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Abstract

Introduction: Studies in beta thalassaemia major (B-TM) patients have
shown that the responses of HIF2a, hepcidin, and ferroportin molecules to
high iron levels are impaired. In recent years, studies conducted in patients
with iron deficiency anaemia have investigated the relationship between
ghrelin hormone and iron metabolism. In this study, we aimed to contrib-
ute to the aetiopathogenesis of this disease by examining the changes in
ghrelin hormone levels in patients with B-TM.

Material and methods: Fifty-two B-TM and 23 controls were included in our
study. Blood counts, routine biochemical parameters, HIF2a, hepcidin, and
ghrelin levels were studied in blood samples taken from the volunteers.
Results: Erythrocyte indexes, serum bilirubin, iron, unsaturated iron binding
capacity, total iron binding capacity, and ferritin levels showed significant
differences between the 2 groups (p < 0.05). There was no significant dif-
ference between 2 groups for serum HIF2a and hepcidin levels. When the
2 groups were compared, ghrelin levels were found to be significantly higher
in the patients (p < 0.05). When the correlation between parameters was
examined in all subjects, a weak positive correlation was found between
ghrelin and HIF2a (r = 0.263) (p < 0.05), and a significant positive correlation
was found between ghrelin and ferritin (r = 0.417) (p < 0.05).

Conclusions: Our study showed that there is a positive correlation between
ghrelin and ferritin levels. Elevated ghrelin levels in patients with -TM may
play an important role in regulating impaired iron metabolism. Molecular
level studies are needed to determine synthesis pathways.

Key words: ghrelin, iron metabolism, hepcidin, HIF2a, beta thalassaemia
major.

Introduction

Beta thalassaemia major (B-TM) is a congenital haemoglobinopathy
with complications affecting many organs. Chronic anaemia due to in-
effective erythropoiesis, hypoxia, frequent blood transfusions, and high
serum iron levels despite iron chelation treatment are the most common
problems seen in these patients. It is known that the ferroportin-hepcidin
pathway plays an important role in the regulation of iron metabolism.
The ferroportin-1 molecule is a protein that provides the release of iron
molecule from tissues such as intestine and liver into blood according to
the body’s needs. Hepcidin and hypoxia-induced factor 2a. (HIF2a) mole-
cules are involved in the regulation of ferroportin-1 molecule levels. In the
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literature about iron metabolism, it is stated that
hepcidin hormone increases in periods when the
serum iron level is high, and it causes a decrease
in iron level by causing degradation of ferroportin
[1]. The HIF2a molecule increases serum iron lev-
els by increasing the gene expression of the ferro-
portin molecule, especially in the intestinal cells
[2]. There are studies showing that high iron lev-
els in B-TM patients are related to increased iron
absorption due to impaired hepcidin-ferroportin
pathway and chronic hypoxia, especially from the
small intestine [3].

Ghrelin hormone is synthesised in many or-
gans, especially in the fundus of the stomach,
hypothalamus, pituitary, thyroid, small intes-
tine, liver, kidney, heart, pancreas, and gonads.
Regulating appetite, releasing growth hormone,
producing an anti-insulinergic effect, and vas-
odilation are stated as physiological effects of
the ghrelin hormone [4, 5]. Studies conducted in
recent years have emphasised the relationship
between serum ghrelin and iron levels. In most
of these studies, the effects of ghrelin on iron
metabolism were investigated in iron deficiency
anaemia [6, 7]. There are few studies examining
the interaction with ghrelin hormone in patients
with high iron levels (haemoglobinopathy, etc.).
The effects of ghrelin hormone on gonadal de-
velopment in B-TM patients were examined, and
it was emphasised that gonadal developmental
failure may occur due to ghrelin hormone defi-
ciency [8]. There are very few studies on ghrelin
hormone and iron metabolism in the literature. In
one study, it was reported that ghrelin peptide in-
creased expression of the ferroportin-1 molecule
in the liver and spleen [9].

