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Abstract
Thalassemia is a genetic disorder occurs as a result of the imbalance in the construction of haemoglobin
chains cause haemolytic anaemia. This study was aimed to evaluate the serum level of immunological
parameters (Transforming growth factor beta1, Interleukin-23) and hematological parameters in
patients with alpha and beta thalassemia at Kerbala province. And was conducted at Kerbala Children’s
Hospital / Thalassemia Department / Kerbala Governorate during the period from November 2017 to
May 2018. Seventy patients involved 48 beta thalassemia patients and 22 alpha thalassemia patients
with age ranged 10-20 years old and ten matched healthy controls were enrolled in the study. Result
exposed non-significant increase (p>0.05) in IL-23 and TGF-β in thalassemia patients compared with
control group. In β-thalassemia patients the results of the current study indicated that non-significant
positive correlation between IL-23 with WBC, there was non-significant positive correlation between
TGF-β1 with WBC and PLT. As for β-thalassemia patients the present study showed non-significant
positive correlation between IL-23 with Hb and WBC, and there was non-significant positive correlation
between TGF-β1 with WBC. The study showed changes in the immunological parameters in patients
with thalassemia of both types, as the serum level of both IL-23 and TGF-β1 were raised in addition
to changes in hematological and Biochemical parameters.
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INTRODUCTION
Thalassemia is common genetic disorder,
especially in the Mediterranean, patients with
major thalassemia suffer from haemolytic anemia
since the early years of life in addition to weakness
in a number of organs that the most commons
homozygous cases it is considered severe and
fatal unless blood transfusion begin at an early
stage1. The main reason of thalassemia is the
abnormalities in the synthesis of globin chains and
the imbalance between them, in β-thalassemia
this cause large amount of unpaired alpha globin
chain that lead to the destruction of erythroid,
the expansion of erythroid marrow appears on
the growth of face bone2. Types of thalassemia
are vary according to the type of infected globin
genes3. Alpha thalassemia occurs due to the lack
or absence of alpha-globin chain on chromosome
16 4, beta thalassemia occurs because of the
deficiency or absence of beta chain synthesis due
to a localized mutation or deletion in the betaglobin gene on chromosome 115.
The pathogenic factors of thalassemia
are hemolysis, ineffective erythropoiesis and the
elevation in the absorption of iron, the defect
in erythrocytes and precursor of erythroid that
result from the first two factors are eliminated
by phagocytosis of monocyte and macrophage
which are subjected to hyperplasia and become
hyperactive, and because of this hyper activity
there will be defects in the phagocytosis of
microorganisms6.
There are many disorders in the immune
system of β-thalassemia patients including
cell mediated immunity7 and both functional,
quantitative and other components of the
immunity8, involving immunoglobulins increasing,
complement system with lower activity and
decline in granulocyte phagocytosis and the
opsonisation9.
Iron and proteins that bind to it have
an effect on immunity as it modifies the immune
system properties. An increase in the amount
of the iron has harmful effects on the patient’s
immunity10. Iron accumulation effects are involving:
modified the distribution of lymphocyte in various
immune system compartments’ and alteration in
the subsets of T-lymphocyte11. Iron accumulation
also works on accelerating the aging of patients’
immunity due to the formation of reactive oxygen
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radicals that cause peroxidative injury to the tissue,
where it effects the function of T cell and decrease
antigen response12, prevent division of the cell,
shorting the length of the telomere and decline
level in the co-stimulatory receptors that stimulate
the response of T cell proliferative13. In addition,
The toxicity of iron is responsible of deficiency
of immunity in beta thalassemia patients,
these abnormalities include: disturbance in the
activity of Neutrophils and Macrophages in their
chemotaxis and phagocytosis, lower the activity of
the Natural killer cells, alteration in the responses
of cytokines, impaired in the proliferative response
of lymphocytes to antigens and mitogens and
alteration in the function of T and B lymphocytes13.
Thalassemia patients suffer from lower
state of systemic inflammatory with a high level
of neutrophil, leukocyte and lymphocyte14, the
high level of lymphocyte counts is due to blood
transfusion that leads to constant challenge of the
antigen15.
TGF-b1 gene is a risk agent for the decrease
in bone density16. The effective erythropoiesis
work on inhibited the transforming growth
factor-β (TGF-β) that is increased with stress of
the cells17.
Aim of the study is Estimate the serum
level for IL-23 and TGF-β1 in patients with alpha
and beta thalassemia.
METHODS
This study was organized at Thalassemia
department / Kerbala Hospital for children
/ Kerbala Province during the period from
November 2017 to May 2018. The practical part
of the study was performed at the laboratories
of children Hospital and Al-Hussain Hospital, the
collection of the samples included 70 patients
with thalassemia 33 males and 37 females whose
ages ranged between 10-20 years old. The patients
divided into two groups, the first group included
forty eight patients with β-thalassemia major
where the number of the female was 23 and the
number of the males was 25, the second group
included twenty two patients with á-thalassemia
where the number of the females was 14 and the
number of the males was 8.
Patients who faced the following
conditions were except from the current study
who is suffering from: diabetes mellitus, Hepatitis,
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well (100 µL) then the plate was incubated for
30 minutes at 37°C. The solution was aspirated or
decanted from each well for 5 times, Substrate
Reagent was added to each well (90 µL), then
50µL of Stop Solution was added to each well.
The optical density (OD value) of each well was
determined at once, using a micro-plate reader
set 450 nm, The results were expressed in pg/mL.
Statistical analysis
Data was analyzed using the software
statistical package for social sciences (SPSS version
18) and the results were presented as mean ±
standard error (Mean ± E.R). One-way analysis
of variation (ANOVA test) for more than two
independent means was used for statistical analysis
of the significance differences of the quantitative
data. The Pearson’s correlation coefficient test
was used as appropriate for correlation between
two quantitative data in different groups. P-values
≤0.05 were considered statistically significant.

