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Introduction

Abstract

Background and Purpose: Anemia occurs often in different conditions,
associated with iron metabolism and flowing in a number of diseases. Variations
in serum levels of iron is due to a number of reasons, such as bleeding from
the gastrointestinal tract, inflammation, production of inflammatory cytokines,
deposition of iron in various tissue structures, and etc. Oxidative stress plays
an important role in neuronal injuries caused by cerebral ischemia. We aimed
to quantify serum hepcidin in rheumatoid arthritis patients with ischemic stroke
and B-thalassemia with stroke and evaluate peptide changes in combination of
two diseases.

Methods: For a period of two years 138 patients with ischemic stroke were
enrolled. They were separated into three groups - 49 with ischemic stroke,
caused by vascular reasons (ISVR), 43 patients with rheumatoid arthritis (RA)
and 46 B-thalassemia cases (BTM). Their results were compared to age and
gender matched healthy controls. Established parameters from rheumatoid
arthritis and B-thalassemia cases were compared with RA and BTM patients
without stroke. Statistical analysis of established results was performed using
Pearson’s correlation and Student’s paired t-test.

Results: We found statistically different results from included groups for
serum hepcidin levels. They differ in case if an acute stroke occurs during
rheumatoid arthritis or 3-thalassemia. Serum hepcidin levels statistically differ in
three ischemic stoke groups: ISVR 87.6+9.4 pg/L, RA 19.4£0.9 pg/L and BTM
7.9+1.1 pg/L (P<0.001). In patients with RA and BTM without stroke hepcidin
shows serum concentrations from 35.6+1.4 pg/L and 0.95+0.3 pg/L (P<0.001).
In healthy controls we quantified serum hepcidin as 22.7+5.1 ug/L.

Conclusion: Our study in patients with acute stroke, rheumatoid arthritis
and stroke and P-thalassemia and stroke confirms the ability of verified
immunochemical method for evaluation of iron homeostasis. It provides a basis
for the correct choice of therapeutic approach in anemia treatment. Rheumatoid
arthritis increases serum hepcidin levels in stroke; in patients with B-thalassemia
peptide’s concentration decreases. Dissimilar diseases are accompanied with
iron disorders, thereby masking the state of this trace element in human body.

Keywords: Stroke; Anemia; Rheumatoid arthritis; Hepcidin; Iron deficiency;
Anemia in chronic inflammation; Thalassemia

exporter - ferroportin (by which hepcidin acts on iron homeostasis),
occurs iron retention in macrophages and iron sequestration in the

Anemia in rheumatoid arthritis is a process associated with
chronic inflammatory disease. It occurs as iron deficiency, mostly
due to drug-induced gastrointestinal bleeding and disorders as well
as iron redistribution into inflamed joint structure. Identifying and
finding the right treatment approach for iron deficiency in patients
with anemia of chronic disease is of great clinical importance because
it can prevent unnecessary spelling of therapy with iron preparations.

Proinflammatory stimuli leads to the development of anemia
of chronic disease by directly inhibit erythropoiesis indirectly
reduce iron supplied for the synthesis of heme [1]. This process is
associated with increased levels of regulatory peptide hepcidin due to
inflammation. Elevated hepcidin decreased intestinal iron absorption.
Due to the occurrence of changes in the molecule of the cell iron

reticuloendothelial system [2,3]. Consequently, the total content of
iron in the body is normal, but less is supplied for erythropoiesis.
Opposite is the mechanism for the development of iron deficiency
anemia. When it is observed absolute iron deficiency, hepcidin
secretion is suppressed, leading to stimulation of the absorption of
iron in the intestine.

Hepcidin, an iron metabolism regulatory peptide has been
proposed as a risk factor for atherosclerosis [4], and there is recent
evidence supporting this possibility [5]. Low hepcidin production
combined with increased ferroportin synthesis strongly favors release
of iron from reticuloendothelial storage sites and thus supports a shift
of endogenous iron from storage to new red blood cell hemoglobin.
Oxidative stress plays an important role in neuronal injuries caused
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Table 1: Age distribution of patients in included groups.

Group M:F Age
ISVR 27 (55.1%): 22 (44.9%) 50.4+7.2
RA and Stroke 2 (16.7%): 10 (83.3%) 53.7+ 9.1
RA no Stroke 5 (16.1%): 26 (83.9%) 51.6+6.9
BTM and Stroke 3 (60%): 2 (40%) 42.3+1.2
BTM no Stroke 18 (43.9%): 23 (56.1%) 25154
Control group 26 (51%): 25 (49%) 39.415.7

‘ISVR: Ischemic Stroke Vascular Reason; RA: Rheumatoid Arthritis; BTM:
B-Thalassemia
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Figure 1: Serum hepcidin concentrations (in pg/L) in the different groups of
patients included in this study.