In this study, we investigated the relationship
between serum ghrelin, hepcidin, HIF2a, and ferri-
tin levels in patients with B-TM. We aimed to con-
tribute to the aetiopathogenesis of this disease by
examining the changes in ghrelin hormone levels
in patients with B-TM.

Material and methods

Fifty-two (24 males, 28 females) patients with
B-TM and 23 (9 males, 14 females) healthy con-
trols were included in this study. The volunteers
included in the study group did not have any
chronic diseases such as diabetes mellitus, hy-
pertension, thyroidal, or renal diseases. In addi-
tion, iron deficiency anaemia was accepted as an
exclusion criterion in the control group. Venous
blood samples were taken from all volunteers in
the morning after 10-12 h of fasting. The blood
samples were taken from the patient group be-
fore transfusion. Each patient was on a regu-
lar transfusion program (every 2—4 weeks). The
haemogram parameters (red blood cells — RBC,

haemoglobin — Hb, Hct-haematocrit — Hct, mean
corpuscular volume — MCV) from the blood sam-
ples were measured with an XN 1000 autoana-
lyzer (Sysmex Corp. Japan) using impedance and
flow cytometry methods. Measurements of se-
rum iron, total iron binding capacity (TIBC), un-
saturated iron binding capacity (UIBC), total bili-
rubin, and direct bilirubin levels were performed
spectrophotometrically with a fully automatic
AU 5800 analyser (Beckman Coulter Inc., USA).
Serum ferritin levels were measured by chemi-
luminescence method on a fully automatic DxI
800 analyser (Beckman Coulter Inc., USA). Serum
ghrelin, HIF2a, and hepcidin levels were mea-
sured by ELISA method using the USCN ELISA kit
(Cloud-clone Corp., Wuhan, China).

Statistical analysis

Descriptive statistics were presented with
mean, standard deviation, median, and range
of distribution values. The Kolmogorov-Smirnov
test was used to determine the distribution of
the collected data for each variable considered
in the study. In the analysis of the difference
between the data of the patient and control
groups, the unpaired sample t-test was used for
the data that fit the normal distribution, and the
Mann-Whitney U test was used for the data that
did not fit the normal distribution. Spearman
test was used for correlation analysis between
the 2 groups. P < 0.05 was considered statistical-
ly significant.

Results

A total of 75 subjects, including 52 pa-
tients with B-TM (24 men (46.1%), 28 women
(53.8%)) and 23 healthy controls (9 (39.1%) men,
14 (61.9%) women) were included in this study.
The mean age of the participants was 29.73
+6.78 years in the patient group and 33.26 +8.22
years in the control group. There was no signifi-
cant difference between the groups in terms of
age and gender. When the erythrocyte indexes
of the patient group and the control group were
compared, in the patient group the RBC levels
were found to be significantly higher, while Hb,
Hct, and MCV levels were found to be significantly
lower (p < 0.05). In the comparison of the bio-
chemical parameters of the patient group and the
control group, serum iron, ferritin, total bilirubin,
and direct bilirubin levels were significantly high-
er in the patient group (p < 0.05), while unsatu-
rated iron blood capacity (UIBC) and TIBC levels
were significantly lower in the patient group (p <
0.05) (Table 1.

In the comparison of serum ghrelin, HIF2a,
and hepcidin parameters of the patient and the
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Table 1. Comparison of CBC and biochemical parameters of patient and control groups. Mann-Whitney U test was
used to compare the groups. Statistical significance was defined as p-value < 0.05

Parameters Control (n = 23)

Median (minimum-maximum)
3.31 (2.64-4.23)

Patient (n = 52)
Median (minimum-maximum)

4.65 (4.22-6.28)*

RBC [10%/mm?3]

