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Abstract. Erythroferrone (ERFE) is a glycoprotein hormone produced by erythroblasts in
response to erythropoietic activity by stimulation of erythropoietin that acts directly on the
liver to inhibit production of hepcidin, lead to increases iron delivery for intensified activity
of erythropoietic. Beta thalassemia are inherited disorders characterized by reduced or absent
synthesis of beta globin chains in the hemoglobin (Hb) moleculel The pathophysiology has
been recognized by anemia and iron overload continually with resultant of frequented blood
transfusions. We intend to investigate serum ERFE level and their associations with each
other. Beta Thalassemia (BT) patients, who were inspected at thalassemia center in
AlLzahra'a hospital teaching period transfusions blood (PTB) for each (14-30 day). Seventy
patients were aged about (11-28 year) and 20 subjects healthy as control group, who matched
were included in the study. Results. Serum ERFE levels were significantly higher in BT
patients compared to control groups. There were significantly (p<0.05) differences in these
biomarker between (BTM and BTI), (splenectomy and non splenectomy) groups. a negative
correlation between ERFE levels with HB, PCV, MCV, MCH, Iron, and Ferritin while it was
a not significant correlated with MCHC and PTB. High level of ERFE as new biomarker in
patients with BTM and BTI is associated with mild or severe anemia and iron overload
especially in patients with splenectomy.

Introduction

Erythroferrone (ERFE), a member of TNF-a superfamily producing from erythroblasts during
erythropoiesis. ERFE production is stimulated by endogenous or exogenous erythropoietin (EPO) ),
thus serving to couple increased erythropoietic activity through act on hepatocytes as erythroid
regulator of suppress hepcidin production, allowing for maintenance of plasma iron concentrations in
the setting of increased erythropoiesis- connected with iron request @. Thus, ERFE might be a key
factor in the control of stored iron release. ¢

Beta-thalassemia, one of the important genetic disease in the world, characterized by iron overload and
decreased red-cell survival result in ineffective erythropoiesis resulted of defect beta-globin chain
expression in the hemoglobin causes in an increase of the alfa/beta globin ratio. The extra free a chains
aggregate and Precipitate in erythroblasts, leading to damage of cell membranes and reactive oxygen
species (ROS) generation, leading to ineffective erythropoiesis ®® - However, few studies of the
function of ERFE in humans because is recently discovered and remains to be investigated.
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We aimed to detect associations between erythroferrone (ERFE), and iron overload .We also aimed to
determine the effects of (ERFE) continuous production of RBC indexes in patients with beta
thalassemia

METHODES

The cohort study was involved 70 BT patients (36 with male, 34 female) and 20 healthy as
control group age (11-28) matched in both groups (patients and controls). Who were withdraw five ml
venous blood samples got from all objective, and investigated for completely automated hematology
analyzer estimated complete blood count (CBC) using Analyzer Mythic 18 (RINGELSAN CO.,
Turkey). Serum level of iron using automated chemistry analyzer. Part of Serum samples were directly
frozen and stored at -80°C serum for measured level of ferritin (Monobind Inc., U.S.A,) and Serum
ERFE were quantified using the ELISA human kit provided from (MyBioSource, San Diego, CA,
USA), Compete, competitive ELISA with an intra-CV and inter-CV values of 7.6% and 10.4%,
respectively. According to the manufacturer's instructions.
Statistical analysis
The statistical significance of differences between groups was evaluated by Independed t-test in
normally distribution, and non-parametric by Man-wittiny and Chi- square using (SPSS V.24).
Correlations were calculated by the Pearson’s correlation coefficients. All result presented as
meanzSE (standard error), p value were set at 0.05 .

RESULTS

Statically analyzed for the hematological data, iron status, and marker of erythropoietic activity. 70
patients with B-Thalassemia mean of aged about (18.39+0.72) year were indicated mild to severe
anemia included RBC counts and RBC indices (Table 1). RBC, PCV, Hb, MCV, MCH and MCHC
were significantly (p<0.05) decreased as compared with 20 control healthy group. In addition, resulted
for the frequency of blood transfusion about of (18.44+0.89) day for long time about of (16.33£2.79)
month in the majority of patients with B-Thalassemia causing the high levels of ferritin and iron to be
significantly increased from the control group (Table 1).

