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Abstract
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Background: In ineffective erythropoiesis, hepcidin synthesis is suppressed by erythroid regulators, namely eryth-
roferrone and growth differentiation factor-15. For the first time, the hypothesis that iron overload in megaloblastic
anemia may be related to ineffective erythropoiesis is explored by describing the kinetics of hepcidin, erythroferrone,
and growth differentiation factor-15 levels in a patient diagnosed with megaloblastic anemia associated with iron

Case presentation: An 81-year-old Caucasian male was admitted for fatigue. He had type-2 diabetes previously
treated with metformin, ischemic cardiac insufficiency, and stage-3 chronic kidney disease. Vitiligo was observed on
both hands. Biological tests revealed normocytic non-regenerative anemia associated with hemolysis, thrombocy-
topenia, and elevated sideremia, ferritin, and transferrin saturation levels. Megaloblastic anemia was confirmed with
undetectable blood vitamin B12 and typical cytological findings like hyper-segmented neutrophils in blood and
megaloblasts in bone marrow. The patient received vitamin B12 supplementation. At 3 months, biological parameters
reached normal values. Hepcidin kinetics from diagnosis to 3 months inversely correlated with those of erythroferrone

Conclusions: This case suggests that iron-overload mechanisms of dyserythropoietic anemias may apply to megalo-
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Background

Iron overload related to hemolysis and ineffective eryth-
ropoiesis is a feature of megaloblastic anemia. The lat-
ter mechanism is yet to be explored [1, 2]. In ineffective
erythropoiesis, hepcidin synthesis is suppressed by
erythroid regulators, namely erythroferrone (ERFE) [3]
and growth differentiation factor-15 (GDF15) [4]. Hep-
cidin is essential for iron homeostasis, as it induces the
endocytosis of ferroportin, lowering iron absorption
and circulating iron levels through iron sequestration by
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hepatocytes, macrophages, and duodenal enterocytes [5].
Herein, we describe the kinetics of hepcidin, ERFE, and
GDF15 levels in a patient diagnosed with megaloblastic
anemia associated with iron overload. We hypothesized
that ineffective erythropoiesis was associated with high
levels of ERFE and GDF15 at the time of diagnosis, possi-
bly associated with suppressed hepcidin, thus explaining
the iron overload.

Case presentation

An 81-year-old Caucasian male was referred to emer-
gency department for fatigue associated with profound
anemia. He had type-2 diabetes previously treated with
metformin, ischemic cardiac insufficiency, and stage-3
chronic kidney disease (CKD, CKD-Epidemiology
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Collaboration [CKD-EPI] estimated glomerular filtra-
tion rate: 32 mL/minute/1.73 m?). There were no clini-
cal signs of infectious or tumoral disease. Vitiligo was
observed on both hands. First biological tests revealed
normocytic non-regenerative anemia associated with
hemolysis, thrombocytopenia, and elevated sideremia,
ferritin, and transferrin saturation (TSAT) levels. Vita-
min B12 was undetectable, whereas vitamin B9 and
C-reactive protein levels were normal (Table 1). He
received one pack of red blood cells (RBC), then was
admitted to internal medicine department. A periph-
eral blood smear showed hypersegmented neutrophils,
and a bone-marrow smear showed hypercellularity and
clear signs of dyserythropoiesis and blocked matura-
tion of erythroid cells (Fig. 1a, b). Stomach endoscopy
and biopsies showed chronic gastritis and fundic atro-
phy. Though metformin may have participated in this
condition [1], a diagnosis of megaloblastic anemia
caused by pernicious anemia was preferred considering
the profound anemia and vitiligo, even if blood anti-
parietal cells or anti-intrinsic-factor antibodies were
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not detected. After two other packs of RBC and five
daily intramuscular vitamin B12 injections, he was dis-
charged and continued oral vitamin B12 supplementa-
tion. Three-month (M3) biological control revealed that
platelet count and hemoglobin, sideremia, and TSAT
levels normalized (Table 1). Ferritin returned to normal
values at 7 months (361 pg/L).

We tested our hypothesis by analyzing the sam-
ples at the time of diagnosis and at M3 after receiv-
ing informed consent of the patient. Serum hepcidin,
ERFE, and GDF15 levels were assessed by ELISA (hep-
cidin-25: S-1337, Peninsula; ERFE: ERF-001, Intrinsic
LifeSciences; GDF15: DGD150, R&D Systems). Serum
erythropoietin (EPO) was measured by chemilumines-
cence (UniCel DxL, Beckman Coulter).

ERFE and GDF15 levels were higher than those of
age-matched healthy controls (HC) at diagnosis, drop-
ping to HC levels at M3, supporting our hypothesis.
The level of hepcidin was lower at the time of diagnosis
than M3 but remained within reference levels, and its
kinetics from diagnosis to M3 inversely correlated with
those of EPO, ERFE, and GDF15 (Table 1).

