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Iron deficiency anemia (IDA) has constituted a 
serious public health problem for centuries. It 
develops most commonly due to inadequate 
dietary intake. In the presence of hypochromic 
microcytic anemia, IDA is the first underlying 
cause to be considered. However, some inherited 
conditions with variable clinical characteristics 
may also result in microcytic anemia by causing 
defective iron metabolism. 

Iron-refractory IDA (IRIDA) described about 
a decade ago is one of the inherited iron 
metabolism disorders, and develops due to loss-
of-function mutations in TMPRSS6 gene.1 As a 
result, affected individuals have inappropriately 
elevated hepcidin levels in contrast to classic 
IDA cases, whose serum hepcidin levels 
decrease markedly to promote intestinal iron 

absorption.2,3 Remarkably, despite congenital, 
severe iron deficiency, affected cases display 
normal growth and intellectual development.2

We present here a child who was followed up 
for unexplained microcytic anemia since early 
childhood. Eventually, the case was diagnosed 
as IRIDA by genetic analysis which revealed 
a novel homozygous nonsense TMPRSS6 
mutation.

Case Report

A 6-year-old Syrian male patient born to first-
degree cousin marriage was admitted due to 
microcytic anemia known since one year of age. 
He had history of inadequate response to oral 
iron therapy including the use of ferrous glycine 
sulfate ordered several times before by different 
physicians. Bone marrow aspiration studies 
had not identified the underlying cause, either. 
Although not proven, thalassemia intermedia 
had been thought in the differential diagnosis, 
and the case had been transfused twice. 
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ABSTRACT

Iron-refractory iron deficiency anemia (IRIDA) is an inherited iron metabolism disorder caused by mutations 
in TMPRSS6 gene encoding matriptase-2, which results in increased hepcidin synthesis. The hallmarks of the 
disease are hypochromic microcytic anemia, low transferrin saturation, slightly low or normal ferritin levels in 
contrast to classic iron deficiency anemia (IDA), inadequate response to oral iron, and only a partial response 
to parenteral iron. We report here a 6-year-old Syrian boy with unexplained microcytic anemia since one year 
of age. Genetic analysis of the TMPRSS6 gene revealed a novel homozygous nonsense mutation in exon 3 
(c.234C>G; p.Y78* or p.Tyr78*). In the presence of hypochromic microcytic anemia accompanied by atypical 
iron parameters not in accordance with classic IDA, and inadequate response to iron therapy, IRIDA should be 
remembered in the differential diagnosis.
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Among the family members, the 10-year-old 
brother also had microcytic anemia, and the 
mother had history of IDA during pregnancy.

At the time of admission to our clinic, the patient 
was using 2.5 mg/kg/d iron (III)-hydroxide 
polymaltose complex for two weeks. Laboratory 
data of the patient and his available family 
members at the time of admission are presented 
in Table I. In addition, our case had negative 
tissue transglutaminase IgA and IgG antibodies 
examined for celiac disease accompanied by a 
normal serum IgA level, and his hemoglobin 
(Hb) electrophoresis examination results were 
within normal range, HbA0 level being 96.5%. 

In the presence of microcytic anemia for many 
years which was unresponsive to iron therapy, 
low transferrin saturation accompanied by 
normal serum ferritin level in the absence of an 
infection or an inflammatory condition, IRIDA 
was thought as the possible diagnosis. 

For the purpose of confirming the diagnosis, 
TMPRSS6 gene sequence analysis of all 
coding exons and exon-intron boundaries was 
performed by next generation sequencing 
analysis (Miseq-Illumina Inc.). A novel 
homozygous mutation in exon 3 (c.234C>G; 

according to NM_153609.3) that causes a 
premature stop codon (p.Y78* or p.Tyr78*) was 
identified in the index case and his similarly 
affected sibling. In addition, the 15-year-old 
sister and the parents were found heterozygous 
for the same mutation. To validate the mutation 
in this family, we performed Sanger sequencing 
for the third exon of the TMPRSS6 gene in all 
the members of the family. Results of the Sanger 
sequencing analysis confirmed the variant we 
detected by next generation sequencing analysis 
(Fig. 1).

The identified nonsense mutation was neither 
found in Exome Aggregation Consortium nor 
1000 Genomes databases. Prediction of the 
functional effect of the mutation was done by 
using in silico analysis tool MutationTaster 
( h t t p : / / w w w . m u t a t i o n t a s t e r . o r g / ) . 
MutationTaster prediction was disease-causing.4 
Variant was submitted to ClinVar; submission 
accession number is SCV000864243.1 (https://
www.ncbi. nlm.nih.gov/clinvar).

The patient received intravenous iron therapy. 
Response to treatment is summarized in Table 
II. This case report was written after obtaining 
the parents’ written informed consent.

