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Abstract: β-thalassemia major is a genetic disorder of hemoglobin production that results in a diminished 
rate of synthesis of one or more of the globin chain causing variable degrees of anemia. The protein 
AHSP is an alpha-globin-specific chaperon that has an impact on disease severity in patients with β-
thalassemia. studies on the disease markers are still lacking in Iraq. In the recent study, the real time-
polymerase chain reaction (RT-PCR) and ELISA techniques were used to investigate and measure the 
AHSP gene expression in β-thalassemia patients and control, as well as to measure the expression of α 
and β globin genes in β-thalassemia patients, and to evaluate the serum concentration of  A1pha 
hemoglobin stabilizing protin (AHSP) in patients and the control group. This study was conducted on 90 
β-thalassemia patients and 60 healthy as a control group. Blood samples were obtained from the 
thalassemia patients in Wasit Center / Wasit governourat for Hereditary Anemia for the period from 
August 2020 to January 2021. The results showed a decrease in AHSP expression in β-thalassemia 
patients compared with the control. The human AHSP concentration estimated by ELISA appeared to 
have a significant decrease in the level of AHSP in the serum in β-thalassemia patients compared with the 
control. In conclusion, AHSP expression is limited and acts as a disease modifier in β-thalassemia. The 
identification of novel targets will improve the management of this disease. 
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Introduction 
Thalassemia is a complex of 

various hereditary disorders of 
hemoglobin combination featuring 
insufficient production of at least one of 
the globin chains driving imbalanced 
globin-chain production, damaged 
hemoglobin eventually causes anemia 
(1). β-thalassemia is a recessive 
hereditary autosomal monogenic 
disorder caused by point mutation or 
mild deletions of the 11 βHb genes 
(HBB) allele, leading to a loss or loss of 
βHb. As a result, there is a constant 
overload of incomparable αHb subunits 
that is very close to binding and 
contributes to aggregation and 
precipitation in patients with β-
thalassemia. Subsequently, aggregated 

αHb causes oxidative damage via ROS 
and encourages RBC degradation (2).  

A highly expressed protein called 
alpha hemoglobin stabilizing protein 
(AHSP) can act as a chaperone for free 
chains and prevent their precipitation. It 
is known as an alpha-hemoglobin (α-
Hb) chaperone which specifically 
recognizes the a-Hb G and H helices, 
forming a steady complex with free α-
Hb till it binds its b-subunits partner (3). 
If the AHSP gene is functional in 
thalassemia patients, AHSP binds to 
αHb subunit and prevents it from 
aggregating and precipitating (4). 
However, the condition deteriorates if 
AHSP gene mutations co-exist in β-
thalassemia patients (5). 
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Experimental evidence has been 

suggesting that AHSP can be a potential 
modifier of β-thalassemia via 
compensatory mechanisms in erythroid 
precursors and can be a part of 
therapeutic strategy ameliorating αHb 
toxicity and the clinical severity of the 
disease(6). Although AHSP expression 
links to the severity of beta-thalassemia, 
its function as a potential genetic 
modifier of disease severity, has not yet 
been recognized, therefore, this research 
aimed to explore AHSP gene expression 
and its relation with alpha and beta-
globin genes expression in a sample of 
β-thalassemia Iraqi patients. 
 

Materials and methods 
This study was conducted during 

the period from August 2020 to January 
2021. All the study experiments were 
performed at the Institute of Genetic 
Engineering and Biotechnology for the 
Postgraduate Studies / University of 
Baghdad as well as the laboratories of 
Wasit Centre for Heredity Anemia/ 
Wasit governourat.  

 

Ethical approval and participants' 

consent  
This study was approved by the 

council of the Institute of Genetic 
Engineering and Biotechnology / the 
University of Baghdad. Signed written 

consent was taken from each individual 
participating in the study. 

 

The study design, sample size, and 
selected criteria or   

Samples were selected in this study 
included B-thalassemia major patients 
from Wasit Centre for Hereditary 
Anemia diagnosed as B-thalassemia 
major. 

The selected ninety B-thalassemia 
major patients with 5-22 age range 
included 48 males and 42 females 
diagnosed with Hb electrophoresis, 
complete blood count had been 
diagnosed by the center's physicians and 
sixty apparently healthy individuals in 
the control group included 34 males and 
26 females. The personal information 
for each patient and control was 
obtained by a special questionnaire 
form. 
 

Excluded criteria  
Patients group received therapy for 

thalassemia were excluded from this 
study, as well as patients with Hepatitis 
B and C and splenectomized patients 
were also excluded.  

1- Primers  
Table (1) shows the primers and 

probes used in the study. 

