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Abstract

Background: Beta-thalassemias (f-thalassemias) are a
group of inherited blood disorders caused by reduced or absent
synthesis of the beta chains of hemoglobin resulting in variable
phenotypes ranging from severe anemia to clinically asymp-
tomatic individuals. Thalassemia is the commonest hereditary
hemolytic anemia in Egypt. Iron overload is a major compli-
cation of repeated blood transfusion in patients with thalassem-
ia. Soluble Transferrin Receptor (sTfR), one of the main
regulators of cellular iron homeostasis, is the truncated form
of the tissue receptor.

Aim of Study: This work was conducted to study the
pathophysiology of iron overload in children with f-
thalassemia intermedia and thalassemia major and explore
the possible utility of Soluble Transferrin Receptor (sTfR)
for the evaluation of iron overload and ineffective erythropoi-
esis in pediatric Egyptian patients with B thalassemia major,
B-thalassemia intermedia and comparing this with the controls.

Patients and Methods: This study was conducted on sixty
B -thalassemia patients (30 p-thalassemia major and 30 f-
thalassemia intermedia) together with 30 age and sex matched
controls. Patients were selected from the outpatient clinics of
the Pediatric Hematology Unit and the Inpatients of Pediatric
Department; Faculty of Medicine, Beni Suef University
Hospital during the year 2017. Patients and control were
subjected to clinical evaluation and complete blood count
along with serum ferritin and sTfR levels by Enzyme-Linked
Immunosorbent Assay (ELIZA) technique.

Results: Both serum ferritin and sT{R levels were signif-
icantly higher in patients compared with controls and in
patients with thalassemia major compared with those with
thalassemia intermedia. Serum ferritin and sT{R levels were
significantly positively correlated with patients' age and with
each other. Each of them was negatively correlated with age
of disease onset, frequency of blood transfusions and with
hemoglobin level.

Conclusion: Serum levels of ferritin and soluble transferrin
receptor were significantly higher in both thalassemic groups
in comparison to control group.
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Introduction

BETA-THALASSEMIA syndromes are a group
of hereditary blood disorders characterized by
reduced or absent beta globin chain synthesis,
resulting in reduced Hb in Red Blood Cells (RBC),
decreased RBC production and anemia [1].

Thalassemias are genetic disorders in globin
chain production, in individuals with f-thalassemia,
there is either a complete absence of B-globin gene
production (P 0-thalassemia) or partial reduction
(B+-thalassemia). In alpha thalassemia, alpha globin
gene production is either absent or partially reduced
2].

Although B-thalassemia has more than 200
mutations, most are rare, approximately twenty
common alleles constitute eighty percentage of
known thalassemias worldwide, three percentage
of world's population carries genes for f3-
thalassemia, and in Southeast Asia, five to ten
percentage of population carries genes for alpha
thalassemia [3].

The central mechanism underlying the patho-
physiology of the B -thalassemias can be related to
the deleterious effects of imbalanced globin chain
synthesis on erythroid maturation and survival [2].
An imbalance of the 0 -/non o -globin chains leads
to an excess of unmatched a-globin which precip-
itates out, damaging membrane structures leading
to accelerated apoptosis and premature destruction
of the erythroid precursors in the bone marrow
such condition known as ineffective erythropoiesis
[4].
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The severe ineffective erythropoiesis stimulates
production of erythropoietin resulting in erythroid
marrow expansion to as much as 30 times the
normal level [5]. The marked expansion of bone
marrow erythroid production and the extramedul-
lary hematopoiesis that occurs in various tissues
such as the thorax and paraspinal region cause the
osseous deformities that are hallmarks of thalassem-
iamajor, such as skull, facial, and sinus deformities
6].

Transferrin isiron carrier protein that consist
of two lohes, the N and C lobes, which can each
bind aFe *ion, transferrin binds to its receptor
(TfR) which mediate iron delivery to cells through
an endocytotic pathway. Receptor binding facilitates
iron release from the C-lobe but impedesiron
release from the N-lobe [7].

Transferrin receptors are transmembrane pro-
teins present on the surface of most cells; theiron
required for cellular metabolism is acquired via
transferrin receptors [§].

