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The Role of Iron in Epidermal Healing and  
Infection

Idia Boncheva1

Abstract

In recent years, the field of iron studies has expanded into sub-domains that investigate the regulation of 
this metal in various tissues including the heart, mucosal surfaces, tumors, and the skin. Iron homeostasis in 
the skin and the role of other non-hepatic cells in the regulation of iron are currently incompletely under-
stood. This paper summarizes the role of iron in wound healing, highlights the importance of maintaining 
iron concentrations within an intermediate range to avoid toxicity or defects; and integrates the antimicro-
bial role, interactions, and regulation of various cell types. Notably, the autoregulation of hepcidin secretion 
by keratinocytes and recruited myeloid cells is described. Additionally, the potential therapeutic role of iron 
chelators in infection control and their mechanisms of action are explored. This paper aims to elucidate the 
relevance of local iron control in epidermal infections. Although some of the molecular details underlying 
this condition remain unclear, published data suggest that iron-regulating therapies are a promising treat-
ment for the eradication of skin infections due to their wound-healing and immune-modulating potential. 

Introduction

Iron plays a central role in the housekeeping processes in our cells and 
organs, making it one of the most essential components of our diet. 
Its functions are so vital that our bodies have evolved distinct ways to 
recycle iron rather than excrete it, as they have for other nutrients1. A 
healthy individual ingests approximately 10-20 mg of iron daily1. How-
ever, only 10% is absorbed into the circulation, while the rest is lost as 
waste2. Additionally, around 1-2 mg of iron is shed daily in bodily fluids 
and through skin desquamation1. The absorption of iron from our di-
etary intake is accomplished in the upper part of the digestive tract via 
various import proteins such as divalent metal transporter-1 (DMT-1) 
and heme carrier protein 1 (HCP1) on the surface of enterocytes2. The 
details of this step vary with the ionic form and the protein-association 
state of iron2. 

Subsequently, iron is transported in the blood via plasma transferrin2. 
Transferrin is an iron-binding protein which delivers the vital metal to 
the liver and the spleen for storage, and to all other cells in our body 
for their survival2. Iron is vital because it is located within internal 
structures such as the iron-sulfur clusters of complexes within the 
electron-transport chain (ETC) in the mitochondrial membrane3. These 
iron-containing structures are required for the proteins to generate an 
electrochemical gradient which can subsequently be used to pro-
duce ATP—the predominant energy source in cellular metabolism3. 
Unbound iron is found in the body only at very low levels, as most of 
it is associated with ferritin and hemosiderin which are intracellular 
iron-storage proteins1. Transferrin will also deliver iron to the bone 
marrow for erythropoiesis1. Around 20 mg of iron is used up every 
day in the bone marrow for the formation of red blood cells1. Such an 
investment is made because iron is an essential component of hemoglo-
bin, the protein that binds, transports, and delivers oxygen through the 
blood to the entire body2. Once red blood cells die, the iron that is held 
within them is processed by macrophages and brought back to the bone 
marrow to resume the cycle (Figure 1)1,2,4. 

Despite its abundance in nature, iron has low bioavailability as it is 
predominantly found in its insoluble ferric form (Fe3+)5. This has made 
it a highly coveted metal by all life forms, including microorganisms. 
In fact, bacteria have developed specialized iron uptake mechanisms 
to acquire this metal from the environment4. For example, sidero-
phores are small organic molecules that diffuse out of bacteria, tightly 
bind extracellular iron, and deliver the metal to microbes through 
the reabsorption of iron-siderophore complexes5. Different bacterial 
species have evolved other enzymatic or receptor-mediated iron-uptake 
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systems to optimize nutritional scavenging in their particular nich-
es5. In the context of infection, these microbes will try to acquire iron 
from our cells. In response, our body will set off an immune defense 
mechanism that will sequester iron from the environment and stunt the 
proliferation of the invaders5. In a phenomenon called hypoferremia of 
inflammation, individuals who develop an infection see their plasma 
iron levels decrease within hours5. This is one of the many mechanisms 
our bodies use to fight against microbes. 

With predictions of increasing antibiotic resistance, there is an in-
creased need for alternative antimicrobial protocols to treat infections. 
This review paper summarizes selected topics relating to the role of 
iron in wound healing and pathogen control in local skin infections. 
Additionally, it evaluates the potential therapeutic use of iron chelators 
on topical wounds. This review aims to gather and integrate the current 
knowledge and evidence in this emerging field to facilitate the modula-
tion of iron homeostasis in the treatment of infections.
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Figure 1. Simplified schematic of iron cycling in the body 1,2.
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The Role of Iron in Skin Wound Healing

Even in the absence of infection, iron has a complex influence on our skin’s 
health and healing. Upon tissue damage, the skin must undergo a series 
of temporally coordinated, dynamic, and locally controlled repair mech-
anisms1. For instance, blood clotting, inflammation, immediate vascular 
responses, re-epithelialization, glandular tissue formation, and angiogene-
sis are a few of the vital steps involved in cutaneous wound healing1. Many 
cells, such as keratinocytes, which are the primary cell type composing our 
skin, fibroblasts, and innate immune cells such as macrophages, are in-
volved in this phenomenon6. This becomes even further convoluted when 
we consider chronically disturbed wound healing where the role of iron is 
heterogeneous6. 