iron deficiency anemia and patients who was
taking medication (antioxidant drug and chelation
therapy) before 2 to 3 days from the collection
of serum. The control group contained from 10
normal individuals 6 females and 4 males with
age range between 10-20 years old, who were
not taking medication and had negative history
of hematological disease and were free from
anaemia, diabetes mellitus and liver disease. The
patients were identified by physician based on
history and clinical examination. Blood samples
were gathered from each patient in the morning
before blood transfusion by venipuncture using
Ten milliliters disposable syringes. Around the
arm of the patient tourniquet was applied then
sterilized the skin with 70% ethyl alcohol before
the collection of the blood.
The Hematologic parameters were
measured by auto-analyzer device known as
sysmex KX 2, Japanese; liver function test (ALT,
ALP, AST) and renal function test (urea, creatinine)
were estimated by the use of auto-analyzer
known as Cobas Integra 400 Plus, Germany; and
the measurement of ferritin were done by VIDAS,
France.
Enzyme linked immunosorbent assay (ELISA)
IL-23 and TGF-β1 were measured
according to sandwich-ELIZA by Elabscience,
China. 100uL of standards or samples were added
to each well of the plate, Biotinylated Detection
Antibody in 100µL was added, then incubated for
45 minutes at 37°C. The solution was aspirated
for 3 times. HRP Conjugate was added to each

RESULTS

In β-thalassemia patients compared to
the control group the statistical analysis showed
non-significant decrease (P>0.05) in MCV and MCH
the result was in agreement with18. Moreover,
a high significant decrease (P≤ 0.01) in Hb, this
result is in agreement with 19,20. Also showed
non-significant increase (P>0.05) in PLT, this is
disagreed with18 and there is a significant increase
(P≤0.05) in ferritin, our finding are in agreement
with21.

Table 1. Hematological and Immunological parameters in
patients with thalassemia
Parameter

Control
Mean ± S.E

b-Thalassemia
Mean ± S.E

a-Thalassemia
Mean ± S.E

Hbg/dl
MCV fL
MCH pg
WBC uL
PLT uL
Ferritin ng/ml
IL-23 pg/mL
TGf-β1 pg/mL

12.64 ± 1.23
79.72 ± 2.91
27.32 ± 2.03
8.44 ± 0.55
383.60 ± 32.28
18.35 ± 4.42
33.16 ± 6.04
1.55 ± 0.29

7.79 ± 0.34**
70.25 ± 1.04•
26.11 ± 0.53•
29.32 ± 8.92
588.45 ± 75.18?
3796.84 ± 523.48**
447.24 ± 144.89
3.00 ±1.05

9.02 ± 0.65*
65.35 ± 1.30**
18.60 ± 0.61**
7.38 ±0.40
341.27 ± 36.10
169.98 ± 39.19•
172.72 ± 40.14
4.00 ± 1.17