 

Table (1): The probes and primers used in this study  

Primer Sequence (5ʹ→3ʹ direction) References 

Alpha-globin  

Forward AACTTCAAGCTCC TAAGCCACTGC 

Ahmed et al, (3) 

Reverse CGAG-GCTCCAGCTTAACGGTATTTG 

Beta-globin 

Forward ATCCTGAGAACTTCAGGCTCCTGGG 

Reverse GAGCTTAGTGATACTTGTGGGCCAG 

AHSP 

Forward CCTGTTAGACCTGAAGGCAGATGGC 

Reverse AGTCCTCCACCACAGTCACCA TGT 

Beta-actin (Hanse keeping gene) 

Forward CCACACTGTGCCCATCTACG-3 

Reverse CCGTGGTGGTGAAGCTGTAG 
 

 

 

Methods 

1- Blood Sample collection 
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Blood sample (5) ml was obtained 

from each individual in each group by 
venipuncture using disposable syringes, 
blood was placed directly into EDTA 
anticoagulant tubes for Hb 
electrophoresis and complete blood 
count (CBC), and to evaluate the AHSP 
gene expression by quantitative real-
time PCR (qRT-PCR). 

Two ml of blood without EDTA 
was used to measure the serum level of 
AHSP by the ELISA kit. 

2- RNA extraction from blood 
samples 

The RNA extraction from whole 
blood of both patient and healthy 
control subjects was done by using the 
protocol in EasyPure

®
 Blood Genomic 

RNA Kit (Transgen, China) according 
to the company's instructions. 

Then, RNA concentration and 
purity were measured by Nanodrop. The 

nucleic acid concentration and purity 
ratio are automatically calculated by the 
NanoDrop spectrophotometer and the 
results are ranged between (30- 120 
ng/μl) and (1.8-2) respectively. 
3- One step gDNA removal and 

cDNA synthesis   
The cDNA synthesis was subjected 

by using the protocol in 
EasyScript

®
 One-Step gDNA Removal 

and cDNA Synthesis SuperMix 
(Catalog No.AE311). 
 
Incubation 

For random primer, it was incubated 
at 25°C for 10 minutes, and for Anchored 
oligo (dT)18 primer and GSP, incubated at 
42°C for 15 minutes  (for qPCR) incubated 
at 85°C for 5 seconds to inactivate enzymes 
as shown in table (2). 

 

Table (2): Thermal cycler steps 

 Step1 Step2 Step3 

Temperature 25 C 42 C 85 C 

Time 10min 15min 5seconds 

 Random Primer (N9) Anchored Oligo(dT)18 
Inactivate reverse 

transcriptase enzyme 

 

TransStart® top Green qPCR 

SuperMix 
This procedure was carried out in a 

reaction volume of 20 µl according to 
the manufacturer's instructions.   
 

Quantitative (qRT–PCR)  
The expression levels of the AHSP 

gene were estimated by qRT-PCR. To 
confirm the expression of the target 
gene, a quantitative real-time qRT-PCR 
SYBR Green assay was used. Primer 
sequences are shown in table (1).   

The mRNA levels of endogenous 
control housekeeping gene were 
amplified and used to normalize the 
mRNA levels of the housekeeping was 
prepared according to gene primers 
sequences are also shown in table (1).  
 

Primer preparation 
After dissolving the lyophilized 

primers in nuclease-free water 
according to the manufacturer to make a 
stock solution with a concentration of 
100 µM for each primer, a primer 
working solution was prepared and 
stored at          (-23°c). Diluting 10µL of 
primers stock solution in 90 µL of 
nuclease-free water yielded a working 
solution with a concentration of 10 µM, 
which was stored at (-23°C) until use. 

The Qiagen Rotor gene Real-time 
PCR System with qPCR soft software 
was used for QRT-PCR. Using the 
TransStart® Top Green qPCR 
SuperMix Kits components, the gene 
expression levels and fold change were 
quantified by measuring the threshold 
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cycle (Ct). Every reaction was 
performed in duplicate, and negative 
controls included a non-template control 
(NTC), a non-amplification control 
(NAC), and a non-primer control 
(NPC). 

 

Housekeeping (β-actin) gene 

amplification: 
As an internal control, the 

housekeeping gene was used to 
calculate the Ct value. A qPCR reaction 
for housekeeping gene amplification 
was performed using the thermal profile 
shown in table (3). 

 
Table (3): Thermal profile of gene expression 

Step Temperature Duration Cycles 

Enzyme activation 94ºC 30 Sec Hold 

Denature 94ºC 5 Sec 
40 

Anneal/extend 62ºC 30 Sec 

Dissociation 55 ºC-95 ºC  

 

Real-Time qRT-PCR analysis of 

genes expression 
TGenes are used in the calculation 

of the Ct value.  A qPCR reaction for 

gene amplification was performed using 
the Thermal profile shown in the 
table(4).  

 
Table (4): Thermal profile of AHSP, α-globin, and β-globin gene expression. 

Step Temperature Duration Cycles 

Enzyme activation 94ºC 30 Sec Hold 

Denature 94ºC 5 Sec 
40 

Anneal/extend 68ºC 30 Sec 

Dissociation 55 ºC-95 ºC  
 

Statistical analysis  
The Statistical Analysis System- 

SAS (7) program was used to detect the 
effect of different factors on study 
parameters. T-test and Least significant 
difference –LSD test (Analysis of 
Variation-ANOVA) was used to 
significantly compare between means. 
The Chi-square test was used to 
significantly compare between 
percentage (0.05 and 0.01 probability. 
Estimate the correlation coefficient 
between variables in this study. 

