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I N TRODUC TION

Hereditary spherocytosis (HS) is the most common inherited 
red blood cell (RBC) disorder leading to chronic haemolysis 
in Northern Europe. It is caused by variants in genes encod-
ing key proteins of the RBC membrane cytoskeleton: ankyrin 
(ANK1), band 3 (SLC4A1), β-spectrin (SPTB), α-spectrin 
(SPTA1) and protein 4.2 (EPB42). Clinical manifestations 
ranged from compensated to severe chronic haemolysis with 
complications including anaemia and gallstones.

Iron overload (IOL) is common in hereditary stomato-
cytosis, another RBC membrane disorder, but is poorly 
documented in HS. Some HS patients develop IOL without 
transfusions, and the cause remains unclear.

The link between HS and genetic IOL has been demon-
strated since the 1950s, primarily in HS patients with hered-
itary haemochromatosis (HH). While initial reports focused 
on homozygous haemochromatosis,1,2 recent cases suggest 
that heterozygous forms can also result in IOL in the absence 
of any chronic transfusions.3,4 However, some recent reports 
failed to find HFE C282Y as a cause of IOL in HS patients.5 

This study aims to investigate genetic factors that may con-
tribute to IOL in HS patients.

PATIE N TS A N D M ETHODS

From a cohort of 140 patients diagnosed with HS at 
Montpellier University Hospital (France) between 1996 and 
2022, we selected patients with chronic hyperferritinae-
mia (ferritin levels >200 μg/L in females and >300 μg/L in 
males) confirmed on several occasions (at least 3 months 
after the initial measurement). Demographic, clinical, 
biological, genetic and therapeutic follow-up data were 
collected (Tables  1 and 2). The cohort was registered as 
collection DC-2008-417, at the Centre for Biological 
Resources (CRB) of CHU Montpellier, France, and all 
patients who underwent genetic testing gave written in-
formed consent.

Next-generation sequencing (NGS) was performed on 
an Illumina MiSeq® instrument. The panel included 46 
genes associated with hereditary haemolytic anaemias, RBC 
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enzymopathies and rare IOL conditions (Table S1). Genetic 
variants were classified according to the ACMG rules.

R E SU LTS

Chronic hyperferritinaemia was absent in the 99 individu-
als under 18 years of age, whereas it was found in 22 of the 
44 adults. Only two of these exhibited secondary hyperferri-
tinaemia (one patient with congestive hepatopathy, the other 
with multiple transfusions). Of the remaining 20 patients, 
we focused on the 13 who benefited from genetic analysis 
for diagnosis purposes (Table S1). They had a variable num-
ber of haemolytic crises. Only one patient had undergone 
splenectomy while five had received episodic transfusions. 
Anaemia was present in only two patients, but all had el-
evated reticulocyte counts. Most had spherocytes on blood 
films. The diagnosis of HS was confirmed by phenotypic 
testing in all 13 patients (Table 2).

The mean ferritin level was 762 μg/L [307–2452], with 
only four patients exhibiting elevated transferrin saturation 
(TSat). Liver MRI showed IOL in 12 out of the 13 patients, 
ranging from borderline to moderate–severe (Table 2). We 
found no significant correlation between LIC and ferritin 
levels or TSat, nor between ferritin levels and reticulocytes 
or haemoglobin levels. Six patients were offered therapeutic 
interventions, including phlebotomy and/or iron chelation 
(Table 1).

Of the 13 patients, 11 carried heterozygous causative 
variants in genes associated with HS: six in ANK1, two in 
SLC4A1 and three in SPTB. One patient was a compound 
heterozygote for an SPTA1 variant and the αLELY allele. The 
last carried an SPTA1 missense variant of uncertain signif-
icance (VUS) associated with the homozygous αLELY allele 
(Table 2).

None of the 13 patients carried the common HFE: p.(-
Cys282Tyr) variant, responsible for HH. However, two po-
tentially pathogenic variants were identified in other genes 
associated with rare non-HFE haemochromatosis. One 
patient had a variant in HJV, associated with juvenile hae-
mochromatosis, and another carried an SLC40A1 variant 
implicated in Bantu siderosis (‘African haemochromatosis’). 
No potentially pathogenic variants were found in the HFE, 
HAMP, TFR2 or FTL genes.

In addition, some patients carried rare variants in genes 
linked to other RBC disorders or IOL, namely, PKLR, encod-
ing pyruvate kinase (PK), a key enzyme in RBC metabolism, 
ABCG5 implicated in sitosterolaemia and ABCB8, encoding 
a mitochondrial iron transporter (Tables, 1,2).

DISCUSSION

In an attempt to better understand why IOL manifests in 
some HS patients, we conducted a retrospective study of 
HS patients with chronic hyperferritinaemia. We studied 13 

well-characterized individuals who underwent LIC meas-
urement by liver MRI and NGS sequencing.