(* ) P values ≤ 0.05: significantly different in comparing with control group.
** P values ≤ 0.01: highly significant different in comparing with control group.
(•): significant different in comparing α-Thalassemia and α-Thalassemia groups.
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In Alpha patients compared to control
groups, the statistical analysis showed high
significant decrease (P ≤0.01) in MCH and MCV,
due to the lack of transfer of packed red cell
(PRC) this result agreed with22. And significant
decrease (P ≤0.05) in Hb concentration in serum
of patients this result was compatible with22. Also
study showed non-significant increase (P >0.05) in
ferritin level, this result was in agreement with23.
Statistical analysis in thalassemia patients
showed non-significant different increase (P >0.05)
in WBC in both groups of thalassemia patients
compared to healthy control group this result
was in agreement with24. non-significant higher (P
>0.05) in PLT, this result was disagreement with25.
as presented in Table 1.
According to serum IL-23 and TGF-β1
levels there were non-significant differences

increases (P>0.05) in thalassemia patients as
shown in Table 1, these results are disagreement
with26.
In thalassemia Patients compared to
control group, serum urea level was non-significant
increase (P >0.05), this result was disagreement
with27.
While, serum creatinine level was highly
significant decrease (P ≤0.01), this result was
agreement with28,29
Also, the levels of ALT and ALP were
significantly higher (P ≤ 0.05) this result was similar
to28, and the level of AST was non-significant
differences increases (P >0.05), this agreed with30
and disagreement with31 as shown in Table 2.
Nafady32 showed significant higher levels of ALT
and AST in β-thalassemia patients as in our results,
which may indicate acute or chronic liver injury33.

Table 2. Kidney and Liver function tests in patients with thalassemia
Parameter

Control
Mean ± S.E

b-Thalassemia
Mean ± S.E

a-Thalassemia
Mean ± S.E

Creatinine mg/dl
Urea mg/dl
ALT U/L
ALP U/L
AST U/L

0.58 ± 0.05
21.40 ± 1.16
16.02 ± 1.45
125.28 ± 24.24
24.64 ± 2.07

0.35 ± 0.03 **
23.69 ± 1.24
41.37 ± 5.71*
196.73 ± 18.12*
44.03 ±5.32

0.32 ± 0.02 **
21.98 ± 2.35
16.12 ± 1.96•
128.19 ± 16.49•
34.48 ± 4.40

(* ) P values ≤ 0.05: significantly different in comparing with control group.
(**) P values ≤ 0.01: highly significant different in comparing with control group.
(•): significant different in comparing b-Thalassemia and a-Thalassemia groups.

Table 3. Correlation between study parameters in α-thalassemia and
β-thalassemia patients.
Correlation between study Parameters in
alpha thalassemia patients ( No.=22)
 		

Ferritin ng/ml

Hb g/dl

WBC uL

PLT uL

IL_23
pg/mL
TGF
pg/mL

-0.246
0.466
-0.016
0.962

-0.191
0.573
-0.126
0.712

0.009
0.979
0.298
0.373

-0.322
0.334
0.324
0.331

0.466
0.06
0.013
0.952

-0.062
0.812
-0.123
0.568

r
p
r
p

Correlation between study Parameters in
beta thalassemia patients ( No.=48)
IL_23
pg/mL
TGf
pg/mL

r
p
r
p

-0.314
0.22
-0.262
0.217
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In α-thalassemia and β-thalassemia
patients the results of the current study indicated
that there was non-significant negative correlation
between IL-23 with Hb and ferritin. Also there
was non-significant negative correlation between
TGF-β1 with ferritin, as presented in Table 3.