In healthy individuals, the concentration of iron in the skin, as measured 
by X-ray fluorescence, is around 10.22.5 µg per gram of dry weight, but 
this can greatly vary amongst the sites measured7. For instance, neutron 
activation analysis (NAA) of the abdomen epidermis records iron con-
centrations of 90.245.2 µg g-1 in groups of healthy individuals7. There is 
also a wide variation in skin iron concentrations for different skin disease 
conditions and between individuals with the same disease7. Regardless of 
these differences, analysis of iron functions suggests that extreme concen-
trations can be damaging; high iron levels can cause cell death, whereas 
low levels impair wound healing. 

At one end of this spectrum, iron can be toxic to cells due to reactive ox-
ygen species (ROS) generated via the Fenton reaction1. In this reaction, 
ferrous iron (Fe2+) reacts with hydrogen peroxide to generate ferric iron 
(Fe3+), hydroxide, and a hydroxyl radical8. Subsequently, ferrous iron can 
be regenerated via the superoxide-driven Fenton reaction8. Thus, low 
amounts of iron can power the Fenton reaction via this redox cycling 
(Figure 2)8,9. The combination of high iron and abundant ROS can drive 
ferroptosis, a non-apoptotic programmed cell death that triggers the re-
lease of inflammatory immunogenic intracellular molecules and induces 
necroinflammation10. Mitochondria are a major source of ROS, as altered 
mitochondrial DNA upon cell damage increases the production of these 
small molecules11. In fact, it was found that mitochondrial alterations 
within wound fibroblasts can impede the healing process by affecting nu-
clear transcription events, motility, and growth11. Although ROS can be 
beneficial in combatting invading microbes, they are detrimental to the 
host at high concentrations upon prolonged periods as this perpetuates a 
non-healing state1,11. Thus, local iron regulation is vital for homeostasis. To 
avoid the buildup of this waste product, labile iron can be released from 
keratinocytes10. The iron released into the extracellular environment mini-
mizes intracellular oxidative damage1. Additionally, intracellular iron stor-
age proteins such as ferritin, and iron-regulatory proteins (IRPs), which 
are transcriptional regulators of iron-associated proteins, can regulate 
labile iron availability independently of systemic iron control such as to 
avoid toxicity12. 

At the other end of the spectrum, there is evidence suggesting that low iron 
levels can also be detrimental to skin regeneration1. For example, in a com-
parative study, Sprague-Dawley rats were made anemic by weekly bleeding 
for 6 weeks and were fed a low-iron diet13. These rats were wounded by lap-
arotomy incisions and the wound tensile strength was assessed 7 days later 
by the Howes method, which measures the force required to pull apart a 
segment of wound13,14. It was found that the healing rate in iron-supple-
mented rats was on average twice as strong than in the low-iron group, 
as measured by wound tensile strength13. Additionally, there is evidence 
suggesting that increased local iron levels can be beneficial in wound heal-
ing15. For instance, lactoferrin is a glycoprotein that binds iron when it 
is released by glandular epithelial cells into various body fluids such as 
maternal milk, saliva, tears, and mucosal secretions15. When lactoferrin is 
present in infected tissues and pus, it locally concentrates iron which raises 
the initial levels of inflammation after injury, increases cell proliferation 
and recruitment, and enhances fibroblast-mediated collagen contraction15. 
Similarly, it was also found that iron concentrations were enhanced in an-
imal wound-healing models compared to baseline16. Lewis rats were sub-
jected to dorsal biopsy punctures, and the levels of iron were measured at 
various time points after injury via inductively coupled plasma mass spec-
trometry (ICP-MS) to assess the levels of iron at different healing stages16. 
The levels of iron recorded peaked during the proliferation phase which 
involves keratinocyte migration to the surface of the wound, granulation 
by fibroblasts, and neovascularization16.  Thus, in some cases, iron can be 
an essential element for healing. 

The studies described in this section indicate that neither iron-overload 
nor iron-deficiency is beneficial to our skin. The evidence summarized in 
this section is somewhat contradictory as elevated iron levels can poten-
tially be toxic to cells due to ROS, but normal wound healing in rodents 
depends on iron abundance. This suggests an optimal level of iron must 
be maintained in the body under normal conditions and upon injury to 
promote healing.  