None of these patients had received chronic transfusions, 
a major cause of acquired IOL in patients with chronic hae-
molytic anaemia, nor did they have chronic inflammation or 
liver steatosis. This prompted us to investigate their genetic 
background, specifically focusing on genes involved in RBC 
disorders and iron metabolism. This is the study with the 
largest number of HS patients with IOL to date. In a previous 
study of five patients, no genetic abnormalities were found.6

Our first step was to confirm the diagnosis of HS at the 
molecular level. Recent studies have shown that NGS anal-
ysis can help correct misdiagnosed cases of rare anaemias.7 
This is essential to distinguish HS from other RBC disorders 
such as hereditary stomatocytosis or PK deficiency. Indeed, 
both of them are associated with hyperferritinaemia (HF) or 
IOL.

The molecular diagnosis of HS was unambiguous in 11 
patients. Of note, patient #4 had a missense ANK1 variant 
for which family segregation studies support the pathoge-
nicity. The remaining two patients (#3 and #9) had com-
plex genotypes, with an SPTA1 variant occurring in trans 
with the αLELY allele. This allele is linked to elliptocytosis 
when combined with a pathogenic SPTA1 variant located 
in the N-terminal part of the protein. Recent studies sug-
gest that when the αLELY allele is associated in trans with 
a pathogenic SPTA1 variant encoding the remainder of 
the protein, it may slightly worsen the phenotype by in-
creasing reticulocyte counts and decreasing haemoglobin 
levels.8

We subsequently investigated whether some of the mo-
lecular variants responsible for HS might be associated with 
IOL. We found no overrepresentation of any specific HS gene 
abnormalities in patients with hyperferritinaemia or IOL, al-
though larger studies are needed to confirm this. However, 
we did identify additional genetic factors in four of the seven 
patients with more severe IOL and in one young patient with 
elevated ferritin but normal LIC.

We next examined genes involved in iron metabolism. 
None of the 13 patients carried the HFE: p.(Cys282Tyr) vari-
ant, the most frequently reported genetic cause of IOL in HS 
patients. However, we identified two potentially pathogenic 
variants in genes associated with rare forms of IOL in three 
patients. Patient #4, with an LIC of 90 μmol/g, carried the 
HJV:p.(Arg288Gln) variant. A single heterozygous variant 
of the HJV gene, implicated in juvenile haemochromatosis, 
cannot fully explain IOL. Nevertheless, several authors con-
sider that heterozygous variants in this gene, in combination 
with other genetic abnormalities, may contribute to heredi-
tary IOL through a digenic inheritance pattern. Patient #4 
had no other known pathogenic variant.

Patient #5 did not have significant hepatic IOL, possibly 
due to his young age (23 years). He was diagnosed with HS at 
the age of 19 after bone marrow reconversion was found in 
his knees, a site not previously described in HS. He carried 
the SLC40A1:p.(Gln248His) variant associated with Bantu 
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siderosis.9 This condition was once linked to consumption 
of iron-rich beer, but has now been confirmed to have a ge-
netic basis. The variant is common in African and African-
American populations, and studies show that heterozygous 
carriers, mainly men, have higher serum ferritin levels.

Patient #9, who had one of the highest LICs (210 μmol/g), 
carried the p.(Ala311Thr) variant in ABCB8. This gene en-
codes a transporter involved in iron export on the inner mi-
tochondrial membrane. While loss-of-function mutations 
in mice lead to iron accumulation,10 no pathogenic variants 
have been reported in humans.

We also identified associations with other variants in 
genes related to RBC disorders, where IOL is commonly ob-
served. The PKLR:p.(Val506Ile) variant was found in patient 
#8, for whom no enzyme assays were available. This variant 
has previously been reported in a heterozygous state with a 
second PKLR variant in a patient with PK deficiency.11 PK 
deficiency was not thought to aggravate the clinical phe-
notype of HS, except when associated with band 3 defi-
ciency, as this may worsen the phenotype by exacerbating 
ATP deficiency.12 And indeed, patient #8 had a molecular 
abnormality of the SLC4A1 gene encoding protein band 3 
and had a significant IO (LIC = 100 μmol/g), without further 
explanation.

Patient #6 had the ABCG5:c.1762 + 1G > T variant, located 
at the same nucleotide as a known pathogenic variant in sit-
osterolaemia,13 an autosomal recessive disorder character-
ized by haemolysis and liver dysfunction. To our knowledge, 
there is no reported case of an HS patient carrying a patho-
genic heterozygous ABCG5 variant. Whether the relatively 
elevated LIC of this patient (170 μmol/g) may be related to 
this variant remains to be established.

Based on this study, we propose a diagnostic flowchart 
for HS patients who present with chronic hyperferritinaemia 
(Table S1, Figure S2).

CONCLUSION

These preliminary findings appear to support our initial 
hypothesis that genetic modifiers, whether in genes involved 
in RBC or iron disorders, may contribute to IOL development 
in certain HS patients and potentially explain the phenotypic 
variability observed between patients. However, further 
confirmation by analysis of a larger number of patients is 
required.
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