number in the red blood cells that is immature
leads to observe a high number of white blood
cells as a result of the error in cell counter which
is identify as WBCs34. Also inflammations and
abnormalities that affected thalassemia patients
led to an increase in the level of white blood cells
which considered an indicator of infection with
viruses or microbes44.
Platelets levels were high in thalassemia
patients and that may be due to splenctomized
in some patients45. The high levels of ferritin in
serum occur as a result of iron accumulation,
the increasing in iron is due to chronic blood
transfusion or hemolysis of erythrocytes46.
TGF-β1 its effect on immunity and the
status of inflammation47, TGF-β1 produced by
phagocytes cells or cells that are infected, its
important was manifested in the differentiation
and activation of T-regulatory cells48. Through
levels of both pro-inflammatory cytokines IL23 and immunosuppressive cytokines TGF-β1
in the serum, lymphocytes functional status
is determined in patients with thalassemia, in
compration with control group26. The increasing in
the level of both indicates an inflammatory state
and this is mean suppression the immune response
of T-cell26,49.
Liver and Kidney parameters are useful
indicators of inflammation and can also be used
to diagnose damaged organs and tissues28. In
clinical medicine, Creatinine considered important
parameter to detect upon the function of kidney50,
study of cimcek51 has been shown that the high
level of creatinine indicates that capacity of kidney
functions is low. Patients with a high degree of
anemia and increased in the oxidation lead to
abnormalities of renal tubular, the severity of
these disorder is related to degree of anemia, but
these imbalance occur at a lower rate in patients
who take iron chelating treatment and transfused
continuously52, same observation in β-thalassemia
patients but with less severe than β-thalassemia
patients and that is obvious through lower level of
ferritin in serum, anemia and growth failure also
in lower degree than β-thalassemia patients53.
Previous study of Adil54 showed the same result
of our finding that patients had an increase in the
ALP, which might be due to damage of the liver.
In general, elevated of these parameters
(ALT, ALP and AST) are considered as indicator of

DISCUSSION
Depending on the type of thalassemia, the
change in the hematological parameters occurs.
Low levels of mean corpuscular hemoglobin
(MCH) < 27 pg or mean corpuscular volume (MCV)
< 78 fl considered as indicator of thalassemia34,24.
The liver is the main iron store, where 70%
of the total iron content in the body is stored in
the liver35. The previous study of Bilto and Assaf 36
showed that there is an increase in the amount of
iron and ferritin in the serum of Iraqi thalassemia
patients, accumulation of iron leads to increase
absorption of iron in the intestine, the main cause
of oxidative damage to organelles of the cell
and erythrocytes in thalassemia patients is due
to increase in iron overload37. And that damage
is due to susceptible of thalassemia patients’
erythrocytes to auto-oxidant in comparison to
the control group38.This susceptible is due to
high content of polyunsaturated fatty acid in
the membrane of erythrocytes and the high
concentration of hemoglobin and oxygen in cell
which is the main source of ROC39, and is also
because the inability of erythrocytes to synthesis
damage components of cells40.
Antioxidants that present in the
erythrocytes routinely make them resistance
to oxidative damage, but for patients suffering
from thalassemia there are important factors
responsible for abnormalities of physiologic and
function: life of red blood cells is short, turnover
of iron is rapid and excessive deposition of iron in
tissues, this accumulation of iron considered very
harmful in patients because low solubility of iron
and it is ability in stimulating the formation of toxic
oxidants41,42.
Moreover, the presence of the free iron
in the blood and tissues is due to chronic blood
transfusion, which leads to accumulation of iron
that may exceed the ability of detoxification of
ferritin43.
White blood cells is higher in Beta
thalassemia patients than in controls, the increase
Journal of Pure and Applied Microbiology
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liver damage and also impaired of liver function55.
Transforming growth factor-β1 (TGF-β1) is
considered an inflammatory cytokine has a part
in enhancing the proliferation of fibroblast and
the accumulation of matrix in tissues, TGF-β1
is excreted by antigen stimulated T-cells 56 ,
CD4+ CD25+ regulatory T-cells (Treg) that are
occur naturally are mainly produce TGF-β1, in
thalassemia patients the high level of TGF-β1 is
act on increase the frequencies of CD4+ CD25+
Treg and suppression of T-cell immunity 57 ,
TGF-β1 is promote differentiation T-cells that are
produce IL-17 that have a link with IL-23 which
are contributed to several autoimmune and
inflammatory disease58.
In thalassemia patients precipitation of
iron in the epithelial cells and reticuloendothelial
may influence the production and regulation of
TGF-β1 and therefore effect on its level in the
circulation, in children with thalassemia major the
presence of TGF-β1 in the circulation is considered
Not a good sign for fibrotic responses unlike
other fibrotic diseases59, patients with fibrotic
disease have higher TGF-β1 level in their alveolar
fluid and their circulation60, some observations
in β-thalassemia patients with multi-transfused
are the activated of T lymphocytes. Though T-cell
suppression TGF-β1. These may have implications
of the immune system for the associations between
premature aging and repeated immune activation
this result the immune resources exhaustion61,
moreover, chronic immune activation and blood
transfusion might induce Treg cells, that act on the
suppression of effector functions of T-cell. at the
end this profile of cytokine can be used clinically
as a related marker for appreciating the severity of
the disease, an index in following the disease and
therapeutic intervention18. immune suppression is
mediates by TGF-β1 to limit immunopathogenesis
related with persistent infections and chronic
inflammation. subsequently high production
of IL-17 and TGF-β1 might participate to iron
metabolism abnormalities and probably because
of overstimulation of Th17. In fact, the deposition
of iron in the reticuloendothelial system like
epithelial cells and macrophages may affect
the regulation of Th17 responses in patients
with thalassemia and result increase in its
cytokines levels in the circulation. moreover,
blood transfusions in multiple times may cause
Journal of Pure and Applied Microbiology