Results and discussion  

Molecular analysis  

Transcriptomic RNA extract for the 

blood samples 
Total RNA was successfully 

extracted from all samples. The 
concentration of total RNA was 82±11 
ng/ μl in the patients' group ranging 
from 68 to 97 ng/μl and in the control 
group; it was 83±12,  the concentrations 
and purity of total RNA are shown in 
tables(5).

Table (5): Concentration of total RNA 

Group 
Total RNA concentration 

(Mean ± SD) 

Range ng/ μl 

 

Group 2 : Patient (no.= 90) 82±11 68-97 

Group 1 :Control (no.= 60) 83±12 71-98 

T-test 7.931 NS --- 

p-value 0.602 --- 

The purity of total RNA samples 
was 2.08±0.04 ng/μl in the patients' 

group ranging from 1.98 to 2.19 ng/μl 
and in the control group; it was 
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2.07±0.05 ranging from 1.96  to 2.19 
ng/μl, the concentrations and purity of 
total RNA are shown in table (6). 

 
 
  

 

Table (6):  Purity of total RNA sample 

Group 
Purity Total RNA 

(Mean ± SD) 
Range 

Group 2 : Patient (no.= 90) 2.08±0.04 1.98-2.19 

Group 1 :Control (no.= 60) 2.07±0.05 1.96-2.19 

T-test 0.317 NS ---- 

p-value 0.294 --- 
 

Complementary DNA (cDNA) 

synthesis 
cDNA reverse transcription was 

conducted on the second day of RNA 
extraction.  A common primer reaction 
was applied since it was needed to have 
cDNA for all the genes in the study and 
housekeeping genes. 

 The efficiency of cDNA 
concentration was evaluated using 
qPCR, and all steps were associated 
with perfect yield, indicating efficient 
reverse transcription. 

 

Gene expression  
In the current study, gene 

expression was measured using (RT-
qPCR), a fluorescent dye that 
recognizes any double-strand DNA, 
including cDNA, and the amplification 
was recorded as a Ct value (cycle 
threshold) . The presence of more copies 
of the target was indicated by a lower Ct 
value and vice versa.  

In terms of gene expression, the 
highest value indicates low gene 
expression and a low Ct value indicates 
high gene expression (8,9). 
 

Real-time PCR quantification of β-

actin expression 
Housekeeping genes are widely 

used as internal fertile for gene 
expression normalization for western 
blotting, northern blotting, RT-PCR, 
(10). A good correlation between gene 
expression values was obtained when 
using β-actin as a reference gene(11). 

The Ct value of β-actin and the 
housekeeping gene used in the present 
study is shown in table (7). The Ct 
value was (15.490 ± 1.25) in the 
control, its range was (15.39-15.55), 
and the Ct value was (15.492±1.39) in 
the patients and the range (15.01-15.68).  

No significant difference was found 
between these groups regarding the 
mean Ct value of β-actin. 

 

      Table (7): Comparison between different groups in CT value of β-actin. 

Group No. Mean ± SD of Ct value Range 

Group: Patient 90 ± 1.3929..51 19.12-15.86 

Group: Control 60 ± 1.2529..51 19.39-15.55 

T-test --- 1.882 NS --- 

P-value --- 0.738 --- 

NS: Non-Significant. 
 

The 2
-Ct 

value in the control group 
was (2.173E-05) and in β-thalassemia 
patients it was (2.17E-05). The 
computed ratio for gene fold expression 
was 1.00 and 0.998 respectively. These 

small variations in gene fold expression 
between the study groups render the β- 
actin gene a useful control gene, as 
shown in table (8). 
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Table (8): Comparison of β- actin Fold expression between study groups 

Group 
Means Ct of 

B-actin 
2

-Ct
 

Experimental group/ 

Control group 

The fold of gene 

expression 

Group: Patients 29..51 2.17E-05 2.17 E-05/2.173E-05 0.998 

Group: Control 29..51 2.173E-05 2.173E-05/2.173E-05 1 
 

The amplification plots and 

dissociation curves for each run were 

recorded, figure(1) shows the 

amplification and dissociation curves 

for the β-actin gene. 

The β-actin gene encodes a 

cytoskeleton structural protein and is 

possibly the most widely used gene for 

normalization in gene expression 

experiments (12). 
 

 
 

Figure (1): B actin amplification plots by qPCR samples included all study groups. The photograph 

was taken directly from the Qiagen Rotor gene Q 6000 qPCR machine 
 

Real-time PCR quantification of 

AHSP expression 

The AHSP gene was located on 

human chromosome 16 and the 

structure of AHSP mutation leading to 

its reduced expression or altered 

function provides evidence that AHSP 

could modulate β-thalassemia (13). 

Results of real-time PCR 

quantification of AHSP gene expression 

are shown in table(10).  

The Ct value of AHSP is shown in 

table (9). The Ct mean value was 

(20.82) in the control, the Ct mean 

value for patients was (19.92), the fold 

gene expression for the control group 

was 1.00 and for β-thalassemia patients 

group was (1.868). 