Hepcidin Control of Myeloid Cells in Infection

To better understand how the iron levels in the body are balanced, outlin-
ing its regulators is vital. Hepcidin is the iron-regulating hormone. This 
peptide is encoded by the HAMP gene, and it is mainly secreted by hepato-
cytes2. Hepcidin engages different interference mechanisms to promote 
the accumulation of iron inside cells and reduce iron export. It can either 
downregulate the expression of ferroportin—the only known iron-export-
ing membrane protein—and stimulate its degradation, or at higher plas-
ma concentrations, hepcidin can directly block the efflux of iron through 
ferroportin5,17. These functions have established hepcidin as an integrative 
regulator of iron in the body. For instance, upon microbial exposure, the 
cytokine-rich environment resulting from infection will promote systemic 
hepatocyte-derived hepcidin production5. Under high hepcidin concen-
trations, iron will be sequestered inside the cells and its availability to in-
vading pathogens in extracellular fluids will be reduced4. 

Hepcidin is also starting to be understood as an important molecule on a 
local scale, particularly in the skin. For instance, keratinocytes have been 
established as local modulators of hepcidin and as immunomodulatory 
cells during skin infections18. Indeed, histological staining of cross-sec-
tional human skin biopsies has shown that keratinocyte production of 
hepcidin is increased in patients with cutaneous Group A Streptococcus
(GAS) infection, compared to healthy patients18. Infections with GAS are 
the most common cause of necrotizing fasciitis (NF), which has a 35% 
mortality rate, so investigating the effect of iron on immune responses is of 
particular interest for this condition18. In a pioneer study done by Malerba 
et al. (2020), GAS NF was used as a model of skin infection to investigate 
the control of iron upon microbial attack18. Mutant mouse models with a 
keratinocyte-specific knockout in the HAMP gene were engineered. The 
mutant mice showed unchanged systemic iron parameters compared to 
normal mice, indicating that keratinocyte-derived hepcidin does not play 
a role in systemic iron control, which is mainly controlled by hepcidin-de-
rived hepatocytes. However, the mutant mice did not secrete hepcidin in 
the infected tissue, whereas wild-type mice did. This result demonstrates 
that hepcidin stains in skin tissue of patients infected with GAS are a prod

Figure 2. Generation of ROS via the Fenton reaction and the 
related superoxide-anion driven Fenton chemistry 3,4.
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uct of keratinocyte secretion rather than systemic production by hepato-
cytes. Additionally, local hepcidin injection in the infected mice prevented 
the progression of a systemic disease, further emphasizing this peptide’s 
antimicrobial role. Thus, hepcidin may be a marker for NF as it is upreg-
ulated in patients with this condition, and this iron-regulation hormone 
may also have protective roles against pathogens in skin infections as its 
presence is associated with a lower disease burden18. 

Interestingly, the therapeutic effects of hepcidin are lost in mice with 
knockouts in the CXCL1 gene, the functional homologue of human IL-
818. This is because hepcidin prevents the dissemination of GAS infection
via a chemokine-dependent pathway18. The IL-8/CXCL1 chemokines are
known as chemotactic factors that recruit neutrophils and other granulo-
cytes18. The pro-inflammatory cytokine CXCL1 is secreted by keratino-
cytes upon hepcidin binding to the corresponding surface receptor ferro-
portin18. Subsequently, this chemokine recruits and activates myeloid cells 
that play an essential role in the innate immune response upon infection
or injury (Figure 3)18-20. A defect in chemokine secretion by keratinocytes
results in a failure to limit the spread of a microbe from a localized infec-
tion to a systemic one18. Additionally, both neutrophils and macrophages
in subcutaneous compartments can secrete hepcidin upon recognition of
microbial antigens in a TLR-4 dependent manner19. Indeed, mice mutants 
in this pattern recognition receptor cannot induce hepcidin production
upon exposure to GAS 19. The details of this relationship have not yet been 
characterized, but it appears that keratinocytes and myeloid cells can pro-
tect our body from serious infections via a hepcidin-mediated regulatory
feedback loop (Figure 3).

It is also possible that the relationship between iron and innate immune 
cells is more complex due to the presence of various iron-binding factors. 
For instance, the genetic deletion of ferroportin on macrophages will in-
duce the retention of intracellular iron and affect various steps of skin ho-
meostasis and repair such as stromal cell proliferation, angiogenesis, and 
fibrogenesis21. This is hypothesized to be a result of defective iron redistri-
bution to neighboring cells, highlighting the importance of macrophages 
in skin regeneration21. Iron is also essential for the tissue repair functions 
of macrophages as the accumulation of this metal will induce the differen-
tiation of macrophages into an M2 pro-healing phenotype that produces a 

high level of wound-healing chemokines22. Additionally, neutrophils have 
been shown to depend on the iron-binding lactoferrin protein for their 
characteristic oxidative bursts23. This functional response releases potent 
antimicrobial ROS into the environment, contributing to host defense23. 

