significant. 
Khera, et al (2015)(16) also reported that it might be caused by more HbE variant in TI than 
TM. 

Although there is elevation of HbF production in beta thalassemia, this study showed that the 
mean HbF level was not different in relation to gender. This result in line with study by Lim, 
et al.(17) We also found that the overall positive heterozygote XmnI polymorphism frequency 
was quite high (66.7%), although there was no difference between homozygote (-/-) and 
heterozygote XmnI polymorphism in TM and TI. This result confirmed the earlier studies by 
Neishabury, et al (2010) and Said & Abdel-Salam (2015) which showed no relation between 
C to T substitution in XmnI polymorphism with phenotype severity (thalassemia major and 
intermedia).(2,18)  

650 bp  

450 bp 

200 bp 

Figure 1. Gel electrophoresis of G gamma gene (-158 C>T) PCR-RFLP 
with XmnI restriction enzyme. Lane 1 (left side): DNA marker 100 bp, 
lane 2: 650 bp band from patient with XmnI (-/-) polymorphism, lane 
3-5: 650bp, 450 bp and 200 bp bands from patients with XmnI (+/-) 
polymorphism.
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some TI patients got 12 times per year although the first 
transfusion received later in age. The possibilities were: 
a) transfusion needed for growth and development; b) 
recurrent infection (patients with middle-low economic 
status); c) social purposes, if it needed for activity. 

In the case of relation to activity needs, some mothers 
asked for transfusion before their child started to have 
exam. Taher, et al (2015) (14) reported that there was 
possibility that some HbE/ß thalassemia (TI) patients 
got unnecessary transfusion as severe anemia and acute 
haemolysis exacerbated by infection.

Beta thalassemia patients usually show increasing 
HbA2 and HbF level. By examination using HPLC, hemo-
globin variants such as HbS, HbE, and Hb Lepore result 
in higher HbA2 levels compared to those using capillary 
electrophoresis (CE) due to co-elution (15). Our data 
showed that the level of HbA2 in TI was higher than TM 
although the difference was not significant. Khera, et al 
(2015) (16) also reported that it might be caused by more 
HbE variant in TI than TM.

Although there is elevation of HbF production in beta 
thalassemia, this study showed that the mean HbF level 
was not different in relation to gender. This result in line 
with study by Lim, et al. (17).  We also found that the over-
all positive heterozygote XmnI polymorphism frequency 
was quite high (66.7%), although there was no difference 
between homozygote (-/-) and heterozygote XmnI poly-
morphism in TM and TI. This result confirmed the ear-
lier studies by Neishabury, et al (2010) and Said & Ab-
del-Salam (2015) which showed no relation between C to 
T substitution in XmnI polymorphism with phenotype 
severity (thalassemia major and intermedia) (2, 18).

Research showed that the increasing of HbF production 
beyond fetal life has been a benefit for beta thalassemia 
patients as it can ameliorate the thalassemia phenotype 
(2) by reducing the imbalance in alpha/beta globin chain 
synthesis. This would lead to a milder phenotype, thalas-
semia intermedia, despite similar beta genotype and no 
co-inheritance of alpha mutation (2, 5, 17).  Although in 
this study HbF level in TI was higher than in TM but the 
difference was not significant. As presented in Table 3, 
the polymorphism was only found in heterozygote form, 
while among +/- XmnI polymorphism, the number of TI 
patients showed higher percentage compared to TM (p 
value >0.05). This was one of few studies, which found 
that XmnI polymorphism difference between TM and 
TI was not significant. This result in line with previous 
study by Tyagi, et al (2003) which resulted no statistical-
ly significant difference between positive heterozygote 
XmnI polymorphism in thalassemia major and thalas-
semia intermedia (10).

Interestingly, this study found a new frequency of het-
erozygote polymorphism. The frequency of heterozygote 
polymorphism in this study was different from previous 
study done on HbE/ß and ß thal/ ß thal patients in Cen-
tral Java, Indonesia, which found +/+ polymorphism in 
3.7% and +/- polymorphism in 20.6% samples (8). The 
difference from previous study may be due to difference 
frequency in the different population.

Patients with heterozygote XmnI polymorphism 
showed higher expression of HbF compared to those 
without polymorphism with nearly significant differ-
ence (p value = 0.058). The insignificant difference also 
showed when HbF level in homozygote XmnI (-/-) and 
heterozygote (+/-) polymorphism compared between 
phenotype group (TM and TI). This showed that HbF 
level and XmnI polymorphism could not make the sig-
nificant difference between TM and less severe TI phe-
notype. The most possibility for main contributor was 
the inheritance of mild beta mutation in TI than XmnI 
polymorphism.

To our knowledge, this is the first study that reports 
the frequency of XmnI polymorphism and HbF level 
comparison in relation to XmnI polymorphism in Thal-
assemia Major and thalassemia intermedia in East Java, 
Indonesia.

6. CONCLUSION
This study demonstrates that thalassemia major and 

intermedia patients in East Java do not show homozy-
gosity (+/+) of XmnI polymorphism, while the heterozy-
gous state (+/-) shows the highest frequency. There is no 
XmnI (-/-) and (+/-) polymorphism difference between 
thalassemia major and thalassemia intermedia patients. 
The HbF level in relation to XmnI polymorphism be-
tween thalassemia major and intermedia patients do not 
show difference as well. It needs further research to de-
termine the main contributor to the less severe pheno-
type in thalassemia intermedia patients.

Limitation of the study: According to small patient 
population, it limits us to draw general conclusion, that it 
may needs further study to prove the finding with larger 
sample size and different population for thalassemia ma-
jor and thalassemia intermedia patients.
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