Soluble transferrin receptor (STfR) originate
mostly form erythroblasts and to less extent from
reticulocytes, the usefulness of (STfR) has been
implicated in several clinical situations mainly as
amarker of accelerated erythropoiesis or iron
deficiency [9].

Transferrin receptor concentrations are in-
creased in disorders with expanded erythropoiesis,
such as hemolytic anemias and in conditions asso-
ciated with ineffective erythropoiesis, such as
myel odysplastic syndromes and megal obastic ane-
mia [10,11] .

A raised serum tansferrin receptor (STfR) level
isuseful asamarker of iron deficiency asitis
unaffected by inflammation. Asthalassemiais
associated with ineffective erythropoiesis and
therefore an increase in the serum transferrin level
8.

Study of erythropoiesisin selected thalassemia
intermedia patients has shown that for a given
hemoglobin value, hemoglobin F has an independ-
ent regulatory effect on erythropoietin release and
erythropoiesis expansion, patients with high HbF
(>40%) were found to have significantly greater
serum erythropoietin and Soluble transferrin recep-
tor level (sTfR) than low HbF (<40%) patients at
similar hemoglobin concentration. Thereis clear
evidence that sTfR reflectstotal erythropoiesis,
but it is still unclear whether differencesin the
ratio of ineffective to effective erythropoiesis can

affect itslevel [12]. Thiswork was conducted to
study the pathophysiology of iron overload in
children with (3-thalassemiaintermedia and tha-
lassemia major and explore the possible utility of
soluble transferrin receptor (STfR) for the evalua
tion of iron overload and ineffective erythropoiesis
in pediatric Egyptian patients with (3-thalassemia
major, (3-thalassemiaintermedia.

Patients and M ethods

Patients:

The present study was conducted on 60 (3-
thal assemia patients (30 (3-thalassemia major and
30 (3-thalassemia intermedia) together with 30 age
and sex matched controls. They were selected from
the Pediatric Department, Hematology Unit, Faculty
of Medicine, Beni Suef University Hospital. This
study was done during the year 2017. Informed
consents were obtained from the children's guard-
iansfor all participants.

Subjects were divided into three groups:

» Group (I): 30 patients with (3-thalassemia mgjor;
14 (47%) males and 16 (53%) females, their ages
ranged from 1-12 years old.

» Group (I1): 30 Patients with (3-thalassemia inter-
media; 19 (63%) males and 11 (37%) females,
their ages ranged from 3-10 years old.

» Group (111): Control group: 30 normal healthy
subjects; 18 (60%) males and 12 (40%) females,
their ages ranged 1-12 years old.

Methods:
All subjects were subjected to the following:

Full history taking: Including history of con-
sanguinity, frequency of regular blood transfusion,
chelation therapy, duration of illness, family history
of hematological disease, history of splenectomy.

Full clinical examination: General examination,
anthropometric assessment as well as a pedigree
donefor al the patients. These data collected using
a standardized sheet and completed for all study
subjects.

All patients included in the study were on the
following treatment:

Folic acid with a dose of (65-200 microg/day),
L-carnitine with a dose of (50mg/kg/day), those
with high serum ferritin level were on oral iron
chelation therapy in the form of deferiprone with
adose of (75mg/kg/day) or deferasirox with adose
of (10-40mg/kg/day).



Mohamed H. Meabed, et al.

Laboratory investigations:;
Sample collections:

Peripheral blood samples were withdrawn from
each child. Each sample was divided into two parts:
Thefirst part was collected on EDTA and used for
the complete blood count, while the second part
was collected in a plain tube, |eft to clot, centrifuged
and the serum separated and stored at —80°c for
later use.

Biochemical assays. Complete Blood Count
(CBC), Hemoglohin electrophoresis, Serum ferritin
level was quantitatively determined by Enzyme
Linked Immunosorbent Assay (ELISA), Reticulo-
cytic count and Hemoglobin level pre and post
therapy were done.