There is a statistically significant 

decrease in gene expression of Ct 

AHSP, Ct β-globin, and Ct α-globin in 

β-thalassemia patients compared with 

the control group but Ct β-actin 

appeared non-significant difference 

between patients and control.  

The hypothesis is that AHSP may 

act as a genetic modifier in β-

thalassemia and this is proven by 

(14,15). 

Reduced AHSP mRNA expression 

has been associated with clinical 

variability in some cases of β-

thalassemia, it has been shown that α-

Hb variability may also impair AHSP-

αHb interaction (16). 

The association between reduced 

AHSP mRNA expression and a more 

severe phenotype among individuals 

with identical β-thalassemia (17). 
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Table (9): Fold of AHSP expression depending on 2-

ΔCt
method 

Groups 

Means 

Ct of 

AHSP 

Means 

Ct of 

B actin 

ΔCt (Means Ct 

of AHSP - 

Means Ct of 

B actin) 

2-
ΔCt

 

experimental 

group/ Control 

group 

The fold of 

gene 

expression 

Group: 

Patient 
19.92 29..51 4.428 0.0464557 0.0464/0.0248 1.868 

Group: 

Control 
20.82 29..51 5.33 0.0248605 0.0248/0.0248 1 

 

The Ct value of AHSP used in the 

present study is shown in table (10). 

The 2-ΔΔCt  mean value was (20.82) in 

the control, and the 2-ΔΔCt  mean value 

for patients was (19.92), the fold gene 

expression for the control group was 

1.00 and for β-thalassemia patients 

group was (1.868). 
 

Table (10): Fold of AHSP expression depending on 2-ΔΔCt method. 

groups 

Means 

Ct of 

AHSP 

Means 

Ct of 

B 

actin 

ΔCt (Means 

Ct of AHSP 

- Means Ct 

of 

B actin) 

Mean ΔCt 

Calibrator 

(ct AHSP-

ct B actin 

ΔΔCt 2-ΔΔCt 

experimental 

group/ 

Control 

group 

The fold 

of gene 

expression 

Group: 

Patient 
19.92 29..51 4.428 8.71 -4.282 19.45 19.45/10.41 1.868 

Group: 

Control 
20.82 29..51 5.33 8.71 -3.38 10.41 10.41/10.41 1 

 

Each run's plot, including the 

amplification plots and dissociation 

curves, was recorded, figures (2) and (3) 

show the amplification and dissociation 

curves for the AHSP gene. 

 

 
Figure (2): All study groups were represented in the AHSP amplification plots by qPCR samples. 

The image was captured using the Qiagen Rotor gene Q 6000 qPCR machine. 
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Figure (3): AHSP dissociation curves by qPCR Samples included all study groups. Melting 

temperature ranged from 81°C to 83°C. The photograph was taken directly from the Qiagen Rotor 

gene Q 6000 qPCR machine. 
 

The AHSP gene structure was 

determined by nuclear magnetic 

resonance spectroscopy (NMR) and X-

ray crystallography (13). 

Impaired AHSP was also detected 

to be associated with the development 

of β-thalassemia (2). 

Results  of this study were agreed 

with (18)  because the observed AHSP 

gene expression decreased in mild as 

compared with moderate and severe β-

thalassemia,  The AHSP helps in the 

stabilization and solubility of α-globin 

chains to avoid ineffective 

erythropoiesis by forming a stable but 

reversible complex with free α-globin 

chain (19), also AHSP prevents the 

toxic effect of α-globin by hindering it 

precipitation and enhancing its thermal 

stabilizing, this function is performed 

by enhancing proper folding of the α-

Hb, inhabiting auto-oxidation of holo α-

Hb, as well as refolding of any 

denaturation protein (18). 

 

Real-time PCR quantification of β-

globin expression 

β-thalassemia is an autosomal 

disorder characterized by a genetic 

defect in the synthesis of the α-globin 

chain in hemoglobin. A lack of β-globin 

chains causes intracellular precipitation 

of excess -globin chains, resulting in 

ineffective erythropoiesis. In general, a 

faulty β-globin gene results in a 

reduction (β+)  or absence (β°)  of the 

gene product (20). 

The Ct value of betα-globin and the 

housekeeping gene used in the present 

study is shown in table (11). The Ct 

mean value was (15.40) in the control, 

the Ct mean value for patients was 

(13.73), the fold gene expression for the 

control group was 1.00 and for the β-

thalassemia patients group was (3.186). 
 

