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F erritin is an iron-binding molecule that stores iron in a bio-
logically available form. It also plays a role in numerous other 

conditions, including inflammatory, neurodegenerative and 
malignant diseases. Most clinicians dealing with inflammatory 
diseases perceive serum ferritin levels as a non-specific marker 
of the acute-phase response. Despite increasing evidence that 
circulating ferritin levels indeed reflect an acute-phase response, 
how and why serum ferritin is elevated is not yet known [1]. 
Circulating ferritin levels also play a critical role in inflam-
mation. The expression of ferritin is regulated not only by the 
cytoplasmatic amount of iron, but also by cytokines, oxidative 
stress, hormones and lipopolysaccharide, among others [2]. 

Over the last few years, accumulating data have implicated 
a role for ferritin as a signaling molecule and direct mediator of 
the immune system. This molecule can be either immunosup-
pressive or pro-inflammatory. The immunosuppressive effect 
is well known and seems to play a role in the development of 
autoimmune diseases. Different mechanisms may inhibit the 
ferritin-mediated suppression of the immune cells, and in turn, 
this impaired immunosuppression may favor the loss of toler-
ance and the development of autoimmune diseases [3]. The 
autoimmune diseases associated with hyperferritinemia include 
systemic lupus erythematosus (SLE), rheumatoid arthritis (RA), 
multiple sclerosis (MS) and antiphospholipid syndrome (APS) 
[2,4,5]. Yet, autoantibodies against ferritin are also associated 
with different autoimmune diseases [1]. Hyperferritinemia is 
also linked to several inflammatory conditions such as sepsis, 
systemic inflammatory response syndrome (SIRS), multiorgan 
dysfunction syndrome (MODS), macrophage activation syn-
drome (MAS), and the catastrophic variant of the antiphos-
pholipid syndrome (CAPS) [6,7]. Furthermore, in critically ill 
patients, hyperferritinemia is associated with the severity of the 
underlying disease [6]. 

On the other hand, it has been proposed that ferritin can also 
be a pro-inflammatory signaling molecule [8]. There seems to 
be a complex interaction between ferritin and cytokines in the 

control of pro-inflammatory and anti-inflammatory mediators. 
Pro-inflammatory cytokines can induce ferritin expression; in 
turn, ferritin may induce the expression of pro-inflammatory 
cytokines. Moreover, ferritin induction of anti-inflammatory 
cytokines (interleukin-10) is an important mechanism underly-
ing the immunosuppressive effects of ferritin [1]. 

So, ferritin can be either an immunosuppressive or a pro-
inflammatory molecule. These opposing effects are probably 
dependent on the activation of different pathways, through 
different receptors, possibly employing different effectors (i.e., 
L- versus H-ferritin), and possibly different contexts. Actually, 
this last idea resembles the “two-hit hypothesis”; for instance, 
for the high levels of ferritin to be pathogenic a second hit may 
be necessary, like a pro-inflammatory environment, a specific 
genetic background or even an infectious agent [1].

Four clinical conditions may be associated with high fer-
ritin levels: MAS, adult-onset Still’s disease (AOSD), CAPS, 
and septic shock [9]. These disorders are characterized by 
life-threatening hyperinflammation with high levels of ferritin 
and a cytokinetic storm, clinically presented as multiorgan 
failure. They share similar clinical signs, symptoms and labo-
ratory parameters [1]. In addition, they also respond to similar 
therapies. In all conditions there is a good response to treat-
ment with corticosteroids, plasma exchange and intravenous 
immunoglobulin G (IVIg), supporting a common pathogenic 
mechanism, and ferritin may be the link between them. It was 
previously shown that ferritin levels decreased gradually after 
each plasma exchange session. Furthermore, IVIg may be rel-
evant not only because antibodies against ferritin may be pres-
ent, but IVIg may also prevent the release of pro-inflammatory 
cytokines. Macrophages seem to be major players in these four 
conditions. They are responsible for the production of cytokines 
and also appear to be extremely important in the production 
and secretion of serum ferritin [1,10]. We hypothesize that the 
hyperferritinemia seen in these clinical conditions is part of the 
pathogenic mechanism and not merely a secondary product of 
the inflammatory process. Probably, in an inflammatory envi-
ronment as observed in these diseases, the grossly high levels of 
ferritin may be involved in some sort of loop mechanism where 
ferritin’s inflammatory proprieties are exacerbated, leading to 
an extreme expression of additional inflammatory mediators 
[1]. Still, not all patients with these clinical conditions have 
hyperferritinemia; indeed, in about 10% of AOSD patients the 
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ferritin levels are normal. Perhaps in this subgroup of patients 
the disease has a different etiology with a different pathogen-
esis. However, there are other diseases characterized by high 
levels of ferritin that do not have an inflammatory response, 
such as hyperferritinemia-cataract syndrome [1].

This concept of hyperferritinemia as a major contributor in 
the pathogenesis of these conditions may be extremely relevant 
when considering more targeted therapy. In order to recall the 
importance of this concept, we propose to include these clinical 
conditions under a single classification: “The Hyperferritinemic 
Syndrome.”
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Every day billions of cells die within the body. Specialized cells 
called phagocytes patrol the blood and act as cellular garbage 
collectors, clearing dead cells to prevent tissue damage and 
inflammation. Phagocytes recognize dead cells because they 
express molecular “eat me” signals on their surfaces. Zagórska 
and group examined how mouse phagocytes use different 
cellular protein receptors, called TAMs, during this process. 

The TAM receptors Mer and Axl recognize the “eat me” signals 
on the surface of dead cells. Mer kept the peace by removing 
the dead cells that accumulate during normal wear and tear. 
In contrast, during inflammation, Axl protein expression 
increased and it took over the removal process from Mer. 
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Bring out your dead — hungry receptors await

Self-renewal is the hallmark feature both of normal stem cells 
and cancer stem cells. Since the regenerative capacity of 
normal hematopoietic stem cells is limited by the accumulation 
of reactive oxygen species and DNA double-strand breaks, 
scientists speculated that DNA damage might also constrain 
leukemic self-renewal and malignant hematopoiesis, and 
here Santos et al. show that the histone methyl-transferase 
MLL4, a suppressor of B cell lymphoma, is required for stem 
cell activity and an aggressive form of acute myeloid leukemia 
harboring the MLL-AF9 oncogene. Deletion of MLL4 enhances 
myelopoiesis and myeloid differentiation of leukemic blasts, 
which protects mice from death related to acute myeloid 
leukemia. MLL4 exerts its function by regulating transcriptional 
programs associated with the antioxidant response. Addition 

of reactive oxygen species scavengers or ectopic expression of 
FOXO3 protects MLL4−/− MLL-AF9 cells from DNA damage and 
inhibits myeloid maturation. Similar to MLL4 deficiency, loss of 
ATM or BRCA1 sensitizes transformed cells to differentiation, 
suggesting that myeloid differentiation is promoted by loss 
of genome integrity. Indeed, the authors show that restriction 
enzyme-induced double-strand breaks are sufficient to induce 
differentiation of MLL-AF9 blasts, which requires cyclin-
dependent kinase inhibitor p21Cip1 (Cdkn1a) activity. In sum- 
mary, they uncovered an unexpected tumor-promoting role 
of genome guardians in enforcing the oncogene-induced 
differentiation blockade in acute myeloid leukemia. 
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dnA damage induced differentiation of leukemic cells as an anti-cancer barrier