Serum soluble transferrin receptor (STfR) was
quantitatively determined by Enzyme Linked Im-
munosorbent Assay (ELISA) using monoclonal
antibodies specific for (STfR) using kit manufac-
tured by Bio Vendor Research and Diagnostic
Products, D.69120 Heidelberg, Germany, Version
4102100915 (Lot number: AKOO15MARI 6007).
Reference ranges were 1.0-2.9ug/ml when using
this assay values increased in thalassemia. Readings
were done at wave length 450nm using an ELIZA
reader within 5-10 minutes [13].

All previously mentioned biochemical assays
were done for all samples of the study groups. For
all biochemical assays, the manufacturer instruc-
tions were followed.

Satistical analysis:

Datawas collected, verified, revised then edited
on personal computer. Data were coded and entered
using the statistical package SPSS (Statistical
Package for the Social Science; SPSS Inc., Chicago,
IL, USA) version 22. p-values less than 0.05 were
considered as statistically significant.

Results

Data of the present study showed that thal assem-
iamajor manifestations appear at significantly
earlier age of onset than thalassemia intermedia
(0.56+0.17, 3.45+0.93) respectively p>0.01. Pa-
tients of thalassemia major group had significant
more frequent blood transfusions (times/year) than
those of thalassemiaintermedia group (13.4 £0.66,
1.90+0.31) p<0.01 (Table 1).

Results showed statistically significant higher
usage of iron chelator drugs among thalassemia
major patients compared to thalassemiaintermedia
group [29 (96.7%) & 27 (85%)] respectively p<0.01
(Tablel).
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In addition, data of the present study revealed
higher significant differences regarding splenecto-
my and hepatomegaly [21 (70%) & 25 (83%)]
respectively in thalassemia major patients as com-
pared to those of thalassemiaintermedia [6 (20%)
& 23 (76.66%)] respectively p<0.05 (Table 1).

Splenomegaly in patients of thalassemia major
is 9 (30%) which is significantly lower than that
of thalassemia intermedia 21 (70%) obviously as
aresult of more splenectomy were done for tha-
lassemiamgjor patients p<0.05 (Table 1).

Table (1): Statistical comparison between Thalassemia Major
(TM) and Thalassemia Intermedia (T1) patients
regarding different clinical data.

’ TM (N=30) Tl (N=30)
Vaiables Mean£SD Mean+SD  value
* Age of disease onset (years) 0.56£0.17  3.45+0.93 <0.01**
* Frequency of blood 134+0.66 1.90+0.31 <0.01**
transfusions (times/year)
* [ron chelation:
No chelation 1 (5%) 3 (15%) <0.01**
Deferasirox 26 (80%) 27 (85%)
Deferiprone 3 (15%)
* Spleen:
Normal 3 (10%) <0.01**
Splenomegaly 9 (30%) 21 (70%)
Splenectomy 21 (70%) 6 (20%)
e Liver:
Normal 5 (17.7%) 7 (23.33%) <0.05*
Hepatomegaly 25(83.3%) 23 (76.66%)

* : Significant; p-value <0.05.
**: Highly significant; p-value <0.01.

Current study data revealed statistically signif-
icant lower HbA, higher HbA2 and Hb F in tha-
lassemia major (32.3£38.3, 5.3+3.5, 62.4£28.5)
respectively as compared to thalassemia intermedia
patients (65.2+35.2, 2.5+2.0, 32.3+36.0) respec-
tively p<0.01 (Table 2).

On the other hand, there were no significant
differences concerning the WBCs count, mean Hb
level, MCV and PLT count among both beta tha-
lassemic groups p>0.05 (Table 2).

Table (2): Statistical comparison between Thalassemia Major
(TM) and Thalassemia Intermedia (T1) groups
according to the laboratory parameters.

. ™ Tl p- !
Varigbles Mean+SD  Mean+SD  vaue 9
WBCX 10%/mL 10163 9.1+34 0557 NS
Hb (gnvdl) 7311 7817 0244 NS
MCV (fL) 66.6£84 65.6£10.4 0329 NS
PLT X 10°/mL  5642%4109 5113+2263 0636 NS
HbA (%) 323383 6523526 0001 HS
HbA2 (%) 53+35 252 0 0004 HS
HbF (%) 62.4%285 323%360# 0002 HS
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Our results showed that there was statistically
significant decrease in hemoglobin levels in all
beta thalassemic patients as compared to control
group p<0.01 (Table 3).