Hb [g/dl] 14 (8-16.6) 8.9 (7.6-11.6)*
Hct (%) 41.4 (29.4-50.8) 26.9 (21.5-35.5)*
MCV [um?] 88.7 (66.1-94.2) 82.6 (70.1-86.9)*
Iron [ug/dl] 89 (32-610) 212 (39-395)*
UIBC [ug/dl] 249 (13-413) 34 (0-269)*
TIBC [pg/dl] 348 (248-623) 249 (62-473)*

Ferritin [ug/|] 30.7 (5-122.8) 370.2 (89-10783)*
Total bilirubin [mg/dl] 0.63 (0.31-1.48) 2.28 (0.86-7.07)*
Direct bilirubin [mg/dl] 0.10 (0.04-0.34) 0.47 (0.15-0.96)*

RBC — red blood cells, Hb — haemoglobin, Hct — haematocrit, MCV — mean corpuscular volume, UIBC — unsaturated iron binding capacity,
TIBC - total iron binding capacity.

Table IIl. Comparison of ghrelin, HIF2a, and hepcidin parameters of the patient and control groups. Mann-Whitney
U test was used to compare the groups. Statistical significance was defined as p-value < 0.05

Parameters Control (n = 23) Patient (n = 52) P-value
Median (minimum-maximum) Median (minimum-maximum)

Ghrelin [pg/ml]) 198.38 (49.32-263.33) 216.83 (60.36-273.53) 0.018*

HIF2a [ng/ml] 0.72 (0.15-1.87) 1.03 (0.04-4.26) 0.078

Hepcidin [pg/ml] 105.29 (29.38-597.04) 107.96 (7.18-1139.72) 0.629

HIF2a. - hypoxia-induced factor 2a.

Table IlI. Correlation analysis between ghrelin, HIF2a, and hepcidin parameters. Spearman correlation test was
used in the correlation analysis between groups. Statistical significance was defined as *p-value < 0.05

Parameters All subjects (n = 75) Control (n = 23) Patient (n = 52)
r r r
Ghrelin-HIF2a 0.263* 0.108 0.285*
Ghrelin-hepcidin -0.085 -0.023 -0.128
HIF2a-hepcidin 0.120 -0.061 0.163

HIF20. — hypoxia-induced factor 2a.

control groups, ghrelin levels were found to be sig-
nificantly higher in the patient group (p < 0.05).
There was no significant difference in HIF2a and
hepcidin levels between the patient and control
groups (Table I). When the correlation between
ghrelin-HIF2a, ghrelin-hepcidin, and HIF2a-hep-
cidin were examined, a weak positive correlation
was found with ghrelin-HIF2a (r = 0.263) (p <
0.05) in all subjects (Table IlI, Figure 1), no signifi-
cant correlation was found between these param-
eters in the control group (Table Ill), and a weak
positive correlation was found with ghrelin-HIF2a.
(r=0.285) (p < 0.05) in the patient group (Table IlI).
When the correlations between ghrelin-iron, ghre-
lin-UIBC, ghrelin-TIBC, and ghrelin-ferritin were ex-
amined, a positive correlation was found between
ghrelin-ferritin (r = 0.417) (p < 0.05) in all subjects
(Table IV), (Figure 2). Furthermore, a weak positive
correlation was found with HIF2o-UIBC (r = 0.291)
(p < 0.05) in the patient group. No significant cor-

Ghrelin [pg/ml]

r=0.263

0 05 10 15 20 25 3.0 35 40 45
HIF20 [ng/ml]