Table 1 Peripheral blood characteristics at diagnosis and 3 months after vitamin B12 supplementation

Biological parameters Unit At diagnosis 3 months later Laboratory
reference
range

Hemoglobin g/L 57 129 129-170

Mean corpuscular volume fL 99 90 80-100

Reticulocytes 10%/L 16 94 NA

Absolute neutrophil count 10%/L 22 54 15-75

Platelets 10%/L 89 240 150-400

Creatinine pmol/L 171 200 59-104

Estimated glomerular filtration rate (CKD-EPI  mL/minute/1.73 m? 32 26 NA

formula)

Total bilirubin pmol/L 31 9 2-24

Indirect bilirubin pmol/L 20 5 2-17

Haptoglobin g/L 04 1.8 0.5-2.0

Lactate dehydrogenase u/L 910 164 135-225

Sideremia pmol/L 36 13 5.8-345

Ferritin pg/L 537 437 30-400

Transferrin a/L 1.60 2.10 20-36

Transferrin saturation coefficient % 88 25 25-40

Reactive C protein mag/L 1.2 0.9 0.3-5.0

Vitamin B9 nmol/L 21 - 8.8-60.8

Vitamin B12 pmol/L <1 743 145-569

Erythropoietin mUl/mL 439 8.6 26-185

GDF15 pg/mL > 8000 2,240 1080-3700*

Erythroferrone ng/mL 14.44 0.53 0.01-1.92*

Hepcidin® nmol/L 106 287 4-30

CKD-EP!I indicates chronic Kidney Disease Epidemiology Collaboration. *Reference range was defined with healthy controls matched for age. To convert hepcidin

from nmol/L to ng/mL, multiply by 2.76
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At diagnosis: low vitamin B12

ineffective erythropoiesis

At 3 months: normalized vitamin B12
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Fig. 1 Proposed integrative interpretation of the results obtained from this case report. a May-Grinwald Giemsa staining of a bone-marrow
smear showing hypercellularity (left) and intense basophilic megaloblasts (right, arrows). b Peripheral blood smear revealing increased neutrophil
cell volume with a hypersegmented nucleus. ¢ Hypothetical mechanism of the pathogenesis of iron overload in megaloblastic anemia. Relative

changes in the size of the protein names represent their down- or upregulation. ERFE erythroferrone, GDF15 growth differentiation factor-15

Discussion and conclusions

Given the high level of TSAT, the level of hepcidin at
diagnosis was inappropriately low, suggesting suppres-
sion by an erythroid regulator. The influence of CKD
[6, 7] and metformin [8] may explain why the hepcidin
levels were comparable to those of HC, but its range is
consistent with that found in CKD patients [7]. A meta-
bolic syndrome may also explain high ferritin levels.
But these potential biases were internally controlled by
comparing two time points before and after vitamin B12

and hemoglobin normalization, when comorbidities and
treatments were comparable. ERFE and GDF15 levels
were higher than in HC from our institution and previ-
ous studies [9, 10]. ERFE levels at diagnosis were compa-
rable to those of patients with pyruvate-kinase deficiency
but lower than those with B-thalassemia [9]. The inverse
correlation of EPO and ERFE kinetics is consistent with
that observed in EPO-treated healthy humans [3] and
CKD mouse [6] models. The GDF15 level at diagnosis
was comparable to that of congenital dyserythropoietic
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anemia type-1 [11]. Despite the undetectable vitamin
B12 levels and typical cytological abnormalities that
define megaloblastic anemia, the mean corpuscular vol-
ume (MCV) was unexpectedly not macrocytic [1]. The
patient had no history of iron deficiency, inflammation,
or red-blood-cell transfusion. GDF15 was recently shown
to stimulate erythroid precursor growth in mice [12].
Cell-cycle acceleration in erythroid precursors may have
hidden macrocytosis, but whether high levels of GDF15
may have affected the MCV remains to be demonstrated.
Intramedullary hemolysis, suggested by bilirubin, lactate
dehydrogenase, and haptoglobin levels, can also explain
iron overload [2]. However, hemolysis alone cannot
explain the higher ERFE and GDF15 levels. In sickle-cell
diseases (SCD), in which hemolysis is dominant com-
pared with dyserythropoiesis, the ERFE and GDF15 lev-
els and their correlation with hepcidin levels were not
comparable to those observed in p-thalassemia [13].
Additionally, the hepcidin level was inappropriately low
relative to that at M3 when TSAT was normal, reinforc-
ing the hypothesis that an erythroid regulator suppressed
hepcidin synthesis.

ERFE suppresses hepcidin synthesis by sequestering
bone morphogenetic protein (BMP) receptor ligands [5].
Its synthesis starts upon EPO stimulation through the
JAK2-STATS5 pathway in erythroblasts [14]. ERFE levels
are elevated in human congenital or acquired dyseryth-
ropoietic diseases associated with iron overload [3, 15].
GDF15 was shown to suppress hepcidin synthesis in the
context of B-thalassemia [4] and congenital dyserythro-
poietic anemia [11]. GDF15 is produced by erythroblasts,
but its mechanisms of synthesis and hepcidin suppres-
sion are not fully understood [4, 10].

In conclusion, we found the kinetics of hepcidin,
ERFE, and GDF15 to be comparable to those described
in iron overload associated with ineffective erythropoie-
sis (Fig. 1c). This case broadens the spectrum of iron-
overload mechanisms in dyserythropoietic anemias to
vitamin B12 deficiency, in which hepcidin levels inversely
correlate with those of erythroid regulators, suggesting
suppression by ERFE and GDF15.
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