Serum ferritin and sTfR levels were significant-
ly higher in thalassemia major patients (16451940
ng/dl, 6.31+0.6 gg/mll) respectively as compared to
thalassemia intermedia patients (79 1 £300ng/dl,
4.7£0.7 g/mid p<0.01 (Table 3).

Table (3): Statistical comparison between Thalassemia Major
(TM), Thalassemia Intermedia (TI) and control
groups regarding the laboratory data.

Variables ™ T Control P
Mean£SD Mean=SD Mean=SD  value
Hb (gm/dl) 73%1.1 7.8%1.7 12.340.7 >0.01
S.Ferritin (ng/dl) 16451933  789+296# 102£19%@  >0.01
ST{Rs (ng/ml) 6.3£0.6 4.7+0.7# 2340.8#@  >0.01

# : Significant as compared to TM.
@: Significant as compared to TI.

While serum ferritin and sTfR levels were
significantly higher in all beta thalassemic patients
as compared to control group p<0.01 Fig. (1).
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Serum ferritin level is positively correlated
with patients age while it was negatively correlated
with age of disease onset (years), Hb% (gm/dl)
and frequency of blood transfusion (Table 4).
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Fig. (2): Correlation between serum sTfR and hemoglobin
levels among control group.

Table (4): Correlations between sTfR and serum ferritin and
other variables among beta thalassemic patients.

sTfRs (ng/ml) S. Ferritin (ng/dl)

0.0

Control Diseased

Fig. (1): Comparison between control group and diseased
groups regarding soluble transferrin receptor (sTfR)
level.

Correlations:

Data of the current work showed a strong neg-
ative correlation between sTfR and both the age
(=—0.711 & p-value <0.01) and the hemoglobin
level (r=-0.872 & p-value <0.01) among control

group Fig. (2).

Results of the present work demonstrated that
There was a strong positive correlation between
sTfR ( gg/m# and both of serum ferritin (ng/dl) &
age among beta thalassemic patients. On the other
hand, there was a strong negative correlation be-
tween sTfR ( gg/) and age of disease onset
(years), Hb% (gm/dl) and Frequency of blood
transfusion (Table 4).

Pearson p- Pearson p-
correlation  value  correlation  value
* Age (years) 0.355%%  <0.01 **  0.443*%*  <0.01**

* Age of disease onset  —0.439*%*  <0.01 **  -0.426** <0.01**
(years)

* Frequency of blood -0.511**%  <0.01 ** —0.372%*  <0.01**
transfusion

« Hb% (gmv/dl) —0.896%*  <0.01 ** —0.688%* <0.01%*

« S. Ferritin 0.771 ** <0.01 **

Data of the current work showed that there is
strong negative correlation between sTfR and
hemoglobin (7=—0.997 & p-value <0.01), and strong
positive correlation between serum ferritin and age
(r=0.896 & p-value <0.01) among thalassemia
intermedia group Fig. (3).
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Fig. (3): Correlation between sTfR and hemoglobin among
thalassemia intermedia group.
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Data of the present study showed that there is
strong negative correlation between sTfR and
hemoglobin (r=0.996 & p-value <0.01) among
thalassemia major group Fig. (4).

Group: Thalassemia major
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Fig. (4): Correlation between sTfR and hemoglobin among
thalassemia major group.

Discussion

Beta Thalassemia is the most common chronic
hemolytic anemia in Egypt (85.1%) with an esti-
mated carrier rate of 9-10.2% [14].

The transferrin receptor (TfR) is the principal
means by which various organ cellular constituents
acquire iron, especially erythroid precursors in the
bone marrow for hemoglobin production and the
placenta for iron supply to the fetus. The TfR is a
188-kDa transmembrane glycoprotein consisting
of two 95-kDa polypeptide chains [13].