‘ISVR: lIschemic Stroke, Vascular Reason; RA: Rheumatoid Arthritis; BTM:
B-Thalassemia.

by cerebral ischemia. It is known that free iron increases significantly
during ischemia and is responsible for oxidative damage in the
brain. Many mechanisms are involved in ischemia-induced brain
injuries, such as oxidative stress [6], increased intracellular calcium
concentration [7], inflammation [8], and elevated excitatory amino
acids [9]. Increased levels of free iron and ferritin have been observed
in ischemic brain [10]. Elevated hypoxia inducible factor 1 (HIF-1)
expression causes high secretion of hepcidin [11].

Methods

For a period of two years 138 patients with ischemic stroke were
enrolled. They were separated into three groups - 49 with ischemic
stroke, caused by vascular reasons (ISVR), 43 patients with rheumatoid
arthritis (RA) and 46 p-thalassemia cases (BTM). Including criteria
for ischemic stroke were vascular changes, monitored by ultrasound
investigation, and never had history of TIA, stroke and MI. Their
results were compared to age and gender matched healthy controls,
which results were obtained from previous studies, during evaluation
of hepcidin reference ranges in Bulgarian population. Established
parameters from rheumatoid arthritis and B-thalassemia cases were
compared with RA and BTM patients without stroke. RA patients
were diagnosed in Department of Rheumatology at “St. Ivan Rilski”
hospital. Disease activity was determined by Disease Activity Score
calculator for rheumatoid arthritis [DAS 28-CRP]. Patients with
rheumatoid arthritis were with anemia in chronic diseases (ACD).
B-thalassemia patients were monitored in Intensive Cardiology
Dept. at University “Aleksandrovska” hospital. All acute stroke cases,
including RA patients were diagnosed in Neurology Dept. at the same
hospital.

Table 2: Established parameters from CBC and laboratory assessment of
included groups (presented as meant SD).

ISVR BTM RA Control
Parameter group
mean  SD | mean @ SD 'mean SD | mean | SD
CRP mg/L 541 1.1 4.78 09 | 225 | 22 1.62° 0.9
Hb g/L 119.4° 19.8 | 100.4° | 14.8  124.1"  15.1 142.6° 18.8
RBC "10*?/L 4.19 1.6 3.74 15 | 445 2.1 | 498 1.5
CHr pg 247 | 1.7 22.9 1.6 | 297 21 | 323 2.8
Creatiine | 716 29 575 25 649 31 731 39
umol/L

Iron ymol/L 456" | 2.5 55.8" 3.1 126" 15 | 18717 1.8
TIBC pmol/L 69.9° 28 | 97.75 | 4.1 632 2.4 64.5 2.9

Fe/TIBC 0.65 - 0.57 - 0.199 - 0.29 -
sol. TRF mg/L 278 | 0.8 3.19 1.2 | 1.26° 04 2.97 0.4
Ferritin ng/mL | 1945 21.7  901.22"  35.6 1545 34 @ 89.2 4.7

Glucose mmol/L | 4.91 | 0.7 4.9 14 | 479 12 481 1.0

TRSF g/L 258 | 0.3 2.18 04 264 04 | 296 | 05

ASAT U/L 297 | 11 213 11 249 12 216 | 12

ALAT U/L 26,5 | 0.9 18.1 1.3 218 18 192 1.9

IL-6 pg/mL n.a. n.a. 3.6 0.4 1.4 0.2

"CRP: C-Reactive Protein; CBC: Complete Blood Count; Hb: Hemoglobin; RBC:
Red Blood Cells; CHr: Concentration of Hemoglobin in Reticulocytes; TIBC: Total
Iron Bonding Capacity; TRF: Soluble Transferrin Receptors; TRSF: Transferrin;
ASAT: Aspartate Amino-Transferase; ALAT: Alanine Amino-Transferase; IL-6:
Interleukin-6; statistical significance P<0.05.

We quantify serum hepcidin levels using verified ELISA method
[12] from previous studies. Atomic Absorption Spectrometry (AAS)
was used for quantification of serum iron and total iron binding
capacity (TIBC). Serum ferritin levels were quantified by CLIA
method (Immulyte 2000, by Siemens Healthcare). Soluble transferrin
receptors and CRP were measured by nephelometric method
(Siemens Healthcare). CBC, including hemoglobin concentration
in reticulocytes (CHr) was quantified on ADVIA 2120 (provided
by Siemens Healthcare). All chemical laboratory parameters were
specified on Dimension RxL MAX (Siemens Healthcare Diagnostics).

Unpaired t-test and Pearson’s correlation were used for statistical
analysis.

Enrolled patients signed written informed consent according to
the Declaration of Helsinki (Directive 2001/20 / EC).

Results

Age distribution of patients in the different included groups is
shown in Table 1.

Established parameters from CBC and laboratory assessment are
presented in Table 2.

RA patients showed elevated CRP levels 22.5 mg/L compared to
healthy controls 1.62 mg/L (P<0.001). The two other groups (ISVR
and BTM) showed lower CRP concentrations compared to RA cases
(P<0.001). Lowest hemoglobin levels were found in BTM patients
(100.4 g/L). The difference between this group and two other, and
to healthy controls shoes significance of P<0.005. Based on frequent
blood transfusions, serum iron, TIBC and ferritin levels were higher
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in BTM patients - 55.8 pmol/L, 97.75 umol/L and 901.22 ng/mL, with
significance between other cases and controls of P<0.001. Soluble
transferrin receptors were found to be the lowest in RA patients (1.26
mg/L), with significance of P<0.005. In RA patients we measured
IL-6 by ELISA method and found elevated serum concentrations
compared to healthy controls - 3.6 pg/mL to 1.4 pg/mL (P<0.001).