Figure 1. Correlation analysis between ghrelin and
hypoxia-induced factor 2o (HIF2a) in all subjects.
Spearman correlation test was used in the correlation
analysis between groups. Statistical significance was
defined as *p-value < 0.05

relation was found between other parameters in
the patient and control groups. The correlation
analysis of ghrelin, HIF2a, and hepcidin parame-
ters with iron, UIBC, TIBC, and ferritin parameters
is shown in Table IV.
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Table IV. Correlation analysis of ghrelin, HIF2a, and hepcidin parameters with iron, UIBC, TIBC, and ferritin param-
eters. Spearman correlation test was used in the correlation analysis between groups. Statistical significance was

defined as *p-value < 0.05

Parameters All (n = 75) Control (n = 23) Patient (n = 52)
r r r

Ghrelin-iron 0.207 -0.32 0.10
Ghrelin-UIBC -0.151 0.13 0.10
Ghrelin-TIBC -0,041 0.27 0.094
Ghrelin-ferritin 0.417* 0.012 0.411*
HIF2a-iron -0.004 -0.288 -0.086
HIF2a-UIBC 0.089 -0.051 0.291*
HIF2a.-TIBC -0.076 -0.166 —-0.008
HIF2a-ferritin 0.188 -0.230 0.099
Hepcidin-iron -0.068 0.118 -0.212
Hepcidin-UIBC -0.147 -0.288 -0.085
Hepcidin-TIBC -0.188 -0.186 -0.172
Hepcidin-ferritin 0.115 0.136 0.121

UIBC — unsaturated iron binding capacity, TIBC — total iron binding capacity, HIF2o. — hypoxia induced factor 2o.
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Figure 2. Correlation analysis between ghrelin and
ferritin in all subjects. Spearman correlation test was
used in the correlation analysis between groups. Sta-
tistical significance was defined as *p-value < 0.05

Discussion

In B-TM, RBC indexes show hypochromic mi-
crocytic anaemia. Consistent with other studies
in the literature, hypochromic microcytic anae-
mia was also found in the patient group of our
study [10-13]. Increased erythrocyte production
and homolysis in thalassaemia patients result in
increased haemoglobin breakdown products. In
some studies, the bilirubin results of thalassae-
mia patients were found to be high [14-16]. In
our study, total bilirubin and direct bilirubin levels
were found to be higher than the control group,
which is consistent with the literature. Iron over-
load occurs in patients with B-TM due to repeated
blood transfusions, ineffective erythropoiesis, pro-
gressive iron absorption from the gastrointestinal
tract, and reticuloendothelial iron recycling. Regu-
lar transfusions can double the rate of iron accu-
mulation [17]. Consistent with other studies in the
literature, in our study, the serum iron level of the
patient group was found to be statistically signifi-

cantly higher than the control group [18-20]. Fer-
ritin levels were found to be high due to iron load
in thalassaemia [21-26]. In our study, serum UIBC
and TIBC levels were found to be significantly low-
er and ferritin levels were found to be significantly
higher in the patient group, consistent with the
literature.

Hepcidin expression increases in iron overload
and inflammation, and it decreases in iron defi-
ciency and hypoxia states [26-28]. However, hep-
cidin production was found to be low despite iron
overload in thalassaemia studies. A possible rea-
son for this is the inhibition of hepcidin gene ex-
pression by factors such as erythroferrone (ERFE)
[29-31]. ERFE is synthesised by erythroblasts upon
erythropoietin (EPO) stimulation. ERFE is released
into the circulation and attenuates hepcidin sig-
nal in response to iron. When anaemia causes
hypoxia, other mediators such as platelet-derived
growth factor-BB (PDGF-BB) released by different
cell types also suppress hepcidin [32]. It is known
that a low serum hepcidin level increases intes-
tinal iron absorption and decreases iron stores
in macrophages, leading to iron overload. Many
studies have shown that low serum hepcidin lev-
els in patients with B-TM can lead to increased
levels of iron absorption and iron overload. As
a therapeutic target, hepcidin may help manage
iron overload in B-TM patients [17, 26]. Because
some studies in the literature have shown that
a moderate increase in hepcidin expression in
B-thalassaemic mice limits iron overload, reduc-
es the formation of reactive oxygen species and
improves anaemia [33, 34]. In our study, serum
hepcidin levels in the B-TM patient group did not
show a statistically significant difference when
compared to the control group. When we exam-
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ined the correlation between hepcidin and iron
parameters, no significant correlation was found
in both groups. Contrary to expectations, the rea-
son why hepcidin was not suppressed in the pa-
tient group may be the blood transfusion, which
keeps the patients’ Hb at optimum levels and
the administration of a controlled iron chelation
therapy. The measurement of hepcidin at normal
values, even in samples taken before transfusion,
may be an indication that high hepcidin levels
have been reached after treatment. This may re-
flect the effectiveness of treatment in our patient
group. Under normal conditions, high hepcidin
levels, which we expect in the case of iron over-
load, can be used as an indicator of effectiveness
of response to treatment.