the immune system is under constant alloantigen
stimulation in β-thalassemia patients, in spite
of the immune responses that are suppressed
because of iron overload62.
Level of TGF-β1 in the serum does not
depend on ferritin , meaning that there is no
correlation between them, where the results of
some previous studies such as18 showed that The
level of TGF-β1 is significantly higher in all patients
whether the level of ferritin is low or high.
I L - 1 7 a n d I L - 2 3 Re p re s e nt s t h e
interface between cell-mediated immunity
and inflammatory response in the condition of
infectious diseases and cancer, Inflammation
reactions are a first line of Immune response of
the host against pathogens63, As was explained in
other studies that agreed with our study there was
no relationship between IL-21 and ferritin where
the levels of IL-21 did not differ in patients with low
ferritin compared to patients with high ferritin, the
study also showed IL-21 did not associated with
the level of Hb18
ACKNOWLEDGMENTS
We thank University of Kerbala, College
of Science, Department of Biology for supporting
this work, thank to the staff and patients at Kerbala
Hospital for children.
REFERENCES
1.

2.

3.

4.
5.
1970

Edward JJ, Braunwald E, Fauci AS, Hauser SL,
Longo DL, Jameson JL. Harrisons principles of
internal medicine, 2008; pp. 635-643. 17th ed.
New York: McGraw-Hill Professional. Oncology
and hematology: hemoglobinopathies.
Taher AT, Musallam KM, Karimi M, El-Beshlawy A,
Belhoul K, Daar S, Saned MS, El-Chafic AH, Fasulo
MR, Cappellini MD. Overview on practices in
thalassemia intermedia management aiming
for lowering complication rates across a region
of endemicity: the OPTIMAL CARE study. Blood,
2010; 115(10): 1886-1892.
Wanapirak C, Muninthorn W, Sanguansermsri
T, Dhananjayanonda P, Tongsong T. Prevalence
of thalassemia in pregnant women at Maharaj
Nakorn Chiang Mai Hospital. J Med Assoc Thai,
2004; 87(12): 1415-1418.
Muncie HL, Campbell J. Alpha and beta
thalassemia. Am Fam Physician, 2009; 80(4):
339-344.
Galanello R, Origa R. Beta-thalassemia. Orph J
Rar dise, 2010; 5(1): 11
www.microbiologyjournal.org

Al-Dedah et al. J Pure Appl Microbiol, 12(4), 1965-1973 | Dec. 2018 | http://dx.doi.org/10.22207/JPAM.12.4.33

6.

7.
8.

9.

10.

11.

12.

13.

14.

15.

16.

17.
18.

