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Anemia of Inflammation (Al) Elevated Serum Hepcidin Level
and Therapeutic Intravenous Administration of lron

Kenji Shinohara®®

Abstract

An 8l-year-old female complained of anorexia and pufty face.
Complete blood cell counts (CBC) demonstrated normocytic nor-
mochromic anemia. Serum iron and total iron binding capacity
(TIBC) were decreased, and ferritin was increased. CRP and acute
phase proteins were elevated. Serum levels of interleukin (IL)-6
and hepcidin-25 were elevated. The patient was diagnosed as hav-
ing anemia of inflammation (Al), although the cause was unknown.
The oral administration of iron was ineffective, whereas intrave-
nous administration was effective for the amelioration of anemia.
The levels of ferritin and hepcidin increased, whereas those of CRP
and IL-6 decreased without specific treatment.
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Introduction

Anemia of chronic disease (ACD) is frequently seen in el-
derly patients with infections, inflammation, malignancies
autoimmune disorders, and chronic renal and heart failure
[1,2], and anemia especially associated with inflammation is
also termed as anemia of inflammation (AI). ACD/Al is typi-
cally characterized by a normocytic normochromic anemia,
low serum iron, low transferrrin saturation, high ferritin, and
blunted response to erythropoietin (EPO) [1, 2].

Hepcidin expression in the liver is induced by both iron
overload and inflammatory stimuli [3-6]. Inflammatory cyto-
kines such as interleukin (IL-6) released during infections or
inflammatory diseases induce excess synthesis of hepcidin
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[3-6]. Hepcidin controls transmembrane ferroportin activ-
ity of intestinal epithelial cells, inhibits iron export from the
intestinal epithelium and from iron-recycling macrophages
into blood plasma, and inhibits iron absorption from the in-
testine [3-6]. It restricts the availability of iron to microbes
and increases the resistance to infections. Thus, hepcidin is
the principal iron-regulatory hormone and is the key media-
tor of ACD/AI [3-6].

It was difficult to diagnose ACD/AI until recently, since
the assay of hepcidin was not easy, but now mass spectrome-
try and enzyme-linked immunosorbent assay (ELISA) meth-
ods are available [1, 2].

We report a case of Al, and the pathogenetic role of
inflammatory reactions including elevated serum levels of
acute phase proteins, IL-6 and hepcidin, and therapeutic ef-
ficacy of intravenous administration of iron for amelioration
of anemia.

Case Report

An 8l-year-old female complained of anorexia and pufty
face. The heart rate was 112/min, with regular rhythm and
no murmur. Liver and spleen were not palpable and ascites
was not observed. Legs edema was not observed. Fever was
not observed. Laboratory findings on admission one month
later when anemia aggravated are shown in Table 1. Com-
plete blood cell counts (CBC) demonstrated normocytic
normochromic anemia. Dohle bodies were observed in the
cytoplasm of neutrophils. Serum iron and total iron binding
capacity (TIBC) were decreased, and ferritin was increased.
Bone marrow aspiration smear from iliac bone demonstrated
slightly hypocellular marrow, but abnormal cells or dysplas-
tic cells were not observed. Chromosomal analysis of the
bone marrow cells demonstrated 46,XX. Acute phase pro-
teins including CRP, electrophoretic protein fractions, and
CH50 were elevated. Rheumatoid factor (RF) was positive,
however anti-cyclic citrullinated peptide antibody (anti-CCP
Ab) was negative. Clinical symptoms of theumatoid arthritis
(RA) were not observed.

Serum level of interleukin-6 (IL-6) was elevated, and
erythropoietin (Epo) was normal.
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Table 1. Laboratory Data at and Around Admission

RBC: 3.07 x 10'%/L

Hb: 8.5 g/dL
Ht: 27.9%

Ret: 1.8%
MCV: 91 fl
MCH: 28 pg
MCHC: 31%
Plt: 312 x 10°/L

WBC: 6.2 x 10°/L

Fe: 16 pg/dL
TIBC: 201 pg/dL
UIBC: 177 pg/dL

Ferritin: 496 ng/mL

Vitamin: B , 358 pg/mL

Folic Acid: 7.6 ng/mL

CRP: 8.7 mg/dL

SIL-2R: 619 U/mL (124 - 466)

IL-6: 26.4 pg/mL (< 4.0)