Table I. Laboratory findings of the patient and his available family members at the time of admission.
Proband 15-year-old sister 10-year-old brother

Hemoglobin (g/L) 7.2 13.7 8.9
Hematocrit (%) 26.2 40.4 29.7
Red blood cells (106 /µL) 5.25 5.35 5.91
MCV (fL) 49.8 75.6 50.2
MCH (pg) 13.8 25.6 15.0
MCHC (g/dl) 27.6 33.8 29.9
RDW (%) 21.5 16.2 21
White blood cells (103 /µL) 5.2 5.9 6.2
Platelets (103 /µL) 422 182 410
TSI (%) 6.7 23.2 6.2
Ferritin (ng/ml) 37 10 51
C-reactive protein Negative Negative Negative

TMPRSS6 mutation c.234C>G (p.Y78*) 
(p.Tyr78*) Homozygous

c.234C>G (p.Y78*) 
(p.Tyr78*) Heterozygous

c.234C>G (p.Y78*) 
(p.Tyr78*) Homozygous

MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin 
concentration; RDW: red cell distribution width; TSI: transferrin saturation index.
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Discussion

In a child with with hypochromic microcytic 
anemia, acquired IDA is the main disorder to be 
considered, whereas for congenital microcytic 
hypochromic anemias, the differential diagnosis 
is dominated by the thalassemia syndromes. 
Rarer forms of congenital microcytic anemias 
characterized by certain defects in iron 
transport, iron uptake, and mitochondrial 
iron utilization should also be included in 
the differential diagnosis. Among these are 

IRIDA, divalent metal transporter 1 (DMT1) 
deficiency, congenital hypotransferrinemia, 
some hereditary forms of sideroblastic 
anemia, and aceruloplasminemia.5 Although 
data regarding the prevalence of these rare 
congenital microcytic anemias are lacking, the 
recent increase in published IRIDA cases and 
affected families suggests that IRIDA may be 
the most common form. 

IRIDA is an autosomal recessive disorder 
caused by mutations in the TMPRSS6 

Fig. 1. Partial genome sequences of the TMPRSS6 gene of (A) the patient (B) the patient’s affected brother (C) the 
father (D) the mother (E) the patient’s unaffected sister.
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gene which encodes matriptase-2, a type II 
transmembrane serine protease.1-3 TMPRSS6 
gene is located on chromosome 22, contains 18 
exons; all of the exons are coding. Matriptase-2 
contains a large extracellular region harbouring 
several structural domains. It is involved 
in downregulation of hepcidin expression, 
the master regulator of iron metabolism in 
hepatocytes.

In a previously untreated individual with 
hypochromic microcytic anemia, clues for an 
IRIDA diagnosis from the initial assessment 
of iron status include two patterns: 1) the 
degree of microcytosis (MCV 45–65 fL range) 
relative to the anemia (Hb 6–8 g/dL range); 
and (2) a markedly low serum iron level and 
low transferrin saturation index (usually 
<5%) in the presence of a slightly low or even 
normal ferritin.2,6 At his first admission to us, 
our case had a moderate degree of anemia 
(Hb level, 7.2 g/dL) accompanied by profound 
microcytosis (MCV level, 49.8 fL), and his 
transferrin saturation level was low (6.7%), 
while his ferritin level was within the normal 
range in the absence of a known infection or 
an inflammatory condition. In the presence of 
these findings, we strongly suspected IRIDA in 
our case. 

Efficient intestinal iron absorption requires an 
acidic duodenal environment and a functioning 

duodenal epithelium. Common reasons for 
poor iron absorption include achlorhydria due 
to chronic proton pump inhibition and damage 
to the duodenum (eg, celiac sprue).7 Our case 
had no history of any drug use, and in his 
laboratory evaluation, antibodies associated 
with celiac disease were found to be negative. 
Inadequate response to oral iron therapy in the 
absence of simultaneous drug use or a disorder 
such as an inflammatory bowel disease further 
supported the diagnosis of IRIDA in our case.

Ideally, the plasma or urinary hepcidin levels 
could be measured to easily distinguish true iron 
deficiency from IRIDA. In IRIDA, normal-to-
elevated hepcidin levels are expected in contrast 
to classic IDA where hepcidin levels decrease to 
promote intestinal iron absorption.2 However, 
although more than a decade has passed 
since the discovery of hepcidin, there is yet no 
hepcidin assay approved by the Food and Drug 
Administration available for clinical use. Once a 
hepcidin assay becomes available, it may serve 
as a useful aid in the diagnosis of IRIDA. Our 
patient’s hepcidin level was not measured due 
to technical equipment restrictions although we 
expect it to be in normal or above the normal 
range.

