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Abstract
Frontotemporal lobar degeneration with TAR-DNA-binding
protein inclusions (FTLD-TDP) is the most common pathological subtype of frontotemporal dementia (FTD). Mutations leading to a loss of function in the progranulin gene
(PGRN) are the most common known cause of FTLD-TDP.
In agreement with the proposed loss of function disease
mechanism, several groups have reported decreased plasma levels of PGRN in patients carrying PGRN mutations compared to individuals without PGRN mutations. We propose
that traumatic brain injury (TBI), an environmental factor,
may also increase the risk of FTD by altering PGRN metabolism. TBI may lead to an increase in the central nervous system levels of microglial elastases, which proteolyze PGRN
into proinflammatory products called granulins causing a
reduction in PGRN levels. Hence, inhibiting microglial activation may have an important implication for the prevention
of FTD in patients with TBI.
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Frontotemporal dementia (FTD) is the second most
common form of dementia in individuals under the age
of 65 years. Frontotemporal lobar degeneration (FTLD)
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with neuronal inclusions of the TAR-DNA-binding protein 43 (TDP-43) is the most common pathological subtype of FTD (FTLD-TDP). Mutations leading to a loss of
function in the progranulin gene (PGRN) are the most
common known cause of FTLD-TDP [1].
PGRN codes for the protein PGRN. In agreement with
the proposed loss of function disease mechanism, several
groups have reported decreased plasma levels of PGRN in
patients carrying PGRN mutations compared to individuals without PGRN mutations [1, 2]. Finch et al. [1] further
observed that there may be a discrepancy in the PGRN
mRNA levels and plasma PGRN levels in PGRN mutation
carriers, the latter being further reduced. This finding
suggests that apart from haploinsufficiency of PGRN,
these individuals may also have an abnormal PGRN metabolism whereby the processing of PGRN is altered.
Traumatic brain injury (TBI) remains the only established environmental risk factor of FTD. A retrospective
case-control analysis showed that patients with FTD are
3.3 times more likely to have experienced a head trauma
as compared to normal age-matched controls [3]. Based
on recent findings, we hypothesize that TBI may increase
the risk of FTD by modulating PGRN processing and expression.
PGRN is a pleiotropic protein that has wide-ranging
functions both in the periphery and the central nervous
system (CNS). In the periphery, PGRN is expressed in
epithelial and hemopoietic cells and is implicated in multiple inflammatory processes, i.e. tissue repair, wound
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healing and tumorigenesis [4]. The expression and functions of PGRN in the CNS are more complicated. In the
embryonic brain, PGRN is abundant and is involved in
sexual differentiation of the brain [5]. In the adult brain,
PGRN expression is limited to microglia and certain neuronal populations: pyramidal neurons in the neocortex
and hippocampus and Purkinje cells in the cerebellum.
PGRN has been suggested to function in neuronal repair
and growth in the adult brain and spinal cord [6].
The function of PGRN is regulated by an interaction
between elastases and secretary leukocyte protease inhibitor in the periphery. Elastases secreted by neutrophils
cleave PGRN into smaller peptides called granulins
(GRNs). PGRN and GRNs have opposing properties:
PGRN is anti-inflammatory, whereas GRNs are proinflammtory. Elastase cleavage of PGRN is inhibited by
secretary leukocyte protease inhibitor secreted by macrophages and neutrophils [4]. There is currently limited information about the regulation of PGRN during inflammatory processes in the CNS. However, given the nonneuronal origin of microglia, a mechanism similar to the
periphery is likely to exist. It has been hypothesized that
release of elastases by microglia during CNS injury or inflammation may cleave PGRN into proinflammatory
GRNs. This cleavage may be inhibited by secretary leukocyte protease inhibitor released by astrocytes [6].
There is evidence to suggest that the CNS levels of elastase increase after spinal cord trauma and stroke [7, 8].
An increase in elastase levels is also likely after TBI as it
leads to activation of microglia, which in turn secrete
multiple cytokines including elastase [9]. This raises the

possibility that TBI may cause an increase in elastases,
which would result is a reduction in the levels of PGRN
and an increase in the proinflammatory GRNs. Hence,
TBI can potentially induce a ‘PGRN insufficiency’ state
leading to a greater susceptibility to FTD. We also hypothesize that this effect will be pronounced many folds
in individuals carrying a PGRN mutation, who already
suffer from PGRN haploinsufficiency.
TBI is a known environmental risk factor for Alzheimer’s disease, Parkinson’s disease and other neurodegenerative conditions, some of which do not involve a PGRN
mutation [10]. The role of TBI in the pathogenesis of FTD
is also likely to be multifactorial and the lowered levels of
PGRN might just be one element. However, this pathway
may be important from a therapeutic point of view. Recently, Chung et al. [11] described an important pathway
of microglial activation in the CNS. They showed that microglial activation secondary to TBI can be significantly
reduced by administration of metallothionein. In the future, individuals with TBI might be given metallothionein
and other potent inhibitors of microglia in order to reduce
the production of elastases. This would prevent abnormal
metabolism of PGRN and avoid the reductions in PGRN
that may increase the susceptibility to FTD after TBI.
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