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Brain Iron

The accumulation of iron in the brain is a common physiological process. However, alterations in the
deposition of iron or other paramagnetic substances are associated with various diseases.

Regulation

The brain requires iron for a number of processes, including energy production. Inadequate or
excessive amounts of iron can be detrimental and lead to a number of neurological disorders. As
such, regulation of brain iron uptake is required for proper functioning. Understanding both the
movement of iron into the brain and how this process is regulated is crucial to both addressing
dysfunctions with brain iron uptake in disease and successfully using the transferrin receptor uptake
system for drug delivery.

Using in vivo steady-state infusions of apo- and holo-transferrin into the lateral ventricle, Baringer et
al. demonstrated the regulatory effects of brain apo- and holo-transferrin ratios on the delivery of
radioactive 55Fe bound to transferrin or H-ferritin in male and female mice. In discovering sex
differences in the response to apo- and holo-transferrin infusions, ovariectomies were performed on
female mice to interrogate the influence of circulating estrogen on the regulation of iron uptake.

The model reveals that apo- and holo-transferrin significantly regulate iron uptake into the
microvasculature and subsequent release into the brain parenchyma and their ability to regulate iron
uptake is significantly influenced by both sex and type of iron delivery protein. Furthermore, they
showed that cells of the microvasculature act as reservoirs of iron and release the iron in response to
cues from the interstitial fluid of the brain.

These findings extend the previous work to demonstrate that the regulation of brain iron uptake is
influenced by both the mode in which iron is delivered and sex. These findings further emphasize the
role of the microvasculature in regulating brain iron uptake and the importance of cues regarding iron
status in the extracellular fluid 1).

Dysregulation

Iron is a tightly regulated micronutrient with no physiologic means of elimination and is necessary for
cell division in normal tissue.

Evidence suggests that dysregulation of iron regulatory proteins may play a role in cancer
pathophysiology.

Weston et al used public data from The Cancer Genome Atlas (TCGA) to study the association
between survival and expression levels of 61 genes coding for iron regulatory proteins in patients with
World Health Organization Grade II-III gliomas. Using a feature selection algorithm they identified a
novel, optimized subset of eight iron regulatory genes (STEAP3, HFE, TMPRSS6, SFXN1, TFRC, UROS,
SLC11A2, and STEAP4) whose differential expression defines two phenotypic groups with median
survival differences of 52.3 months for patients with grade II gliomas (25.9 vs. 78.2 months, p< 10-3),
43.5 months for patients with grade III gliomas (43.9 vs. 87.4 months, p = 0.025), and 54.0 months
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when considering both grade II and III gliomas (79.9 vs. 25.9 months, p < 10-5) 2)

Iron in intracerebral hemorrhage

see Iron in intracerebral hemorrhage.

Subarachnoid hemorrhage

Previous studies have shown that iron accumulation is involved in the pathogenesis of brain injury
following subarachnoid hemorrhage (SAH) and chelation of iron reduced mortality and oxidative DNA
damage.

Germinal matrix hemorrhage

Brain iron overload has a key role in brain injury after intracerebral hemorrhage (ICH).

Iron plays a role in brain injury following GMH and minocycline reduces iron overload after germinal
matrix hemorrhage (GMH) and iron-induced brain injury 3).

Posttraumatic hydrocephalus

The role of iron in the development of posttraumatic hydrocephalus is still unclear.

TBI was induced by lateral fluid-percussion in male Sprague-Dawley rats. Some rats had
intraventricular injection of iron. Acute hydrocephalus was measured by magnetic resonance T2-
weighted imaging and brain hemorrhage was determined by T2* gradient-echo sequence imaging and
brain hemoglobin levels. The effect of deferoxamine on TBI-induced hydrocephalus was examined. TBI
resulted in acute hydrocephalus at 24 h (lateral ventricle volume: 24.1 ± 3.0 vs. 9.9 ± 0.2 mm3 in
sham group). Intraventricular injection of iron also caused hydrocephalus (25.7 ± 3.4 vs. 9.0 ± 0.6
mm3 in saline group). Deferoxamine treatment attenuated TBI-induced hydrocephalus and heme
oxygenase-1 upregulation.

Iron may contribute to acute hydrocephalus after TBI 4).

In a study, the deposition of paramagnetic substances in patients with brain tumours was evaluated
using T2 relaxometry. A total of 23 patients with untreated tumours or with recurrent tumours
following treatment, together with a group of 19 age-matched healthy controls, were examined using
T2 relaxometry at 3T. The relaxation times in the basal ganglia, thalamus and white matter were
evaluated. Significantly lower T2 relaxation times were identified in the basal ganglia and thalamus of
the patients with tumours, as compared with those of the controls (P<0.05). No statistically significant
difference was identified between patients with untreated or recurrent brain tumours. The reduction
in T2 relaxation times in the brain tumour patients was possibly caused by the accumulation of iron,
since iron homeostasis is known to be altered in patients with tumours. Increased iron deposition is a
consequence of a higher risk of oxidative stress caused by an increased iron concentration in the
plasma or cerebrospinal fluid 5).
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Traumatic brain injury

Female LCR rats had less iron-induced brain swelling, smaller lesion volumes, and reduced BBB
disruption and HO-1 upregulation compared with male LCR rats. This may contribute to the reduced
ICH-induced brain injury found in females 6).

Iron induced less brain edema in female mice than in males. estrogen receptor (ER) modification can
affect iron-induced brain edema 7).

Stroke

The available findings on the association between iron status and risk of stroke remain controversial.
Xu et al. used multivariable logistic regression and restricted cubic spline models to explore the
association between iron exposures and risk of stroke in the US National Health and Nutrition
Examination Survey (NHANES 2007-2016, n = 24,627). A total of 941 (3.82%) stroke cases were
identified in this study. In women, the ORs with 95% CIs of prevalence of stroke were 0.92 (0.65-1.28),
0.66 (0.44-0.98) and 0.72 (0.49-1.08) across quartiles 2-4 compared with quartile 1 of iron intake,
respectively. An inverse and L-shaped association between iron intake and risk of stroke in women
was observed, and the curve plateaued at 20 mg/day. However, neither serum iron concentrations
nor iron intake were significantly associated with risk of stroke in men. Our study found that iron
intake was inversely associated with risk of stroke in a sex-dependent fashion 8).
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