Overall, hepcidin is an interesting candidate for the treatment of infections 
such as NF because it can provide protective effects against microorgan-
isms by interacting with the surface receptors of immune cells and because 
hepcidin is able to camouflage itself from the invading microbes which 
lack a direct defense against hepcidin. It is also important to not overlook 
the importance of other iron-binding proteins and cell types, as these can 
greatly contribute to both innate immune modulation and tissue repair. 
Although more research must be done to characterize the self-regulatory 
mechanism of hepcidin in peripheral tissues, it can be hypothesized that 
the metabolism of iron in the skin is controlled by proximal cells, such as 
neutrophils, macrophages, and keratinocytes, and by locally secreted fac-
tors such as hepcidin, CXCL1/IL-8, and iron-associated factors. 

Iron Chelators as Therapeutic Agents in Skin 
Infections

Iron chelators are synthetic or microbe-derived molecules that strongly 
bind iron via various chemical interactions4. There are multiple iron che-
lators that have long been approved for clinical use—Desferrioxamine 
(DFO), Deferiprone (DFP), and Deferasirox (DFX) are a few examples4. 
These diversely structured molecules will sequester the iron metal and 
enable its excretion through urine or feces24. Iron-chelation therapy is 
primarily used to treat patients with iron-overload diseases which can be 
either genetic or acquired24. 

In clinical applications, the rationale for iron chelator therapy is analogous 
to how our bodies naturally mount a biological defense upon infection. 
Chelators will bind labile iron and reduce its accessibility to the invad-
ers in the extra-cellular environment4. For example, DFX is a bidentate 
oral chelator with protective effects against Candida albicans infection4. 
Alternatively, the tridentate chelator DFP was shown to have beneficial 
effects in wound healing upon topical application in rodents, and in treat-
ing biofilms on surgical wounds of in vitro models of multi-drug resistant 
bacteria such as Staphylococcus aureus and Pseudomonas aeruginosa25,26. 
A synthetic hydroxypyridinone-containing anti-microbial polymer called 
DIBI is another example of a promising iron chelator when tested in vivo. 
In fact, it was found to have a dose-dependent attenuation of S. aureus 
infection27. This bacterium accounts for 84% of wound infections, half of 
which are methicillin-resistant staph aureus (MRSA)27. When applied to 
the skin, DIBI reduced total bacterial titer and overall inflammation. This 
compound reduces the availability of iron to the pathogen and is particu-
larly potent at fighting infections by enhancing the activity of the antibiotic 
it is combined with27. 

However, not all iron-chelators are good candidates: DFO—a hexaden-
tate chelator—is not ideal for infection treatments, as it is derived from 
the Streptomyces bacterium, and it can be exploited by pathogens to fa-
vor their proliferation4. Furthermore, iron chelators are not yet used on a 
large scale for infection treatment because they are potentially toxic to cells 
and require high physiological concentrations to exert their therapeutic 
effects27. Additionally, it is hypothesized that local iron chelation can have 
an impact on the immune capacity of tissues by impeding ROS production 
4. As previously established, reduced ROS can be either beneficial in tissue 
healing or disadvantageous in pathogen killing. There is great debate over
the effect of chelators on the susceptibility to infections, especially after
intravenous administration due to potential tissue toxicity28.  In general,
topical application of any therapy reduces toxicity compared to systemic
administration. Thus, local treatment of skin infection using iron chelators 
could present fewer risks, but the effects remain unclear.

Iron chelation therapy has great potential for its alternative application in 
infection control due to its indirect antimicrobial capacity and its anti-in-
flammatory potential. However, before it can be implemented as a stan-
dard treatment, we must first establish the adverse effects of the diverse 
chelators upon topical application and their chemical interactions with 

Figure 3. Regulatory feedback loop of hepcidin production 
and myeloid cell recruitment 5-7.
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different species of bacteria. Until then, it is recommended that the clinical 
use of iron chelators is done in a patient-specific and time-sensitive man-
ner such as to minimize the dosage and avoid adverse effects28.

Conclusion

The complex relationship between global iron homeostasis and local iron 
control is not entirely understood. Although the liver is responsible for the 
systemic control of iron levels in cells and fluids via hepcidin secretion, 
it does not account for local adaptive changes. The major research con-
tributions described in this paper highlight the significance of local iron 
regulation in epidermal wound healing, the role of keratinocytes and my-
eloid cells in infection control via hepcidin and chemokine secretion, and 
the potential anti-microbial use of topical iron chelators. Analysis of these 
selected topics reveals that maintenance of iron levels within an interme-
diate range is essential for the homeostasis of tissue and organs, and that 
many innate immune cell functions are affected by iron and its associated 
factors. The vast role of iron in physiological functions renders it a critical 
subject of investigation with respect to skin conditions.
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