Table (11): Fold of β-globin expression depending on 2-ΔΔCt Method 

Groups 

Means 

Ct of 

β-

globin 

Means 

Ct of 

B 

actin 

ΔCt 

(Means Ct 

of β-globin 

- Means Ct 

of B actin) 

Mean ΔCt 

Calibrator 

(ct B g. -ct 

B actin 

ΔΔCt 2-ΔΔCt 

Experimental 

group/ 

Control 

group 

The fold of 

gene 

expression 

Group: 

Patients 
13.73 29..51 -1.762 2.042 -3.804 13.967 13.96/4.38 3.186 

Group: 

Control 
15.40 29..51 -0.09 2.042 -2.132 4.383 4.38/4.38 1 
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The Ct value of betα-globin and the 

housekeeping gene used in the present 

study is shown in table (12). The 2-

ΔΔCt  mean value was (15.40) in the 

control, and the 2-ΔΔCt  mean value for 

patients was (13.73), the fold gene 

expression for the control group was 

1.00 and for β-thalassemia patients 

group was (3.186). 

 
Table (12): Fold of betα-globin expression depending on the 2-

ΔCt
 method 

Groups 

Means 

Ct of 

β-globin 

Means 

Ct of 

β actin 

ΔCt (Means Ct of 

β g. - Means Ct of 

β actin) 

2-
ΔCt

 

Experimental 

group/ Control 

group 

The fold 

of gene 

expression 

Group: 

Patient 
13.73 29..51 -1.762 3.3916799 3.391/1.064 3.186 

Group: 

Control 
15.40 29..51 -0.09 1.0643702 1.064/1.064 1 

 

 
 

The plot of each run was recorded 

including the amplification plots and 

dissociation curves – Figures (4) and (5) 

show the amplification and dissociation 

curves for the beta-globin gene. 

 

 
Figure (4): Beta-globin amplification plots by qPCR samples included all study groups. The 

photograph was taken directly from Qiagen Rotor gene Q 6000 qPCR machine. 

 

 
Figure (5):  Beta globin dissociation curves by qPCR samples included all study groups. Melting 

temperature ranged from 81°C to 83°C. The photograph was taken directly from Qiagen Rotor 

gene Q 6000 qPCR machine. 

 

Real-time PCR quantification of α-

globin expression 

There are four functional α-globin 

genes in a normal individual and each 

individual inherits two α-globin alleles 
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from each parent. Deletion of one or 

both α-gene from chromosome 16 

occurs in 95% of cases, which results in 

the reduction of α-globin chain 

expression(21). 

The Ct value of alphα-globin and 

the housekeeping gene used in the 

present study is shown in table (13). 

The Ct value was (24.75) in the control, 

and the Ct value was (18.65) in the 

patients. The fold gene expression for 

the control group was 1.00 and for the 

β-thalassemia patients, the group was 

(68.68). 
 

Table (13): Fold of Alpha globin expression depending on 2-
ΔCt

method 

Groups 

Means 

Ct of 

α-globin 

Means Ct 

of 

B actin 

ΔCt (Means 

Ct of α-globin 

- Means Ct of 

B actin) 

2-
ΔCt

 

experimental 

group/ 

Control 

group 

The fold 

of gene 

expression 

Group: 

Patient 
18.65 29..51 3.158 0.1120333 0.1120/0.0016 68.68 

Group: 

Control 
1..49 29..51 9.26 0.0016 0.0016/0.0016 1 

 

The Ct value of α-globin and the 

housekeeping gene used in the present 

study is shown in table (14). The 2-

ΔΔCt value was (24.75) in the control, 

and the 2-ΔΔCt value was (18.65) in the 

patients. The fold gene expression for 

the control group was 1.00 and for the 

β-thalassemia patients, the group was 

(68.68). 

 
Table (14): Fold of Alpha globin expression depending on 2-ΔΔCt method 

groups 

Means Ct 

of 

α-globin 

Means 

Ct of 

B actin 

ΔCt 

(Means 

Ct of α-

globin - 

Means Ct 

ofB actin) 

Mean ΔCt 

Calibrator 

(ct α-globin 

-ct B actin 

ΔΔCt 
2-

ΔΔCt 

experimental 

group/ 

Control 

group 

The fold 

of gene 

expression 

Group: 

Patient 
18.65 29..51 3.158 6.1.5 

-

4.881 
29.466 29.466/0.428 68.68 

Group: 

Control 
1..49 29..51 9.26 6.1.5 1.221 0.428 0.428/0.428 1 

 

The plot of each run was recorded 

including the amplification plots and 

dissociation curves, figures (6) and (7) 

show the amplification and dissociation 

curves for an alphα-globin gene. 

 

 
Figure (6): Alpha globin amplification plots by qPCR samples included all study groups. The 

photograph was taken directly from the Qiagen Rotor gene Q 6000 qPCR machine. 
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Figure (7): Alpha globin dissociation curves by qPCR samples included all study groups. Melting 

temperature ranged from 81°C to 84°C. The photograph was taken directly from the Qiagen Rotor 

gene Q 6000 qPCR machine. 
 

 

Results have disagreed with 

Chakalova et al. (22) because they 

observed α and β globin were 

significantly different in β-thalassemia 

patients, the disagreement may be due 

to the difference in the gene of the USA 

from the Iraqi population and 

environmental factors, in a recent study 

the results appeared that there was a 

non-significant difference between β-

thalassemia patients and control for α 

and β-globin. 

But results were agreed with Han et 

al., (23) and disagreed with Voon and 

Vadolas (24) in Australi. 