Ricerca, BM, Girolamo AD, & Rund D. Infections
in thalassemia and hemoglobinopathies: focus
on therapy-related complications. Mediterr J
Hematol Infect Dis, 2009; 1(1)
Walker EM, Walker SM. Effects of iron overload
on the immune system. Ann Clin Lab Sci, 2000;
30(4): 354-365.
Farmakis D, Giakoumis A, Aessopos A,
Polymeropoulos EJMSM. Pathogenetic aspects
of immune deficiency associated with ß
thalassemia. Med Sci Monit, 2003; 9(1): RA19RA22.
Kadam PP, Manglani MV, Sharma SM, Sharma
RA, Setia MS. Immunoglobulin levels and CD4/
CD8 counts in β-Thalassemia major. Indian ped,
2014; 51(12): 1000-1002.
Cunningham-Rundles S, Giardina PJ, Grady
RW, Califano C, McKenzie P, De Sousa M. Effect
of transfusional iron overload on immune
response. J infec dis, 2000; 182 (Supplement_1):
S115-S121.
Pattanapanyasat K, Theptha C, Lamchiagdhase
P, Lerdwana S, Tachavanich K, Thanomsuk P,
Wanachiwanawin W, Fucharoen S, Darden JM.
Lymphocyte subsets and specific T cell immune
response in thalassemia. J Intern Soci Anal Cyt,
2000; 42(1): 11-17.
N o u l s r i E , L e rd wa n a S , F u c h a ro e n S ,
Pattanapanyasat K. immunology. Phenotypic
Characterization of Circulating CD4/CD8
Tlymphocytes in [beta]-Thalassemia Patients.
Asian Pac j allerg immune, 2014; 32(3): 261.
Gharagozloo M, Bagherpour B, Tahanian M,
Oreizy F, Amirghofran Z, Sadeghi HMM, Hourfar
H, Moayedi B. Premature senescence of T
lymphocytes from patients with β-thalassemia
major. Immuno Let, 2009; 122(1): 84-88.
Elsayh KI, Mohammed WS, Zahran AM, Saad
K. Leukocytes apoptosis and adipocytokines in
children with beta thalassemia major. Clin Exp
Med, 2016; 16(3): 345-350.
Al-Awadhi A, Alfadhli S, Al Khaldi D, Borhama
M, Borusly M. Investigation of the distribution
of lymphocyte subsets and zinc levels in
multitransfused β thalassemia major patients.
Int J Labor Hematol, 2010; 32(2): 191-196.
Singh K, Agarwal S, Shukla A, Gupta S. A sequence
variation: 713-8delC in the transforming growth
factor beta 1 gene polymorphism in thalassemia
major patients. J Clin Densitom, 2014; 17(1):
185-189.
Tanno T, Noel P, Miller JL. Growth differentiation
factor 15 in erythroid health and disease. Curr
Opin Hematol, 2010; 17(3): 184-190.
Baharlou R, Davami MH, Ahmadi-Vasmehjani A,

Journal of Pure and Applied Microbiology

19.

20.

21.

22.

23.
24.

25.

26.

27.

28.

29.
1971

Ebrahimi M. Increased IL-17 and TGF-ß serum
levels in peripheral blood of patients with
ß-thalassemia major: implication for continual
transfusions role in T helper 17-mediated pro
inflammatory responses. Turk J Med Sci, 2016;
46(3): 749-755.
Hosen MB, Hasan MS, Azim MF, Sarder R,
Uddin M. Evaluation of Renal Function in BetaThalassemia Patients in Bangladesh. BM Journal,
2015; 6(1): 11-14.
FADHIL S, ABDULLA AA, JEBOR MA. Comparison
of Heamatological Parameters and Serum
Eezymes in β-Thalassmia Major Patients and
Healthy Controls. IJMPS, 2015; 5(6).
Bhagat SS, Sarkar PD, Adinath N. Suryakar,
Padalkar RK, Ghone RA, Patil SM, Hundekar PS.
Attenuation of serum Ferritin and Iron burden
by intake of antioxidants in beta thalassemia
major. Indian J Physiol Pharmacol, 2013; 57(2):
189-194.
Sirachainan N, Chuansumrit A, Kadegasem
P, Sasanakul W, Wongwerawattanakoon P,
Mahaklan L. Normal hemostatic parameters in
children and young adults with β-thalassemia
diseases. Throm Res, 2016; 146: 35-42.
Chui DH, Fucharoen S, Chan VJB. Hemoglobin H
disease: not necessarily a benign disorder. Blood,
2003; 101(3): 791-800.
Vidyarthi UC, Kumar A. Assessment of
haematological parameters in thalassemia in
paediatric patients. Intern J Med and Hea Res,
2018; 4(1): 109-111.
Hassan AN. Molecular and Some Hematological
Investigations of β-thalassemic Children in Erbil
Governorate. PhD, Salahaddin University, Erbil,
2016.
Balouchi S, Gharagozloo M, Esmaeil N,
Mirmoghtadaei M, Moayedi B. Serum levels
of TGFβ, IL-10, IL-17, and IL-23 cytokines in
β-thalassemia major patients: the impact of
silymarin therapy. Immunopharmacology and
immunotoxicology, 2014; 36(4): 271-274.
Saral N, Rathore M, Bohra V, Gupta M. Diagnostic
significance of Liver and Renal function tests
(LFT&RFT) in Iron overload in patients with β
Thalassemia major. Int J Clin Biochem Res, 2015;
2(1): 27-32.
Shanaki M, Ehteram H, Nasiri H, Azad M,
Kouhkan F, Pakzad R, Mobarra N. Assessment
of Liver and Kidney Functional Parameters
along with oxidative Stress and Inflammatory
Biomarker in Patients with β-Thalassemia major.
Iran J Ped Hematol Oncol, 2016; 6(4): 249-260.
Karim MF, Ismail M, Hasan AM, Shekhar HU.
Hematological and biochemical status of Betawww.microbiologyjournal.org