HIF2a plays an important role in enterocyte iron
uptake and is the primary regulator of EPO produc-
tion [35]. HIF1a is activated in response to acute
hypoxia, while HIF2a is associated with chronic
hypoxia [36]. Intestinal HIF2a. is a critical regula-
tor of iron absorption in cases of iron deficiency,
erythropoiesis, and hepcidin deficiency [37, 38].
Intestinal HIF2a is critical in patients with B-thal-
assaemia, as anaemia has been shown to induce
intestinal hypoxia, and excessive iron absorption
significantly contributes to iron overload. In the
literature, intestinal HIF2o. has been shown to be
elevated in diseases with iron overload [37, 39]. In
our study, when serum HIF2a levels in the thalas-
saemia major patient group were compared with
the HIF2a levels in the control group, no significant
difference was observed. This may be because the
hepcidin levels were not suppressed in the patient
group. This may lead us to think that the ongoing
treatments of the patient group are effective. In
addition, the mean Hb levels of our patients were
measured to be 8.9 g/dl. These Hb levels may not
have caused an increase in the synthesis of HIF2a.
When we examined the correlation between HIF2a
and iron parameters, no significant correlation was
found in the control group. In the patient group, we
found a significant correlation with HIF2a-UIBC.
The reason for this may be that UIBC decreases as
a result of increased iron demand despite iron load
in B-TM patients, and that increased iron demand
is a stimulus for HIF2a.

There are studies in the literature investigating
the relationship between ghrelin and anorexia
seen in iron deficiency anaemia (IDA) [40-42]. It
has been shown that both ghrelin and iron con-
tent decrease in IDA, and a significant positive
correlation was found between the 2 parameters.
In addition, it has been shown that both ghrelin
and iron levels are significantly lower in prepu-
bertal children with IDA compared to controls.
Another study showed that hepcidin and serum
ghrelin, which are the main regulators of systemic
iron homeostasis, increased with iron treatment in

children with IDA, suggesting that iron treatment
plays an important role in hepcidin and ghrelin
synthesis [9, 41, 42]. These findings suggest that
iron plays a role in ghrelin synthesis.

Investigation of ghrelin levels in patients with
B-TM is important to learn the place of ghrelin in
iron metabolism. In the literature, there is a study
investigating the effect of ghrelin on puberty and
reproductive function in B-TM patients. In this
study, it is stated that serum ghrelin levels were
lower compared to the control group. Research-
ers stated that low ghrelin level is related to
growth and development retardation during pu-
berty in B-TM patients [8]. In another study, Kar-
amifar et al. investigated leptin and ghrelin levels
and their relationship with short and lean body
structure in B-TM and thalassaemia intermedia
patients. Ghrelin levels were found to be signif-
icantly higher in the B-TM patient group com-
pared to the control group. They stated that the
reason for this may be a compensatory response
to growth retardation or a partial resistance that
causes an increase in ghrelin levels [43]. Unfor-
tunately, we could not find any study in the lit-
erature investigating ghrelin levels in B-TM pa-
tients, except for these 2 studies. In our study, we
found that serum ghrelin levels were significantly
higher in the patient group (Table Il). Conversely,
Moshtaghi-Kashanian et al. found lower levels of
ghrelin in their study [8]. On the other hand, the
study by Karamifar et al. found higher levels of
ghrelin in the patient group, which supports our
study [43]. The different results between these
2 studies may be due to the difference in age
distribution of the B-TM patients included in the
study.