We found statistically different results in included groups for
serum hepcidin levels. They differ in case if an acute stroke occurs
during rheumatoid arthritis and in [-thalassemia. The results
obtained from the serum hepcidin quantification are presented in
Figure 1.

Serum hepcidin levels statistically differ in three ischemic stoke
groups: ISVR 87.6+9.4 ug/L, RA 19.4+0.9 ug/L and BTM 7.9+1.1 pg/L
(P<0.001). In patients with RA and BTM without stroke hepcidin
shows serum concentrations from 35.6+1.4 pg/L and 0.95+0.3 ug/L
(P<0.001). In healthy controls we quantified serum hepcidin as
22.7+5.1 pg/L.

In case of acute stroke in RA patients serum hepcidin decreases,
reaching reference ranges levels - from 35.6 pg/L to 19.4 ug/L
(P<0.01). In the opposites, in BTM patients we found that hepcidin
concentration increases in presence of acute stroke - from 0.95 ug/L
to 7.9 pg/L (P<0.005).

We found a significant correlation between serum iron levels
and hepcidin concentration in included groups: patients with ISVR
(r=0.620, P<0.001), RA patients (r=-0.757, P<0.005), BTM cases (r=-
0.865, P<0.001), and in control group (r=0.423, P<0.001). CRP levels
correlated to hepcidin concentration in ISVR (r=0.689, P<0.005),
RA (r=0.874, P<0.005), BTM (r=0.589, P<0.01), and healthy controls
(r=0.387, P<0.01). IL-6 correlation to hepcidin in serum in RA
patients shows significance of r=0.765, P<0.001. Ferritin levels
correlated to quantified serum hepcidin in ISVR (r=0.578, P<0.005),
RA (r=0.618, P<0.005), BTM (r=0.899, P<0.001), and control group
(r=0.571, P<0.01).

Discussion

Patients with inflammatory and reduced hepcidin are expected to
have an iron deficiency. In contrast, those with high level of hepcidin
are diagnosed with ACD.

Using serum hepcidin levels would help in assessing the need for
the application of preparations containing iron. The results suggest
that patients with IDA may be subjected to treatment with such
drugs, while patients with ACD do not need them.

Rheumatoid arthritis is a multifactorial condition that is associated
with ACD [13]. It may also include iron deficiency due to bleeding in
the gastrointestinal tract caused by applied therapy; distribution in
synovial tissue. Establishment of iron deficiency in populations with
ACD is clinically relevant because: 1) iron-deficiency anemia (IDA) is
treatable, 2) diagnosis can precede further investigation of the cause
of anemia, and 3) can prevent unnecessary supplementation with
iron. Data from our study indicated a significant increase in serum
hepcidin in RA and ACD compared with the control group.

On the other hand cases of acute stroke in thalassemia patients
might seriously mask the anemia picture and clinicians might make
an incorrect therapeutic choice [14].

Established changes of serum hepcidin in cases of acute stroke
might lead to different evaluation of anemia in rheumatoid arthritis
patients. Lower hepcidin levels in one patient with rheumatoid
arthritis and thalassemia is probably due to the main hereditary
disease. There was no acute stroke evidence in this case.

Future of hepcidin is related to the possibility hepcidin antagonists
and agonists can be used as a therapeutic agent in the treatment of
anemia in inflammation and iron-deficiency anemia. Reducing of
hepcidin levels or counteracting the biological effects of hepcidin
may lead to a reduction in inflammation on erythropoiesis by
mobilization of stored iron and increases intestinal absorption of the
element. These new therapeutic approaches could reduce or eliminate
all toxic effects of treatment with parenteral iron and Co-reduction
needs erythropoietin stimulating agents (ESAs). In these cases, serum
hepcidin is suitable therapeutic target in the management of therapy
in CKD.

On the other hand the burden of iron overload in thalassemia-8
were unaffected by treatment with chelators, which can have severe
side effects. There are a few studies about micro-hepcidin as an
alternative of chelation therapy, especially in patients without
transfusion therapy [15]. Treatment with hepcidin may have a
beneficial effect and ineffective erythropoiesis.

Conclusion

Determination of serum hepcidin is still a novelty in Bulgarian
medical practice. The introduction of a reliable routine method for the
study of hepcidin in biological fluids is a step forward in the treatment
of diseases with impaired iron homeostasis. Our study in patients
with rheumatoid arthritis and different anemia plus additional
acute stroke cases confirms the ability of verified immunochemical
method to differentiate the increase and decrease in serum hepcidin
in patients with RA. It provides a basis for choosing the correct
therapeutic approach in the treatment of anemia.

Our results indicate that serum hepcidin plays an important role
for iron overload in cerebral ischemia.
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