Also disagreed with Ranjbaran et 

al., (18) in Iran because they observed 

the β globin / α globin m RNA ratio has 

shown that disease severity enhanced 

with a decrease in this proportion. 

Evaluation of the correlation between 

AHSP gene expression and the average 

of the β globin / α globin expression 

indicated significance. Also disagreed 

with Mettananda et al., (25) in England. 

The genetic modifier is shown by a 

study analyzing the mRNA (7) the 

lower AHSP gene expression could be 

responsible for severe infection, Dos 

Santos et al. (26) when comparing the 

AHSP and α-globin gene expression in 

patients with thalassemia major and 

control by RT-PCR while AHSP gene 

expression was in thalassemia 

intermedia than in thalassemia 

major(27). 

The reduced expression of AHSP 

was associated with a more severe 

phenotype among individuals with 

identical β-thalassemia and α-globin 

genotypes although no mutations or 

polymorphism in the gene could be 

implicated (28). 

Reduced AHSP mRNA expression 

has been associated with clinical 

variability in some cases of β-

thalassemia, it has been shown that α-

Hb variability may also impair AHSP-

αHb interaction (16). 

The disease severity enhanced with 

a decrease in the globin/α-globin 

proportion. Evaluation of the correlation 

between AHSP gene expression and the 

average of the β-globin/α-globin 

expression ratio indicated a significant 

but indirect relationship in the 

considered groups (18). 

In patients with b-thalassemia, the 

primary damage to the red cells and 

their precursors is mediated via excess 

α-globin chains that accumulate when 

the α-globin expression is reduced. 
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Case-control and cohort studies have 

demonstrated that a natural reduction in 

α-globin chain output, resulting from 

coinheritor α-thalassemia, is beneficial 

in patients with β-thalassemia (25). 

Reduced expression of α-globin in 

the context of β-thalassemia can lead to 

considerable phenotypic improvements 

and α-globin is the most well-defined 

modifier gene known to impact the 

severity of β-thalassemia (24). 
 

Comparison between control and 

patients for gene expression  

As in table (15), the current study 

shows a non-significant difference in 

gene expression of Ct β-actin and α-

globin between patients (15.49±0.02), 

while (15.48±0.01) in control, but the 

result of Ct AHSP observe a significant 

decrease in patients (19.92±0.02) when 

compared with control (20:82±0.19), 

also the study appears significant 

decrease of Ct β-globin in patients 

(13.73±0.11) while (15.42 ±0.12) in 

control. 

Whereas for Ct α-globin, the results 

show a significant decrease in patients 

(18.65±0.18) compared with control 

(24.75±5.5). 
 

Table (15): Comparison between control and patients in gene expression 

Group 
Mean ± SE 

Ct  β-actin Ct  AHSP Ct  β-globin Ct α-globin 

Control 15.48 ±0.01 20.82 ±0.14 15.42 ±0.12 24.75 ±0.50 

Patients 15.49 ±0.02 19.92 ±0.02 13.73 ±0.11 18.65 ±0.18 

T-test 0.049 NS 0.236 ** 0.343 ** 0.913 ** 

P-value 0.855 0.0001 0.0001 0.0001 

** (P≤0.01). 

 

Evaluation of the concentration of 

alpha hemoglobin stabilizing protein 

(AHSP) by ELISA 

Alpha hemoglobin stabilizing 

protein (AHSP) is an erythroid 

scavenger protein that quickly and 

reversibly binds to α subunit monomeric 

forms it also enhances modulation of 

oxidation of heme Iron and subunit 

folding (3). 

The result of the evaluated 

concentrations of alpha hemoglobin 

stabilizing protein (AHSP) in blood 

serum using ELISA technique in 

patients with thalassemia and the 

control group showed non-significant 

differences between the two groups 

(Table 16) and (Figure, 8). The mean of 

thalassemia patients (86.79±3.44 µM
-1

) 

and mean ±SE of the control group 

(91.11±4.49  µ M
-1

) 

AHSP is a small 102-residue 

protein expressed only in erythroid 

cells, which adopts a three-helix bundle.  

AHSP concentration is estimated to 

be 0.1 mM at the end of erythropoiesis 

whereas that of Hb is 5 mM (29). 
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Table (16): Comparison between control and patients in AHSP Concentration 

Group Mean ± SE of AHSP (µM
-1

) 

Control 91.11 ±4.49 

Patients 86.79 ±3.44 

T-test 11.03 NS 

P-value 0.441 

NS: Non-Significant. 

 
 

The results in a table (16) and 

appear significant decrease in the level 

of AHSP in the serum of β-thalassemia 

major patients than in control. Ahmedy, 

(3) observed that the level of AHSP was 

high in an intermediate group of 

thalassemia when compared with Β-

thalassemia major. 

AHSP helps stabilize and solubility 

of the α-globulin chain to avoid 

effective erythropoiesis by forming a 

stable but reversible complex with free 

x-globin chains (30). 