Total Protein: 6.3 g/dL

Alb: 2.7 g/dL

Glb: 3.6 g/dL

Total Bilirubin: 0.6 mg/dL
AST: 12 TU/L

ALT: 6 IU/L

ALP: 277 IU/L

vy-GTP: 125 TU/L

LDH: 113 TU/L

Uric Acid: 3.4 mg/dL
Creatinine: 0.7 mg/dL

BUN :7.7 mg/dL

Total Cholesterol: 144 mg/dL

Triglyceride: 101 mg/dL

Blood Sugar: 113 mg/dL

Alb: 48.2%
al-gl: 5.0%
a2-gl: 13.0%
B-gl: 11.4%

v-g: 22.4%

ANF: <40

anti-DNA Ab: < 80
CH50: 56.4/mL
RF: (+)

anti-CCP Ab: < 0.4 U/mL

Coombs direct: (-)

indirect : (-)

fT3: 1.7 pg/mL
fT4: 1.5 ng/dL

TSH: 2.0 pIU/mL

CA-125: 8.8 U/mL (< 35.0)

1gG: 1,499 mg/dL

IgA: 190 mg/dL

IgM: 111 mg/dL

EPO: 32.7 mU/mL (9.1 - 32.8)

Hepcidin-25: 80.8 ng/mL (7.8 + 7.0)

M-protein: (-)

() normal values.

The predominant form of hepcidin in human contained
25 amino acids (hepcidin-25). Serum level of hepcidin-25
was measured by liquid chromatography and mass spec-
trometry using 4000QTRAP LC-MS/MS assay system (Ap-
plied Biosystems, Foster City, CA, USA) by Medical Care
Proteomics Biotechnology Co., Ltd. (Ishikawa, Japan), was
elevated.

Al of unknown cause was diagnosed. The clinical course
is shown in Figure 1. Administration of iron orally, ferrous
citrate sodium, 100 mg/day, for one month, was ineffective
for improving the hemoglobin concentration. The levels of
CRP gradually dropped, however, the values of Hb were un-

changed during next two months. Subsequently, intravenous
administration of iron was performed, saccharated ferric ox-
ide, 80 mg/day once a week for 3 months, total amount of 960
mg according to the Wintrobe’s formula for iron deficiency
anemia (IDA), and it was effective for the amelioration of
anemia. The increased levels of Hb were maintained for the
last 4 months. Serum iron and ferritin were not increased
during oral administration of iron, but they were increased
during intravenous administration (57 pg/dL and 779 ng/mL,
respectively), and that of hepcidin increased after intrave-
nous administration of iron and amelioration of anemia.

The levels of CRP and IL-6 decreased without specific
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Figure 1. Clinical course.

treatment.

Discussion

In the present patient, the inflammatory process as evidenced
by the increased of acute phase proteins including IL-6 may
be present. However, the cause of inflammation was not
clear. In the present patient, RA was not considered, since
although RF was positive, however RA specific anti-CCP Ab
was negative, and clinical symptom of RA was not observed.
Infections, cancer and autoimmune disorders, and Castleman
disease were also not considered in the present patient.

Al in noninflammatory or mildly inflammatory states
may be present in the elderly; anemia of heart failure, and
anemia of chronic kidney disease (CKD) [1, 2]. In the pa-
tients with heart failure, 57% of them had Al, and had higher
levels of inflammatory markers including IL-6 and tumor
necrosis factor (TNF)-a, and blunted Epo production and
defective iron supply for hematopiesis [7]. The pathogenesis
of anemia in CKD is predominantly driven by impaired Epo
production. In addition, the serum levels of hepcidin, fer-
ritin and IL-6 were elevated, and low grade inflammation
decreased the avalability of iron for hematopoiesis [8].

In patients with RA, the roles of IL-6 and hepcidin were
considered for the pathogenesis of ACD/AI [9].

Differentiation of true iron deficiency anemia (IDA) in
Al is important [10]. The ratio of serum transferrin recep-
tor (sTfR) to ferritin (R/F ratio) has been shown to estimate
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body iron stores, but it cannot be used widely for the lack of
standardization of sTfR assays [10]. Serum hepcidin levels
were significantly higher in patients with inflammation alone
than those with either IDA alone or combined IDA and in-
flammation [10]. In the present patient, true IDA may not be
complicated but functional iron deficiency might be present
since red blood cells were normocytic and normochromic,
TIBC was decreased, ferritin was increased, whereas un-
saturated iron binding capacity (UIBC) was normal, and the
level of hepcidin at admission was extremely high.

