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ABSTRACT

Hepcidin levels increased significantly with increased of iron stores in early phase of acute leukemia patients
when erithropoisis pressed by blast cells in bone marrow, then decreased significantly with acute leukemia
remission. The study aimed to determine role of hepcidin in activity of erythropoisis and serum iron reserves
in acute lymphoblastic leukemia (ALL) patients during phase of therapy. This study used an observational
analytic design. Serum hepcidin examination used ELISA methods. Erythropoisis activity was determined by
complete blood and reticulocyte percentage. Iron reserves was determined by serum iron and ferritin levels by
ECLIA. Result shows a total of 48 patient subjects were divided into groups of induction, consclidation and
maintenance phase with an average age of 6.8] years (induction), 9.7 years (consolidation) and 7.8 years
(maintenance). In the normality test with Shapiro-Wilk data showed abnormal distribution (p <0.05). Analysis
by the Kruskal-Wallis test showed there were differences between the three treatment phases in the
examination of hemoglobin, reticulocytes, serum iren, ferritin and hepcidin (p <0.05). In statistical analysis with
Spearman's rank correlation shows there is a significant correlation between hemoglobin with ferritin (r = -
0416, p = 0.003), hemoglobin with hepcidin (r = -0.305, p = 0.035), reticulocytes with hepcidin (r = -0.496), p
= 0.000) and serum iren with hepcidin (r = -0.302, p = 0.037). We concluded that the higher levels of hepcidin
indicate lower levels of hemoglobin, reticulocytes and serum iron in patients with acute lymphoblastic leukemia
during treatment phase.
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INTRODUCTION

Hepcidin is a pepfide hormone which has
function as antimicrobial. The liver synthesized it
in response to stimulation of inflammation and
excess iron. The first discovered of hepcidin was
in human serum and urine. Initially it was isolated
from the ultrafilirates of plama and also called as
liver expressed antimicrobial peptides (LEAP-1),
then isolated from human urine and named
hepatic antimicrobial peptide (HAMP). Currently
this hormone named as Hepcidin because it
comes from the liver, and has a bactericidal effect
in vitro [1]. Hepcidin is activated as a negative
regulator of intestinal absorption and release by
macrophages. Hepcidin binds to the feroportin
receptor and causes infernalization and
degradation of feroportin and iron refenfion in
erythrocytes. This condition causes decreased
absorption and mobilization of iron storage from

the liver and macrophages. Hepcidin synthesis
will increase when transferin saturation is high
(when the transfer capacity binds to maximum
serum iron), on the contrary hepcidin synthesis
increases to low transferrin saturation compilation
[2]. The expression of hepcidine is stimulated
when the iron reserves increase is mainly caused
by inflammation, otherwise it is expressed that it
will be inhibited by anemia / hypoxia and
increased urge erythropoisis. Damage regulators
as a role in the pathogenesis of several diseases
including anemia in malignancies. In this
pathological situation, antagonistic signals to the
regulation of hepcidin will occur simultaneously.
At present there is little information about the
expression of hepcidin in acute leukemia [3].

The production of hepcidin is regulated by three
factors namely iron status, inflammatory stimuli
such as inferleukin 6 and unknown erythropoysis
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signals. All of these factors can be found in acute
lymphoblastic leukemia (ALL) [4]. Iron metabolism
and erythropoisis are very closely related, iron
metabolism imbalances show an association with
several malignancies including leukemia [5,6].
Ferritin serum is a relioble marker for storage of
body iron in most body conditions both
physiological and pathological. However, ferritin
is also an acute phase reactant that increases in
inflammatory states [7].

MATERIAL AND METHODS

This study was an observational analytic design
with cross-sectional design. This research was
conducted in the Pediafric Inpatient Room at
Sanglah  Hospital and  Clinical Pathology
Laboratory, Medical Faculty, Udayana University
in  March-August 2019. Inclusion criteria  of
subjects: Age less than 18 years, was diagnosed
with acute lymphoblastic leukemia (ALL) and
underwent chemotherapy. Exclusion criteria:
Patients coma or complications during treatment,
relapse, and the presence of impaired liver
function (increase in SGOT and SGPT 10x the
normal limit). The sample size in this study were
48 patients, which were divided into three groups:
induction, consolidation and maintenance

phases. Serum hepcidin examinafion using the
ELISA double antibody sandwich method Bio
Assay Technology Laboratory®. Complete blood
count and retficulocyte examination using a
hematology analyzer Cell-Dyn Ruby® Abbot
Laboratory. Serum iron and ferritin  were
examined by ECLIA method with Cobas e601.
This study has been received ethical approval by
Ethics Committee of Udayana University, Bali,
Indonesia.

Statistical Analysis

Normality test was performed with Shapiro-Wilk.
Kruskal-Wallis test was conducted to determine
the differences between the three groups of
phases. Spearman'’s rank correlation analysis was
performed to determine the relationship between
the wvariables studied. Statistical analysis using

SPSS version 14.