Al-Dedah et al. J Pure Appl Microbiol, 12(4), 1965-1973 | Dec. 2018 | http://dx.doi.org/10.22207/JPAM.12.4.33

30.

31.
32.

33.
34.

35.

36.
37.
38.

39.

40.

41.

42.

43.

thalassemia major patients in Bangladesh: A
comparative analysis. Int J Hematol Oncol Stem
Cell Res, 2016; 10(1): 7.
Cheema AN, Dilshad AK. Detection of
hepatotoxicity by non-transferrin bound iron in
beta-thalassemia major. Intern J Pathol, 2011;
9: 10-14.
Mohammad II, Al-Doski FS. Assessment of Liver
Functions in Thalassaemia. Tikret J Pharmac Sci,
2012; 8(1): 87-95.
Nafady A, Ali SS, El Masry HMA, Baseer KA,
Qubaisy HM, Mahmoud SG, Nafady-Hego HA,
Oxidative stress in pediatric patients with β
thalassemia major. Egypt J Haem, 2017; 42(3):
123-127.
Giannini EG, Testa, R, Savarino V. Liver enzyme
alteration: a guide for clinicians. CMAJ, 2005;
172(3): 367-379.
Mankad GP, Mankad B, Singh SP. A study of
Serological and Hematological Parameters in
Thalassaemic Patients of Rajkot, Gujarat. Intern
J Sci Res Pub, 2013; 3(7): 699.
Angulo IL, Covas DT, Carneiro AA, Baffa O, Elias
Junior J, Vilela G. Determination of iron-overload
in thalassemia by hepatic MRI and ferritin. Revi
Brasil Hematol Hemo, 2008; 30(6): 449-52.
Bilto Y, Assaf M. Prevalence of hemoglobin
pathies in central region of Jordan. J Med Scie,
1998; 1(2): 18-23.
Rachmilewitz EA, Giardina PJ. How I treat
thalassemia. Blood, 2011.
Stocks J, Offerman E, Modell C, DormandyTL.
The susceptibility to autoxidation of human red
cell lipids in health and disease. Br J Haemato,
1972; 23(6): 713-724.
Pawlowski PH, Burzynska B, Zielenkiewicz P.
Theoretical model of thalassemic erythrocyte
shape transformation. J Theor Biol, 2008; 254(3):
575-579.
Naithani R, Chandra J, Bhattacharjee J, Verma
P, Narayan S, cancer. Peroxidative stress
and antioxidant enzymes in children with β
thalassemia major. Pediatr Blood Cance, 2006;
46(7): 780-785.
Ariyurek SY, AksoyK. Effect of oxidative stress
on membrane proteins in thalassemia and iron
deficiency anemia. India J Ped, 2012; 79(6): 755758.
Darweesh MF, AL-wazni WS, Majbeel FA and
Shakir AA. The role of antioxidants protein in
regulatedthalassemia patients state in relation
with humeral immune system. I.J.Scie.Eng.Res,
2014; 5(11): 461-463.
Asif M, Manzoor Z, Farooq MS, Kanwal A,
Shaheen U, Munawar SH, Khan IA, Aziz A.

Journal of Pure and Applied Microbiology

44.

45.
46.

47.

48.
49.

50.

51.

52.

53.

54.

55.