The TfR binds transferrin with increased avidity
for diferric transferrin, whereas apotransferrin is
minimally bound. Once transferrin binds to the
receptor, the TfR-transferrin iron complex is inter-
nalized by formation of endocytic vesicles. Iron
is released from the transferrin molecule within
the vesicle under low pH conditions within the cell
cytosol; released iron is then transported out of
the vesicle into the cytoplasm via dimetal-
transporter II, which is incorporated into the vesicle
wall [15].

The remaining apotransferrin-TfR complex
within the endocytic vesicle is transported back to
the cell membrane, where apotransferrin is released
back into the circulation, and TfR is incorporated
into the cell membrane. Cell surface TfR concen-
tration reflects iron requirements of the cell. When
there is diminished intracellular iron available for
a cell's metabolic requirements, cell surface TfR
is upregulated in an effort to acquire more iron,
while cell surface TfR is downregulated when there
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is sufficient intracellular iron content. Ferritin
content of the cell is reciprocally regulated by a
unique control mechanism at the level of translation
[10].

Serum contains a soluble Tfr (sTfR) molecule
that circulates bound to transferrin and is a cleaved
and truncated 85-kDa form of the whole TfR mol-
ecule. The circulating sT{R level reflects total body
TR concentration, the major source of sT{R being
bone marrow erythroid precursors. Ferrokinetic
studies show a significant correlation between
circulating sTfR levels and erythroid precursor
mass [13].

The iron status reflects the balance among
dietary iron uptake, its storage and mobilization,
and its utilization. Iron overload is a common and
serious problem in thalassemia, as well as in other
hereditary and acquired hemolytic anemias. The
main causes of iron overload in thalassemia are
Hb instability, RBC transfusions, and increased
iron absorption from the gastrointestinal tract [4].

This study aimed to investigate the level of
serum sT{R and its correlation with ineffective
erythropoiesis and iron overload in pediatric Egyp-
tian patients with (3-Thalassemia major and B-
Thalassemia intermedia.

Our results reported that age of onset, symptoms
and signs of hemolysis appear early in thalassemia
major patients compared with thalassemia interme-
dia patients. This agreed with the results of [1]
(Galanello and Origa, 2010) who reported that
Clinical presentation of thalassemia major occurs
between 6 and 24 months. Affected infants fail to
thrive and become progressively pale. Feeding
problems, diarrhea, irritability, recurrent bouts of
fever, and progressive enlargement of the abdomen
caused by spleen and liver enlargement may occur.
While individuals with thalassemia intermedia
present later than thalassemia major, have milder
anemia and by definition do not require or only
occasionally require transfusion. At the severe end
of the clinical spectrum, patients present between
the ages of 2 and 6 years and although they are
capable of surviving without regular blood trans-
fusion, growth and development are retarded. At
the other end of the spectrum are patients who are
completely asymptomatic until adult life with only
mild anemia [1].

Data of the current work had reported higher
incidence of splenectomy in thalassemia major
patients 21 (70%) as compared to thalassemia
intermedia patients 6 (20%). This comes in accord-
ance with [16] Hassan et al., 2018; who did a cross
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sectional study that was carried on 73 patients with
beta thalassemia. They reported that splenectomy
was significantly higher in patients with thalassemia
major compared to patients with thalassemia inter-
media (40.7%, 20%) respectively [16].

Splenectomy has been performed convention-
ally as an adjunct or alternative to transfusion
therapy. Data from observational studies suggest
that splenectomy may improve growth, quality of
life, and hemoglobin levels for some patients.
However, data on serious adverse events after
splenectomy are continuing to accumulate [17].

In addition to the accepted risk of sepsis, ob-
servationa data on patients with NTDT suggest
that splenectomy may be associated with a4-7-
fold increased risk of overt venous thrombosis and
other vascular manifestations, including pulmonary
hypertension. It has also been suggested that
splenectomy may reduce the body's ability to scav-
enge toxic free iron species. Accordingly, indica-
tions for splenectomy among patients with beta-
thalassemia are becoming increasingly restrictive
[18].

Our results showed higher significant incidence
of hepatomegaly among diseased groups compared
with control group. This comes in agreement with
Hassan et al., 2018 who reported that hepatomegaly
was present in 41 (56.2%) patients of their study
that of 73 thalassemic patients [16].