In a case suspected to have IRIDA with certain 
laboratory and clinical data mentioned above, 
the diagnosis of IRIDA is very likely especially 

Table II. Laboratory findings of the proband before and after intravenous (IV) iron replacement.
Before IV 

iron
One week 

after IV iron 
One month 
after IV iron

Two months 
after IV iron

Three months 
after IV iron

Five months 
after IV iron

Hemoglobin (g/dl) 7.2 8.2 8.5 8.2 8.8 10.0
Hematocrit (%) 26.2 29.2 28.7 27.3 29.2 30.6
Red blood cells (106 /µL) 5.25 5.62 5.36 5.05 5.23 5.78
MCV (fL) 49.8 52.0 53.5 54.1 55.8 53.0
MCH (pg) 13.8 14.5 15.9 16.1 16.9 17.3
MCHC (g/dl) 27.6 27.9 29.7 29.9 30.3 32.6
RDW (%) 21.5 24.3 25.4 22.0 20.2 19.2
TSI (%) 6.7 n.a. 5.2 1.7 3.6 2.5
Ferritin (ng/ml) 37 258 236 218 196 206
MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin 
concentration; RDW: red cell distribution width; TSI: transferrin saturation index; n.a.: not available.
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if the iron deficiency truly appears to have its 
onset in infancy or childhood.2 The only current 
diagnostic test for IRIDA is sequencing of the 
TMPRSS6 gene. In our case, diagnosis of IRIDA 
was confirmed by mutational analysis.

Interestingly, in contrast to the usual form 
of IDA, IRIDA may not be associated with 
neuropsychological impairments as affected 
cases display normal growth and intellectual 
development.2,8 The potential role of TMPRSS6 
in brain iron homeostasis was speculated, and it 
was hypothesized that inappropriately elevated 
hepcidin and normal to high ferritin levels 
compared with poor iron reserves may protect 
the brain in IRIDA.8

As expected in IRIDA cases, our patient 
displayed findings of defective iron utilization 
as evidenced by an elevation of ferritin levels 
after intravenous iron therapy with an only mild 
correction of his anemia. This observation may be 
explained by inappropriately elevated hepcidin 
levels in IRIDA patients. Hepcidin exerts its 
iron regulatory effects by binding to ferroportin 
which is the only known cellular iron exporter. 
It is expressed on the basolateral membrane 
of enterocytes, on the plasma membrane 
of macrophages and in hepatocytes. Since 
hepcidin binding leads to the internalization 
and degradation of ferroportin in lysosomes, 
dietary iron absorption and mobilization of 
iron from macrophage stores are decreased if 
hepcidin levels are elevated.2 Therefore, the 
decrease in ferroportin expression through 
hepcidin not only explains the development of 
iron deficiency, but also unresponsiveness to 
oral iron in IRIDA cases. 

In heterozygous carriers of a TMPRSS6 
mutation, iron deficiency was reported to 
develop under certain clinical conditions 
(such as in pregnancy), an observation 
inconsistent with recessive transmission.9 
Similarly, TMPRSS6-haploinsufficient mice 
were observed to be more susceptible to iron 
deficiency under conditions of iron restriction 
or an increased iron requirement.10,11 Supporting 
these observations, the mother of our case 

had history of iron deficiency anemia during 
pregnancy which may be associated with her 
carrier status.

In few IRIDA cases followed-up until 
adulthood, increase in Hb levels to acceptable 
values was observed.12 This was explained 
by the consequence of the greater availability 
of the limited amount of dietary iron for 
erythropoiesis in adults affected by IRIDA than 
in pediatric cases who need iron also for body 
growth.

Premature termination codons that are 
followed by an intron that is located more than 
50–55 nucleotides downstream are generally 
expected to trigger Nonsense-mediated 
mRNA decay (NMD).13 NMD is a mechanism 
that selectively eliminates mRNAs harboring 
premature termination codons.14 We report here 
a C to G transversion of the fifth base of exon 3 
which causes a premature stop codon (p.Y78*). 
We expect that this mutation in our patient 
leads to no protein being translated at all and 
haploinsufficiency through NMD mechanism. 

Up to now, at least 45 mutations including 
missense, nonsense, frameshifts and splicing 
defects in the TMPRSS6 gene leading to IRIDA 
phenotype have been reported in the literature.2 
To the best of our knowledge, only six nonsense 
mutations have been reported in TMPRSS6 
gene so far: p.Y355*, p.Y393*, p.S561*, p.R599*, 
p.Q405* and p.K752*.15 The variation we 
detected in our patient (c.234C>G; according to 
NM_153609.3), is a nonsense mutation which 
has not been reported before.

De Falco et al.16, stated that patients harboring 
two nonsense mutations present a more severe 
anemia and microcytosis compared with the 
patients carrying either 2 missense mutations 
or 1 missense and 1 nonsense mutation. Our 
patient’s Hb level and mean corpuscular volume 
(MCV) of his erythrocytes at admission were 
7.2 g/dL and 49.8 fL, respectively, while his 10-
year old brother had an Hb of 8.9 g/dL and an 
MCV of 50.2 fL. Anemia of the two siblings may 
have been even more severe during their early 
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childhood, a time period when iron requirement 
for body growth is more marked. 

In conclusion, we report a novel homozygous 
nonsense mutation in TMPRSS6 gene in a 6-year-
old Syrian boy and his sibling with unexplained 
microcytic anemia before. Through the timely 
genetic diagnosis of this disorder with a quite 
favorable prognosis, unnecessary (invasive) 
examinations can be avoided. Our results 
expand the mutation spectrum of the TMPRSS6 
gene contributing new data on genotype-
phenotype correlations in IRIDA. Further 
studies are required to better understand the 
effect of TMPRSS6 gene alterations on the 
phenotype and protein function.
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