The serum ferritin levels are increased in both iron over-
load and inflammation [10]. Bone marrow aspiration smear
stained with Prussian blue is considered the most reliable
method to determine bone marrow iron stores, however this
was not performed in the present patient. In the present pa-
tient, it is reasonable to consider that the increased serum
hepcidin by inflammation may inhibit iron absorption from
the intestine and also inhibit the release of iron from macro-
phages, resulting in decrease of serum iron and increase in
the ferritin levels.

From the standpoint of therapy in ACD/AI, basic man-
agement of the causative disease process will usually im-
prove anemia [1, 2].

In the present patient, the levels of CRP and IL-6 de-
creased during clinical course without specific treatment.
Amelioration of inflammation might also contribute to the
amelioration of anemia.

In the present patient, oral iron administration for one
month was ineffective for amelioration of anemia. After in-
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flammation disappeared, the lowering of hepcidin-25 level
and the improved utilization of stored iron might be expect-
ed. This remained unanswered in the present patient, since
the level of hepcidin-25 was not measured, and Hb concen-
trations during these months after oral iron administration,
were not increased.

There are several reports that supplemental iron given
intravenously can safely ameliorate anemia of functional
iron deficiency in ACD/AI [2, 11]. The favorable effects
were observed mostly in the patients with anemia of dialy-
sis, cancer and cancer chemotherapy, and amelioration of
anemia in chronically ill patients improved quality of life
and survival [12, 13]. There are several intravenous (IV) iron
preparations, and after injections, they are mostly phagocy-
tosed in the reticuloendothelial system [12, 13]. In the di-
alysis patients’ response to IV iron with elevated ferritin
(DRIVE) trial, it was effective in the patients who had serum
ferritin above 500 ng/mL, and as high as 1,200 ng/mL, with
concurrent transferrin saturation below 25%, and CRP levels
above the normal range [12]. The study concluded that IV
iron is effective in overcoming inflammation-mediated re-
ticuloendothelial blockade of iron [12]. Although the degree
of anemia was moderate in the present patient, intravenous
administration of iron was performed for further increase
of Hb concentration and quality of life. IV iron quickly in-
creased Hb level during administration, it was maintained
for the last 4 months after administration, and the patient
felt well-being. Oral iron administration did not increase the
serum levels of iron, whereas IV iron increased the levels of
serum iron and the levels of ferritin were further increased.
These results indicated that intravenous administration of
iron was primarily effective for the amelioration of anemia
in the present patient, and suggested that intravenously ad-
ministrated iron might be partly mobilized into the serum
and utilized for hemoglobin synthesis.

Acute adverse events of anaphylactoid reactions were
not observed in the present patient; however, excess iron in-
travenous administration must be avoided because of the del-
eterious effects. In the present patient, the intravenous admin-
istration of iron was performed according to the Wintrobe’s
formula for IDA, and the total dose of intravenously admin-
istrated iron was within the calculated dose, and the admin-
istration was stopped shortly after anemia was ameliorated.
The level of hepcidin increased after intravenous adminis-
tration of iron and amelioration of anemia, and this may be
due to the increased body iron by intravenous administration
of iron. It is unknown whether the efficacy of intravenous
administration of iron is temporary, and maintenance IV iron
therapy is necessary. The long-term observation of the effi-
cacy and safety of intravenous administration of iron such as
iron overload and organ damage, should be performed.

Alternative therapies that target hepcidin-ferroportin
axis (direct hepcidin antagonists, hepcidin production inhib-
itors, ferroportin antagonists/stabilizers), have been devel-
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oped as the new treatment strategies for ACD/AI [14].

Considering the role of pro-inflammatory cytokine 1L-6
in the pathogenesis of Al, IL-6 represents an important tar-
get in Al [9, 15]. Treatment with anti-IL-6 receptor antibody
(tocilizumab) reduced serum hepcidin levels and improved
Al in Castleman disease [15]. These treatments should be
considered in the near future.

The number of such patients as the present case should
not be underestimated, since such patients may increase after
the understanding of the pathophysiology of ACD/ALI in the
era of aging society. The assay of serum hepcidin activity
should be performed frequently to diagnose ACD/ALI
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