AHSP performs this function by 

enhancing the proper folding of the 

aHb, inhibiting auto-oxidation of holo-

aHb, as well as refolding any denatured 

protein (6). 

Brillet et al. (29) also showed that a 

low concentration of AHSP appeared in 

β-thalassemia patients in their study. 

Ranjbaran et al (18) in Iran showed 

a high level of AHSP in the severe and 

moderate group of thalassemia, but a 

decrease in mild thalassemia.  As well 

Mahmoud et al (28) observed a low 

level of AHSP in β-thalassemia patients 

which is compatible with our 

observation  

In conclusion, AHSP  act as a 

disease modifier as it is an important 

molecule for erythropoiesis so Impaired 

regulation of AHSP leads to ineffective 

erythropoiesis and may be associated 

with the severity of the disease. 

 

References 
1. Shafique, F.; Ali, S.; Almansouri, T.; Van 

Eeden, F.; Shafi, N.; Khalid, M., et al. 

(2021). Thalassemia is a human blood 

disorder. Brazilian Journal of Biology, 83. 

2. Yaacob, N. S. C.; Islam, M. A.; Alsaleh, 

H.; Ibrahim, I. K. and Hassan, R. (2020). 

Alpha-hemoglobin-stabilizing protein 

(AHSP): a modulatory factor in β-

thalassemia. International Journal of 

Hematology, 111(3): 352-359. 

3. Ahmedy, I. A.; Kandel, S. H.; Tayel, S. I., 

and  El-Hawy, M. A. (2018). Role of alpha 

hemoglobin stabilizing protein expression 

84

85

86

87

88

89

90

91

92

Control Patients

91.11 

86.79 

A
H

S
P

 C
o

n
c

. 

  Group  

Figure (8): Comparison between control and patients in AHSP Conc. 



 
 

                     Iraqi Journal of Biotechnology                                                      592 

 

 

 
in beta-thalassemia. Medical Journal Cairo 

University. 86(8): 4279–88. 

4. Fibach, E. and Rachmilewitz, E. 

(2008).The role of oxidative stress in 

hemolytic anemia. Curr Mol Med. 8 

(7):609–6019. 

5. Scheps, K.G.; Varela, V. and Targovnik, 

H.M. (2018). The chaperones involved in 

hemoglobin synthesis take the spotlight: 

analysis of AHSP in the Argentinean 

population and a review of the literature. 

Hemoglobin. 42(5–6): 310-314. 

6. dos Santos, C. and Costa, F. (2005). AHSP 

and β-thalassemia: a possible genetic 

modifier. Hematology, 10(2): 157-161. 

7. SAS. 2012. Statistical Analysis System, 

User's Guide. Statistical.  Version 9.1th ed. 

SAS. Inst. Inc. Cary. N.C. The USA. 

8. Livak, K.J. and T.D. Schmittgen. (2008). 

Analysis of relative gene expression data 

using real-time quantitative PCR and the 2 

(-Delta C(T)) method. Methods. 25:402-

408. 

9. Nolan, T.; Hands, R. E.; Ogunkolade, W. 

and Bustin, S. A. (2006). SPUD: a 

quantitative PCR assay for the detection of 

inhibitors in nucleic acid preparations. 

Analytical Biochemistry, 351(2): 308-310. 

10. Lin, J. and Redies, C. (2012). Histological 

evidence: housekeeping genes beta-actin 

and GAPDH are of limited value for 

normalization of gene expression. 

Development Genes Evolution. 222(6): 69-

76. 

11. Mori, R.; Wang, Q.; Danenberg, K. D.; 

Pinski, J. K. and Danenberg, P. V. (2008). 

Both β‐ actin and GAPDH are useful 

reference genes for the normalization of 

quantitative RT‐ PCR in human FFPE 

tissue samples of prostate cancer. The 

Prostate, 68(14): 1555-1560. 

12. Pohjanvirta, R.; Niittynen, M.; Lindén, J.; 

Boutros, P. C.; Moffat, I. D. and Okey, A. 

B. (2006). Evaluation of various 

housekeeping genes for their applicability 

for normalization of mRNA expression in 

dioxin-treated rats. Chemical-biological 

Interactions, 160(2): 134-149. 

13. Feng, L.; Gell, D. A.; Zhou, S.; Gu, L.; 

Kong, Y.; Li, J., et al. (2004). Molecular 

mechanism of AHSP-mediated 

stabilization of α-hemoglobin. Cell, 

119(5): 629-640. 

14. Bittles, A. and Erber, W. (2004a) 

Genotype-phenotype relationship in 

thalassemia: Predicting clinical severity by 

molecular testing. Genetics and population 

health conferences Western Australia, 

Australia: World Health Organization; 

2004, 92. 

15. Bittles, A. and Erber, W. (2004b). 

Thalassemia genotype-phenotype 

correlations. Genetics and population 

health conferences Western Australia, 

Australia: World Health Organization; 

2004, 92. 

16. Favero, M. E. and Costa, F. F. (2016). 

Alpha-hemoglobin-stabilizing protein: an 

erythroid molecular chaperone. 