Hepatic diseases remain one of the most impor-
tant problems among patients with thalassemia.
Common causes include transfusion-related viral
hepatitis (Hepatitis B, C), iron overload, drug
toxicity, and biliary disease due to gallstones.
Cardiac failure and rhythm disturbances remain
the main cause of death among young adults with
beta thalassemia major [16].

Asfor prevalence of hepatomegaly in tha-
lassemic patients, variable results were obtained
due to differencesin studied populations and age
of included patients [19] . Hashemizadeh et al .,
found hepatomegaly in 46% of beta thalassemia
major patients with a mean age of 10.8 years.
Higher percentage (77%) of hepatomegaly was
reported by [20] Caocci et ., in thalassemic patients
with a median age of 10 years. On the contrary,
[21] Grow et al., reported lower prevalence of he-
patic complications (6.8%) and this can be ex-
plained based on that 59.3% of their patients were
below 10 years.

In our study thalassemia major patients under-
went blood transfusions significantly more frequent

as compared with thalassemia intermedia patients
(13.4£0.66, 1.90+£0.31) respectively. Also, tha-
lassemia major patients had significantly higher
usage of iron chelators compared with thalassemia
intermedia patients p-value <0.01.

Physiologically, 1-2mg of iron is absorbed from
the diet per day, with an equivalent amount lost
by the turnover of gastrointestinal tract epithelial
cells. The body has no mechanism for disposing
of excessiron; therefore, in thalassemia and other
transfusion dependent anemias, iron overload may
accumulate in arelatively short time (transfusional
iron overload). An RBC transfusion requirement
of two units (200-250mg of iron per unit) per
month will result in over 20g of excess body iron
in4years [27].

Most other iron overload patients are anemic
(Hb <10g/dL) and, therefore, particularly those
who are transfusion dependent, will requireiron
chelation therapy in order to normalize their iron
level (atransferrin saturation of <50% and serum
ferritin <500ng/mL). Iron chelators remove excess
iron from the plasma and the cells by binding the
labile, chelatable iron, thus facilitating its excretion
through the urine and feces [4].

Regarding to serum ferritin, it was significantly
elevated among the diseased groups compared with
control group (p<0.01). Thalassemia major patients
showed the highest levels (1645+933ng/dl) com-
pared with thalassemiaintermedia (789 +296ng/dl)
patients. This agreed with the results of [23] El-
Shanshoury et al., 2014 who found in their study
that conducted on 200 cases of children with (-
thalassemiaincluding 158 children with thalassemia
major and 42 children with thalassemia intermedia
These children came from most of Egyptian Gov-
ernorate with a random selection from thousand
Cases [23].

They reported that there was significantly lower
total iron binding capacity, and significantly higher
serum ferritin and serum iron, in patients with
thalassemia major compared with patients with
thalassemia intermedia serum ferritin was (2857 +
146ng/dI) in thalassemia major versus (910 + 123
ng/dl) in thalassemiaintermediawith p-value
<0.001) [23].

Chronic iron overload is the primary cause of
morbidity and mortality of thalassemia patients. It
results from a number of mechanisms including
repetitive blood transfusion, peripheral hemolysis,
increased intestinal iron absorption aswell as
ineffective erythropoiesis. Serum ferritin is one of
the acute phase proteins that could increase in
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conditions of infections and inflammations. Al-
though it was shown to be a poor predictor of iron
load as it is affected by other conditions, serum
ferritin leve is still the widely and most commonly
used method to asses and monitor iron load in
thalassemia children. As expected, in this study
the mean yearly serum ferritin was significantly
higher in both thalassemia groups (TM and TI)
when compared to the control group [24].

Serum STfR levels were significantly elevated
among diseased groups compared with controls ( p
<0.01), and the highest values were observed in
thalassemia major patients (6.3+0.6 gy/mlas com-
pared with thalassemia intermedia patients (4.7 £0.7

P/ (p<0.01). This means that the degree of
ineffective erythropoiesisis higher in thalassemia
major group compared with the thalassemiainter-
media group.