1972

Correlation between serum ferritin level and
liver function tests in thalassemic patients
receiving multiple blood transfusions. IJRMS,
2017; 2(3): 988-994.
Osei Bimpong A, McLean R, Bhonda E, Lewis SM.
The use of the white cell count and haemoglobin
in combination as an effective screen to predict
the normality of the full blood count. ISLH, 2012;
34(1): 91-97.
Thein SL, Rees D. 2011. Postgraduate
Haematology, 6th ed. Oxford, UK: Hoffbrand.
Khelil AH, Laradi S, Nabli N, Salem MO, Abroug
S, Amri F, et al. Paramètresbiochimiques chez les
β-thalassémiques. Immun Bio Spéc, 2001; 16(5):
315-320.
Díaz L, Villamil M, Bernal C, Torres M, Thevi J,
Zakaria FMJ. Diferencias En La Activacion Del
Factor De Crecimiento Transformante Beta-1
(Tgf-B1) Por El Ácido Y El Calor. Rev, 2007; 15(2):
177-179.
Trinchieri G. Regulatory role of T cells producing
both interferon ã and interleukin 10 in persistent
infection. J Exp Med, 2001; 194(10): F53-F57.
Gharagozloo M, Karimi M, Amirghofran Z.
Double-faced cell-mediated immunity in
β-thalassemia major: stimulated phenotype
versus suppressed activity. Ann Hematol, 2009;
88(1): 21.
Perrone RD, Madias NE, Levey AS. Serum
creatinine as an index of renal function: new
insights into old concepts. Clin Chem, 1992;
38(10): 1933-1953.
Þimþek F, Öztürk G, KEMAHLI S, Erbaþ D,
Hasanoðlu A. Oxidant and antioxidant status in
beta thalassemia major patients Beta talasemi
major hastalarinda oksidan ve antioksidan
düzeyleri. J Ankara Uni Fac Med, 2005; 58(01):
34-38.
Sumboonnanonda A, Malasit P, Tanphaichitr VS,
Ong–ajyooth S, Petrarat S, Vongjirad A. Renal
tubular dysfunction in á-thalassemia. Ped nephr,
2003; 18(3): 257-260.
Sumboonnanonda A, Malasit P, Tanphaichitr VS,
Ong-ajyooth S, Sunthornchart S, Pattanakitsakul
S-n, Petrarat S, Assateerawatt A, Vongjira A.
Renal tubular function in β-thalassemia. Ped
nephr, 1998; 12(4): 280-283.
Adil A, Sobani ZA, Jabbar A, Adil SN, Awan S.
Endocrine complications in patients of beta
thalassemia major in a tertiary care hospital in
Pakistan. J Pak Med Assoc, 2012; 62(3): 307-310.
Abdalla MY, Fawzi M, Al-Maloul SR, El-Banna N,
Tayyem RF, Ahmad IM. Increased oxidative stress
and iron overload in Jordanian beta-thalassemic
children. Hemoglobin, 2011; 35(1): 67-79.
www.microbiologyjournal.org

Al-Dedah et al. J Pure Appl Microbiol, 12(4), 1965-1973 | Dec. 2018 | http://dx.doi.org/10.22207/JPAM.12.4.33

56.
57.

58.

59.

60.

Abbas AK. 2003. Cellular and Molecular
Immunology, 5th ed. Philadelphia: Saunders.
Bozdogan G, Erdem E, Demirel GY, Yildirmak
Y. The role of Treg cells and FoxP3 expression
in immunity of β-thalassemia major and
β-thalassemia trait patients. Pediatr Hematol
Oncol, 2010; 27: 534-545
Yoshimura A, Muto G. 2011. TGF-β function in
immune suppression. In Negative-Co-Receptors
and Ligands, pp. 127-147. Springer, Berlin,
Heidelberg.
Salsaa B, Zoumbos NC. A distinct pattern of
cytokine production from blood mononuclear
cells in multitransfused patients with β
thalassaemia. Clin Exp Immunol, 1997; 107(3):
589-592.
Yong SJ, Adlakha A, Limper AH. Circulating

Journal of Pure and Applied Microbiology

61.
62.

63.

1973

transforming growth factor-(beta (1)): A
potential marker of disease activity during
idiopathic pulmonary fibrosis. Chest, 2001;
120(1): S68-S70.
Appay V, Rowland-Jones SL. Premature ageing of
the immune system: the cause of AIDS? Trends
in Immunology, 2002; 23: 580-585.
Lombardi G, Matera R, Minervini MM, Cascavilla
N, D’Arcangelo P, Carotenuto M, Di Giorgio G,
Musto P. Serum levels of cytokines and soluble
antigens in polytransfused patients with betathalassemia major: relationship to immune
status. Haematologica, 1994; 79: 406-412.
Khatami M. Inflammation, aging, and cancer:
tumoricidal versus tumorigenesis of immunity.
Cell Biochem Biophys, 2009; 55(2): 55-79.

www.microbiologyjournal.org