RESULTS AND DISCUSSION

Results

The total sample of the study was 48 patients
divided info  three  groups:  induction,
consolidation and maintenance phase. The

following below are characteristics of research
subjects.

Table 1: The Characteristics of Subjects based on Research Groups

Characteristics Induction phase Consolidation phase Maintenance phase
Mean of age (year) 6.81 9.7 7.8

Sex (Men/Women) 9/7 12/4 10/6

SGOT (U/) 25.67 = 11,80 24.78 = 13.94 32.51 £ 9.01

SGPT (U/1) 34.31 = 19.97 30.59 = 21.09 33.05 = 9.94
Hemoglobin (g/dl) 10.36 = 1.35 10.27 * 1.97 12.30 + 1.28
Reticulocyte (%) 0.90 + 0.51 2.76 =2.08 276 =1.79

Serum Iron (ug/dl) 79.50 + 25.68 123.18 + 73.61 156.92 + 89.95
Ferritin (ng/ml) 1353.07 + 1189.38 1758.26 =+ 2020.00 749.77 = 917.00
Hepcidin (pg/ml) 7545.17 + 5271.99 1728.86 +4042.83 210.88 + 228.16

The results of this study indicate that hemoglobin
levels during the freatment phase indicate that
higher levels are in the maintenance phase. The
same situation was shown in reficulocyte
examination, there was an increase in reficulocyte

levels during the consolidation and maintenance
phases. Iron in the serum increases during the
treatment phase. On the other hand, the levels of
serum ferritin and hepcidin decrease during the
treatment phase.
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Fig.1: Plot diagram in the treatment group. A. Reticulocyte examination. B. Serum Iron
Examination.

C. Ferritin Examination. D. Hepcidin examination
In the statistical test to determine the differences
between the fireatment phases of each
examination parameter using the Kruskal-Wallis
test showed a significant difference between the
treatment phase groups both in hemoglobin,
reficulocyte, serum iron, ferritin and hepcidin
levels {p <0.05). The statfistical analysis with
spearman's rank correlation showed that there
was a  significant  relationship  between
hemoglobin and ferritin levels (r = -0.416, p =
0.003), hemoglobin with hepcidin (r = -0.305, p
= 0.035), percentage of reticulocytes with
hepcidin levels [r = -0.496, p = 0.000), serum
iron with hepcidin levels (r = -0.302, p = 0.037).

DISCUSSION

The results of research conducted by Cheng et al.
in 2011, stated that hepcidin levels increased
significantly with an increase of iron reserves in
early phase of acute leukemia patients, when the
erythropoisis is suppressed by blasts cells in the
bone marrow, then decreases significantly with
acute remission of leukemia, whereas soluble
transferrin receptor (sTfR) increases. There is an
inverse relationship between serum hepcidin and
erythropoisis markers such as red blood cells,
hemoglobin, reticulocytes and sTIR. A positive
correlation was found between hepcidin and
ferritin, between hepsidin and the sideroblast
ratio, and between hepsidin and interleukin 6 [8].
The results in this study are consistent with
research conducted by Cheng et al 2011, in
which the presence of higher hepcidin levels in
the induction phase compared to the
consolidation and maintenance phases. There is
an inverse relationship between hepcidin levels
with percentages of reficulocytes, hemoglobin and

serum iron. The higher levels of hepcidin indicate
the lower response of bone marrow erythropoisis.
The low response of bone marrow erythoropoisis
could be caused of the destruction of stem cells
and bone marrow stroma, then impact on the
funcfion and number of blood cells [9].

Serum hepcidin has a negative correlation with
hemoglobin levels which is consistent with what
was reported by other studies. In the maintenance
group LLA patients also showed higher levels of
hepcidin compared to the normal group [3]. The
hyperleucocytosis is associated with the lower of
Hb levels. It was stated that lower hemoglobin
levels or severe anemia at the time of diagnosis
might be in accordance with the condition of
further disease. It is possible that patients with
higher Hb levels or mild anemia are detected in
the early stages of the disease more sensitive to
chemotherapy interventions [10].

The inbalances of iron metabolism are associated
with several cancers including leukemia. Lipocalin
2 (LCN2) is an iron transporter and its function is
related to iron metabolism and immune response.
Type 2 Hydroxy Butyrate Dehydrogenase (BDH2)
is a rate limting factor in  mammalian
siderophore biogenesis. Siderophor bond with
LCN2 can move iron between the cytoplasm and
mitochondria.  Higher rates of leukemia
transformation are seen among patients with high
BDH2 expression, and BDH2 mRNA expression
correlates with serum ferritin levels. The function
of BDH2 and LCN2 in leukemia may depend on

intracellular iron concentrations [6].

CONCLUSION

Based on the above results and discussion can be
drawn conclusions as follows: There was a high
serum hepcidin level in the initial phase of
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treatment (induction phase). There was an inverse
relationship between serum hepcidin levels with
hemoglobin, reficulocyte and serum iron levels
during the treatment phase.
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