Results the marker of erythropoietic activity, i.e. serum Erythroferrone (ERFE) was significantly
elevated for patients with B-thalassemia (205.13+3.11) pg/ml higher than in healthy controls
(42.45£1.73)pg/ml, Table 1. Although the differences between BTM 52(74.3%) and BTI 18(25.7%)
were statistically significant, in all hematological parameters, iron and ferritin levels, also ERFE level
was significant (p<0.05) decreased in BTM about (198.194£3.23) pg/ml compared with BTI
(225.17+5.56) pg/ml (Table 2 and Fig. 1). Result of ERFE level in B-thalassemia patients for 36
(51.4%) male and 34(48.6%) female (Fig. 2) these showed decreased significantly in male
(190.28+3.17) pg/ml than female (220.85+3.89) pg/ml. Also, B-thalassemia patients with splenectomy
51(27.1%) and non splenectomy 19(72.9%), were increased of ERFE, but decreased of iron, and
ferritin level in non splenectomy (210.5£3.63) pg/ml, (156.8+3.64) ng/ml, and (3478.54+300.39)
pg/ml compared with splenectomy (190.68+4.72) pg/ml, (185.78 £7.09) ng/ml, and (5923.78 £572.3)
pa/ml respectively (Table 2, and Fig.3). The Results of correlations showed ERFE levels were
correlated negatively significant with those of PCV, Hb, MCV, MHC, (Fig.4,5,6.7) but not significant
with MCHC and PTB (Fig.8,9) respectively. In addition, ERFE level was correlated inversely with
ferritin and iron levels (Fig. 10, 11).
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Table (1) Demographic clinical features of patients with Beta thalassemia
comparison with healthy control groups.

Parameters Patients n=70 Control = 20 P-
Mean SE Range Mean SE Range value
Age (year) 18.39 0.72 25 18.15 1.234 18 0.87
11-15 n (%) @ 26(37.1%) 8(40%%)
16-20 n (%) 27(386) 7(35%
=20 n (%) 17(243) 5(25%
Male n (%) 36 (51 _4%%) 12(60%)
Female n (%) 34(48 6% 8(40%%
ERFE(pg/ml) 205.13 * 3.11 98 42 45 173 26 0.000
Fearitin{pg/ml) 414226 * 29659 9839 77.92 577 97 0.000
Iron (ng/ml) 164.67 * 3.60 136 5087 399 62 0.000
RBC(x10°L) 327 * 0.04 1.7 4.64 0.09 1.38 0.000
P.CV% 2502 * 0.36 13 40.11 038§ 5.1 0.000
HB(g/dL) 802 * 0.12 4.57 13.34 018 26  0.000
MCV (fD) 76.35 * 0.36 18.19 §7.03 143 226 0.000
MCH (pg) 24 47 * 0.15 6.63 28.94 050 2.1 0.000
MCHC (g/dL) 3204 * 0.10 4 33.26 033 5.63 0.002
FTB (month) 16.33 279 119 0 0 o 0
PTB(day) 18 44 0.89 53 0 0 o 0
*si gnificant differences at p-value 0.05, ERF E=Ervthroferrone, FTB=First Transfusion Blood,
PTB=Period Transfusion Blood

Table (2) Demographic clinical features of patients with Beta Thalassemia
Major (BTM) comparison with Beta Thalassemia Intermedia (BTI) groups.

Parameters BIM n=52 BTIn=18 P-
Mean SE Range Mean SE Range vwalue
Age (year) 1887 0.86 25 17.00 1.24 17 0.258
Male n (%) 27(51.9%) 9(50%)
Female n (%) 25(48.1% 9(50%
Splenectomy n(%) | 14(26.9%) 5(27.8%)
Non Splenectomy | 38(73.1% 13(72 2%)
ERFE(pg/ml) 19819 * 323 86 22517 556 69 0.000
Ferritin(pg/ml) 472185 % 35382 | 9739 2467 89 28559 4800 0.001
Iron (ng/ml) 16933 * 397 120 15122 7135 135 0.027
RBC(I].UEL} 334 * 004 1.60 3.06 0.07 1.20 0.001
P.CV% 2573 0* 040 1200 | 2296 0.61 10.50 0.001
HB(g/dL) 825 % 014 4.57 7.36 0.20 333 0.001
MCYV (fl) 76.85 * 041 1819 | 7490 0.65 8.79 0.017
MCH (pg) 2480 * 017 6.63 24.02 0.26 347 0.047
MCHC (g/dL) 32.03 0.12 4.00 32.07 0.19 238 0.891
FTB(month) 17.60 356 118 12.67 345 47 0.444
PTB(day) 1833 114 53 18.78 116 23 0827
*significant differences at p-value 005, ERFE=Ervthroferrone, FTB=First Transfusion
Blood, PTB=Period Transfusion Blood
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a Significant differences between patients and control group at p-value <0.05
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DISCUSSION

The current study investigated the relationship between ERFE, a hormone that secreted from
erythroblast during erythropoiesis, with iron metabolism during erythropoiesis activity in patients with
beta thalassemia . The results of the current study were showed levels of ERFE in patients with
BTM lower than BTI, and it was increased in female more than in male. In addition the patients with
non-splenectomy have highest level of ERFE than splenectomy groups fig.(3). Also Levels of ferritin,
iron and ERFE negatively correlated. The association of ERFE with hematological parameters Hb,
PCV, and RBC indexes (MCV, MHC, and MCHC) was similar to ERFE with ferritin. Thus ERFE a
biomarker significantly associated with of iron metabolism that affected of RBC indexes and
occurrence sever of anemia in patients with beta thalassemia.