Although we found that there are many stud-
ies in the literature about changes in HIF2a, hep-
cidin, and ferroportin levels in iron absorption in
patients with B-TM, we could not find any study
examining the relationship between ghrelin and
iron metabolism. Investigating the relationship
between ghrelin and iron metabolism, Luo et al.
conducted their studies in cell culture in mice.
This study showed that ghrelin increased the ex-
pression of GHSR1a, GOAT, hepcidin, ferritin light
chain, and ferroportinl in the spleens of mice [9].
This study, which showed that ghrelin increased
ferroportin expression, led us to think that ghrelin
plays a role in iron metabolism. It is known that
HIF2a plays a role in the synthesis of ferroportin.
HIF2a and ferroportin levels play an important role
in iron absorption in patients with 3-TM.

In this study, we tried to contribute to the
metabolism of iron absorption in patients with
B-TM major by examining the relationship be-
tween HIF2a, hepcidin, and ghrelin levels. When
we examined the correlation between ghrelin and
iron parameters (iron, UIBC, TIBC, and ferritin) in
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our study, no significant correlation was found in
the control group. In the patient group, we found
a significant positive correlation between serum
ghrelin and ferritin (Table 1V). This finding made
us to think that there is a relationship between
ghrelin synthesis and ferritin levels. When we
compare our findings with the literature, there are
many publications about iron deficiency anaemia
in which ferritin and ghrelin levels increase with
iron treatment. The low ghrelin levels in iron defi-
ciency anaemia and the increase in ghrelin levels
with subsequent treatments suggested that iron
is required for ghrelin synthesis.

In conclusion, we think that hepcidin, HIF2a,
and ghrelin can be examined in more details by
cell culture studies using intestinal cells to explain
the iron absorption metabolism in patients with
B-TM. Further clinical studies are needed in larger
patient groups.

Limitations: The patient group participating in
our study comprised an adult group between the
ages of 18 and 45 years and undergoing treat-
ment. Therefore, hepcidin, HIF2a, and ghrelin lev-
els may not be sufficient to show the main effects
in B-TM disease. Our study used blood samples
taken before planned blood transfusion according
to the treatment protocol in patients with B-TM.
Therefore, the data on hepcidin HIF2a and ghrelin
levels coincide with the period when patient val-
ues are most irregular. Since blood was not taken
from the same people again after the treatment,
we cannot comment on the change of these pa-
rameters with the treatment. Since our study was
based on serum samples, we could not demon-
strate the interaction of hepcidin, HIF2a, and gh-
relin at the cellular level.

Funding

This study was supported by Antalya SUAM Ed-
ucation and Research.

Ethical approval

The study was approved by the Health Sciences
University Antalya Training and Research Hospital
Clinical Research Ethics Committee (No. 10/18).
This study was approved by the local Ethics Com-
mittee in accordance with the principles of the
2008 Declaration of Helsinki. Informed consent
was obtained from all subjects and/or their legal
guardian(s).

Conflict of interest

The authors declare no conflict of interest.

References

1. Nemeth E, Ganz T. Hepcidin-ferroportin interaction con-
trols systemic iron homeostasis. Int J Mol Sci 2021; 22:
6493.

2. Vogt AS, Arsiwala T, Mohsen M, et al. On iron metab-
olism and its regulation. Int ) Mol Sci 2021; 22: 4591.

3. Baird DC, Batten SH, Sparks SK. Alpha- and beta-thalas-
semia: rapid evidence review. Am Fam Physician 2022;
105: 272-80.

4. Gupta D, Patterson AM, Osborne-Lawrence S, et al. Dis-
rupting the ghrelin-growth hormone axis limits ghrelin’s
orexigenic but not glucoregulatory actions. Mol Metab
2021; 53: 101258.