Biochemistry research international, Appl 

Immunohistochem Molecular Morphology, 

24(1). 

17. Galanello, R.; Perseus, L.; Giagu N. and 

Sole G. (2003) AHSP expression in Beta-

thalassemia carriers with thalassemia 

intermedia phenotypes abstract). Blood 

2003;102:1881. 

18. Ranjbaran, R.; Okhovat, M. A.; 

Mobarhanfard, A.; Aboualizadeh, F.; 

Abbasi, M.; Moezzi, L., et al. (2014). 

Relationship between AHSP Gene 

Expression, β/α Globin mRNA Ratio, and 

Clinical Severity of the β-thalassemia 

Patients. Annals of Clinical and Lab. 

Science, 44(2): 189-193. 

19. Golafshan, H.; Ranjbaran, R. and Yar 

Mohammadi, A. (2014). Alpha thalassemia 

screening using ELISA and 

Immunochromatography strip test. 

Laboratory and Diagnosis, 6(25): 19-22. 

20. Hassan, S.; Ahmad, R.; Zakaria, Z.; 

Zulkafli, Z. and Abdullah, W. Z. (2013). 

Detection of β-globin gene mutations 

among β-thalassemia carriers and patients 

in Malaysia: application of multiplex 

amplification refractory mutation system–

polymerase chain reaction. The Malaysian 

Journal of Medical Sciences, 20(1): 13.  

21. Vijian, D.; Ab Rahman, W. S. W.; 

Ponnuraj, K. T.; Zulkafli, Z. and Noor, N. 

H. M. (2021). Molecular Detection of 

Alpha Thalassemia: A Review of Prevalent 

Techniques. Medeniyet Medical Journal, 

36(3): 257.  

22. Chakalova, L.; Osborne, C. S.; Dai, Y. F.; 

Goyenechea, B.; Metaxotou-Mavromati, 

A.; Kattamis, A., et al. (2005). The Corfu 

δβ thalassemia deletion disrupts γ-globin 

gene silencing and reveals post-

transcriptional regulation of HbF 

expression. Blood, 105(5): 2154-2160 



 
 

                     Iraqi Journal of Biotechnology                                                      593 

 

 

 
23. Han, A.-P.; Fleming, M.D. and Chen, J.-J. 

2005. Heme-regulated eIF2α kinase 

modifies the phenotypic severity of murine 

models of erythropoietic protoporphyria 

and β-thalassemia. The Journal of clinical 

investigation, 115(6): 1562-1570.  

24. Voon, H. P. J. and Vadolas, J. (2008). 

Controlling α-globin: a review of α-globin 

expression and its impact on β-

thalassemia. Haematologica, 93(12): 1868-

1876.  

25. Mettananda, S.; Gibbons, R. J. and Higgs, 

D. R. (2015). α-Globin as a molecular 

target in the treatment of β-thalassemia. 

Blood, The Journal of the American 

Society of Hematology, 125(24): 3694-

3701.  

26. Dos Santos, C. O.; Duarte, A. S.; Saad, 

S.T.O. and Costa, F.F. (2003) Expression 

of alpha hemoglobin stabilizing protein 

gene (AHSP) during erythropoiesis and in 

β-thalassemia. Blood 2003; 102: 3837. 

27. Zhou, S.; Gell, D.; Kong, Y.; Li, J.; 

Mackay, J.; Gow, A., et al. (2005). 

Mechanisms of alpha hemoglobin 

stabilizing protein (AHSP) actions. In 

Blood Cells Molecules And Diseases (Vol. 

34, No. 2, pp. 129-129). 525 B ST, STE 

1900, San Diego, CA 92101-4495 USA: 

Academic Press Inc Elsevier Science. 

28. Mahmoud, H. M.; Shoeib, A. A-S.H.; El 

Ghany, S.M.A.; Reda, M.M. and  Ragab 

IA. (2015). Study of alpha hemoglobin 

stabilizing protein expression in patients 

with β thalassemia and sickle cell anemia 

and its impact on clinical severity. Blood 

Cells Molecular  Diseases. 55 (4): 358–

362. 

29. Brillet, T.; Baudin-Creuza, V.; Vasseur, 

C.; Domingues-Hamdi, E.; Kiger, L. and 

Wajcman, H., (2010). α-Hemoglobin 

stabilizing protein (AHSP), a kinetic 

scheme of the action of a human mutant, 

AHSPV56G. Journal of Biological 

Chemistry, 285(23): 17986-17992. 

30. Gell, D.; Kong, Y.; Eaton, S. A.; Weiss, 

M. J. and Mackay, J. P. (2002). 

Biophysical characterization of the α-

globin binding protein α-hemoglobin 

stabilizing protein. Journal of Biological 

Chemistry, 277(43): 40602-40609.  

31. Khalaf, M. A., Al-Saadi, B. Q. H., & 

Mohammed, H. Q. (2022). Evaluation of 

TLR-3, TLR4, IL-7, and IL37 

Immunological Markers in β-Thalassemia 

Major Iraqi Patients. Iraqi Journal of 

Biotechnology, 21(1).  

 