All hematological parameters including RBC, Hb, HCT, MCV and MCH except MCHC were found
lower than the controls (table 1), Clinical data approve that the decrease of the hemoglobin level is
attended by a decrease in the number of erythrocytes and reduced values of their specific indexes
(MCV, MCH,HCT). Which are in accordance with the results of ©

Several studies have confirmed that elevated iron accumulation complicates diseases with [-
thalassemia as resultant a major constituent of ineffective erythropoiesis, in which erythroblast count
are greatly expanded, but the erythroblasts undergo intramedullary apoptosis before completing
differentiation ©9.

Sulovska et al., 2016. Indicated to the Erythropoiesis and iron metabolism reciprocate in the
corresponding supply of iron and globin chains synthesis, critical for normal red blood cell production.
Examined of varied erythroid and iron metabolism complaints have shown that disrupted
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erythropoiesis reversely affects iron homeostasis and vice versa ®. The improved erythropoiesis
increases iron utilization at degrees that may become counterproductive, because reduction of spleen
supplies causes excessive iron limitation, neutralizing the benefit the conflicting Hb levels of
(germinal) Tfr2-/--thalassemic mice decline over time, in parallel with iron overload. “%. We recently
showed ERFE was highly increased in major and intermedia B thalassemia (table 2, and fig.1) these
corresponding with discovered of Ganz et. al ., 2017 who referred to In human p-thalassemia, serum
ERFE levels are greatly increased, are rapidly suppressed after erythrocyte transfusions, and
negatively correlate with serum hepcidin concentrations, he suggesting that ERFE contributes to the
pathogenesis of iron overload by a similar mechanism as in the mouse model. Thus, future therapeutic
interventions inhibiting the action of ERFE could be beneficial for preventing iron overload in B-
thalassemia and other anemias with ineffective erythropoiesis. The contribution of ERFE to the
pathogenesis of human B-thalassemia major could even be underestimated by the Hbb ™" mouse, as
this mouse is a model of -thalassemia intermedia. The Hbb ™* model generates much lower serum
concentrations of ERFE than those measured in human B-thalassemia intermedia.

We recently showed ERFE negatively correlated with ferritin, iron Levels, these results (fig.
4, 10, and 11) were agreement with study of ElI Gendy et.al 2018 who indicated to Serum
erythroferrone levels in iron deficiency anemia patients were significantly higher than those in control
group (P <.001). In iron deficiency anemia patients, serum erythroferrone levels correlated negatively
with hemoglobin concentration (r=-.39; P=.01), serum iron (r=-.63; P<.001), transferrin
saturation (r =-.66; P <.001), and serum ferritin (r = -.46; P =.004). he was conclusion The newly
identified erythroferrone hormone may act as physiological hepcidin suppressor in cases with iron
deficiency anemia, and so it may serve as a specific promising target of therapy in such cases. ‘"

On the other hand, some recent researches discovered elevated of ERFE was important role and
harmful effects in cases of inherited anemias with ineffective erythropoiesis such as p- thalassemia *2.
This elevated of ERFE may be resultant erythropiotien hormone this stimulated ERFE synthesis **
that acts to suppress hepcidin in response to increased erythropoietic request, it is a major candidate to
exert a similar role in conditions of dysfunctional erythropoiesis related with iron overload Anemia in
B-thalassemia intermedia and major, resulting from defective B-globin synthesis,** is associated with
decreased hepcidin expression excessive iron absorption, and systemic iron overload. ,**

As recently reported of Kautz et. al., 2015 present the greatly increased erythroblasts in ineffective
erythropoiesis produce large amounts of ERFE, and treatment that lessens ERFE effects would be
expected to reduce inappropriate iron absorption. Erfe in thalassemic mice induces a slight
amelioration of ineffective erythropoiesis but does not improve the anemia®..

Conclusions: High level of ERFE as new biomarker in patients with major and intermedia Beta
thalassemia is associated with mild or severe anemia and iron overload especially in patients with
splenectomy.
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