5. Song X, Wang M, Jiao H, et al. Ghrelin is a signal to fa-
cilitate the utilization of fatty acids and save glucose by
the liver, skeletal muscle, and adipose tissues in chicks.
Biochim Biophys Acta Mol Cell Biol Lipids 2022; 1867:
159081.

6. Ghrayeb H, Elias M, Nashashibi J, et al. Appetite and
ghrelin levels in iron deficiency anemia and the effect of
parenteral iron therapy: a longitudinal study. PLoS One
2020; 15: e0234209.

7. Kucuk N, Orbak Z, Karakelloglu C, Akcay F. The effect
of therapy on plasma ghrelin and leptin levels, and ap-
petite in children with iron deficiency anemia. J Pediatr
Endocrinol Metab 2019; 32: 275-80.

8. Moshtaghi-Kashanian GR, Razavi F. Ghrelin and leptin
levels in relation to puberty and reproductive function
in patients with beta-thalassemia. Hormones 2009; 8:
207-13.

9. Luo QQ Zhou YF, Chen MYJ, et al. Fasting up-regulates
ferroportin 1 expression via a Ghrelin/GHSR/MAPK sig-
naling pathway. J Cell Physiol 2018; 233: 30-7.

10. Sundh A, Kaur B Palta A, Kaur G. Utility of screening
tools to differentiate beta thalassemia trait and iron-de-
ficiency anemia — do they serve a purpose in blood do-
nors? Blood Res 2020; 55: 169-74.

11. Khandros E, Kwiatkowski JL. Beta thalassemia: monitor-
ing and new treatment approaches. Hematol Oncol Clin
North Am 2019; 33: 339-53.

12. Hasan D, Al Tibi A, Burghel G, et al. Determining the
current prevalence of B-thalassemia variants in Jordan.
Arch Med Sci 2023; 19: 523-7.

13. Tubman VN, Fung EB, Vogiatzi M, et al. Guidelines for
the standard monitoring of patients with thalassemia.
J Pediatr Hematol Oncol 2015; 37: €162-9.

14. Kattamis A, Kwiatkowski JL, Aydinok Y. Thalassaemia.
Lancet 2022; 399: 2310-24.

15. Sultana |, Sultana N, Rabbany MA, et al. Faysal MR. eval-
uation of liver function tests in B-thalassemia major
children. Mymensingh Med J 2022; 31: 894-9.

16. Gao J, Liu W. Advances in screening of thalassaemia.
Clin Chim Acta 2022; 534: 176-84.

17. Bansal D, Lal A. Iron metabolism, hemolytic anemia, and
thalassemia. Indian J Pediatr 2020; 87: 56-7.

18. Kwiatkowski JL. Clinical challenges with iron chelation
in beta thalassemia. Hematol Oncol Clin North Am
2023; 37: 379-91.

19. Pinto VM, Forni GL. Management of iron overload in be-
ta-thalassemia patients: clinical practice update based
on case series. Int J Mol Sci 2020; 21: 8771.

20. Chauhan W, Shoaib S, Fatma R, et al. Beta-thalassemia
and the advent of new interventions beyond transfu-
sion and iron chelation. Br J Clin Pharmacol 2022; 88:
3610-26.

Arch Med Sci



21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

The relationship between ghrelin and iron metabolism in beta thalassaemia major patients

Mahroum N, Alghory A, Kiyak Z, et al. Ferritin — from
iron, through inflammation and autoimmunity, to
COVID-19. ) Autoimmun 2022; 126: 102778.

Plays M, Miiller S, Rodriguez R. Chemistry and biology of
ferritin. Metallomics 2021; 13: mfab021.

Estevao IF, Peitl J, Bonini-Domingos CR. Serum ferritin
and transferrin saturation levels in O and f + thalas-
semia patients. Genet Mol Res 2011; 10: 632-9.