These findings agree with Ragab et al., 2015
[24] who reported that serum sTfR level was higher
in thalassemia major patients than thalassemia
intermedia patients (p<0.01) and both of TM and
TI had higher sTfR level as compared to control
group (p<0.01).

sTfR is a soluble fragment of membrane-bound
TfR that truncated from nearly all cells mostly
from erythroblast and reticul ocyte, has become
easier to perform in the past 10 years and can be
measured quantitatively. It is sensitive to represent
iron availability during the erythropoietic process
in bone marrow and other tissue as well as represent
tissue iron status [24] .

sTfR is abiomarker of erythropoiesis. When
SF levels are normal or high, sTfR levelsreflect
the erythropoietic activity [25].

Soluble transferrin receptor (STfR) which fully
reflects bone marrow erythropoietic activity, had
an attractive diagnostic accuracy in predicting the
risk of extramedullary hematopoiesis not only in
patients with thalassemia intermedia, but also in
those with thalassemia major [26] .

STfR level showed an acceptable sensitivity
and specificity in predicting amost all complica-
tions and particularly those more directly linked
to erythropoiesis expansion such as osteoporosis,
osteopenia, extramedullary hematopoiesis and
thrombosis [26].

Erythropoiesis and iron metabolism are closely
interconnected. Indeed, erythropoiesis participates
in systemic iron homeostasis by regulating hepci-
din, which is upregulated in response to iron over-
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load and inflammation and downregulated by eryth-
ropoietic stimuli such as anemia, hypoxia, and
EPO synthesis/administration [27].

In thalassemia, ineffective erythropoiesisin-
duces the release of factors including growth dif-
ferentiation factor 15 (GDF15), twisted gastrulation
protein homolog 1 (TWSG1), Hypoxia Inducible
Factor (HIF), and erythroferrone (ERFE), which
can al inhibit hepcidin release. A negative corre-
lation of GFD 15 with hepcidin corroborates the
suppression of theiron regulatory protein and
hepcidin [2g].

Tanno et al., reported that individuals with [3-
thalassemia have elevated serum GDF15 levels
which are positively correlated with sTfR, eryth-
ropoietin (EPO), and Serum Ferritin (SF) levels
and negatively associated with hemoglobin levels
[29] Tanno et al., 2007. These data suggest that
excessive release of GDF 15 may suppress hepcidin
production and thus dysregul ate iron homeostasis
in thalassemia syndromes [30] Tanno et al., 2009.

Data of the present study illustrated the the
presence of a significant negative correlation be-
tween serum ferritin and age of thalassemia onset,
frequency of blood transfusions, as when hemolysis
present early, thiswill need more frequent blood
transfusions, which lead to significant elevation
in serum ferritin level and ultimately iron overload.

In addition, a significant negative correlation
between STfR concentration and Hb concentration
in both p-thalassemiamajor and B -thalassemia
intermedia. There was a strong positive correlation
between sTfR and serum ferritin levels. The highest
levels of sTfR and serum ferritin were observed
in the thalassemia major group compared with
other groups.

This confirms the possible use of soluble form
of transferrin receptor as a biomarker of ineffective
erythropoiesis and iron overload in patients of beta
thalassemia.

In conclusion, the study confirmed that the
elevated levels of serum soluble transferrin receptor
are seen in situations with active erythropoiesis,
such as thalassemia mgjor and thalassemia inter-
media. Also, the study confirmed that Iron status
can be fully assessed by using serum ferritin,
soluble transferrin receptor and hemoglobin. Sol-
uble transferrin receptor could be used as a biomar-
ker of ineffective erythropoiesis and iron overload
in patients of beta thalassemia.



3714 Soluble Form of Transferrin Receptor as A Biomarker of Ineffective Erythropoiesis

16- HASSAN T., ZAKARIA M., FATHY M., ARAFA M.,
EL GEBALY S, EMAM A. and EL GERBY K.: Associ-
ation between genotype and disease complicationsin
Egyptian patients with beta thalassemia: A Cross-sectional
study. Scientific reports, 8 (1): 17730. doi: 10.1038/
$41598-018-36175-9, 2018.
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