Hsu CC, Senussi NH, Fertrin KY, Kowdley KV. Iron over-
load disorders. Hepatol Commun 2022; 6: 1842-54.
Rujeerapaiboon N, Tantiworawit A, Piriyakhuntorn B
et al. Correlation between serum ferritin and viral hep-
atitis in thalassemia patients. Hemoglobin 2021; 45:
175-9.

Tantiworawit A, Khemakapasiddhi S, Rattanatham-
methee T, et al. Correlation of hepcidin and serum ferri-
tin levels in thalassemia patients at Chiang Mai Univer-
sity Hospital. Biosci Rep 2021; 41: BSR20203352.
Agarwal AK, Yee ). Hepcidin. Adv Chronic Kidney Dis
2019; 26: 298-305.

Czempik PF Wibrek A. Iron deficiency in sepsis patients
based on reticulocyte hemoglobin and hepcidin concen-
tration: a prospective cohort study. Arch Med Sci 2023;
19: 805-9.

Fibach E, Dana M. Oxidative stress in B-thalassemia.
Mol Diagnosis Ther 2019; 23: 245-61.

Srole DN, Ganz T. Erythroferrone structure, function, and
physiology: iron homeostasis and beyond. J Cell Physiol
2021; 236: 4888-901.

Ali S, Mumtaz S, Shakir HA, et al. Current status of be-
ta-thalassemia and its treatment strategies. Mol Genet
Genomic Med 2021; 9: e1788.

Pagani A, Nai A, Silvestri L, Camaschella C. Hepcidin and
anemia: a tight relationship. Front Physiol 2019; 10:
1294.

Preza GC, Ruchala B Pinon R, et al. Minihepcidins are
rationally designed small peptides that mimic hepcidin
activity in mice and may be useful for the treatment of
iron overload. J Clin Invest 2011; 121: 4880-8.

Casu C, Oikonomidou PR, Chen H, et al. Minihepci-
din peptides as disease modifiers in mice affected by
B-thalassemia and polycythemia vera. Blood 2016; 128:
265-76.

Xu MM, Wang J, Xie JX. Regulation of iron metabolism
by hypoxia-inducible factors. Sheng Li Xue Bao 2017;
69: 598-610.

Ban HS, Uto Y, Nakamura H. Hypoxia-inducible factor
(HIF) inhibitors: a patent survey (2016-2020). Expert
Opin Ther Pat 2021; 31: 387-97.

Mastrogiannaki M, Matak P, Delga S, et al. Deletion of
HIF-2a in the enterocytes decreases the severity of tis-
sue iron loading in hepcidin knockout mice. Blood 2012;
119: 587-90.

Schwartz A), Das NK, Ramakrishnan SK, et al. Hepatic
hepcidin/intestinal HIF-2o. axis maintains iron absorp-
tion during iron deficiency and overload. J Clin Invest
2019; 129: 336-48.

Anderson ER, Taylor M, Xue X, et al. Intestinal HIF2a
promotes tissue-iron accumulation in disorders of iron
overload with anemia. Proc Natl Acad Sci USA 2013;
110: E4922-30.

Isguven B Arslanoglu |, Erol M, et al. Serum levels of
ghrelin, leptin, IGF-1, IGFBP-3, insulin, thyroid hormones
and cortisol in prepubertal children with iron deficiency.
Endocr J 2007; 54: 985-90.

41.

42.

43.

Akarsu S, Ustundag B, Gurgoze MK, et al. Plasma ghrelin
levels in various stages of development of iron deficien-
cy anemia. J Pediatr Hematol Oncol 2007; 29: 384-7.
Dogan A, Alioglu B, Dindar N, Dallar Y. Increased serum
hepcidin and ghrelin levels in children treated for iron
deficiency anemia. J Clin Lab Anal 2013; 27: 81-5.
Karamifar H, Bahmanyar M, De Sanctis V, Karimi M.
Leptin and ghrelin serum concentrations in thalassemia
major and intermedia patients and normal subjects. Riv
Ital di Med dell’Adolescenza 2010; 8: 29-33.

Arch Med Sci



