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In Parkinson disease (PD), dopaminergic neuronal
death within the substantia nigra generates characteris-
tic motor manifestations, while synuclein pathology in
cortical regions often causes additional symptoms,
including cognitive impairment and dementia.1 There-
fore, a comprehensive understanding of PD pathogene-
sis requires the evaluation of cell death mechanisms
both within the brainstem and extranigral sites. In
the current issue of Neurology®, Jiang et al.2 begin to
reveal the potential molecular pathways responsible
for cortical degeneration in PD.

Apoptosis, also known as programmed cell death,
depends on an intricate molecular circuitry that is
hardwired into nearly all cell types, including neu-
rons.3 These biochemical pathways have established
roles in neural development and maintenance, as well
as in immunity and inflammation, and it is becom-
ing clear that apoptosis is also important in PD and
other neurodegenerative diseases. Broadly, apoptotic
degeneration can be initiated by either extrinsic or
intrinsic cellular signals. Extrinsic apoptotic induc-
tion is initiated by cell surface “death receptors,” in-
cluding tumor necrosis factor receptor I (TNFRI),
which respond to secreted or membrane-tethered li-
gands. In the intrinsic pathway, mitochondria play a
central role responding to cellular insults—such as
DNA damage or starvation— by releasing cyto-
chrome c and other factors into the cytoplasm that
trigger apoptosis. Both signaling pathways converge
on effector cysteine proteases, called caspases, which
cleave a large number of cellular substrates, setting in
motion downstream cell death mechanisms (mem-
brane blebbing, nuclear fragmentation). Interest-
ingly, the protein Bid (BH3 interacting domain
death agonist) has been identified as a mediator of
cross-talk between the extrinsic and intrinsic apoptotic
signaling pathways, potentially functioning as an ampli-
fication mechanism.4,5 Specifically, death receptor sig-
naling can promote cleavage of Bid to the active form,
tBid, which promotes mitochondrial membrane per-
meabilization and cytochrome c release.

In their revealing study, Jiang et al. focus on au-
topsy material from 15 clinically and pathologically
well-characterized PD cases and 15 controls. Al-
though all were without dementia, the duration of
PD in cases was fairly advanced (mean � 14 years),
and most brains showed moderate Lewy body (LB)
pathology, involving both the brainstem and limbic
areas, but only sparse if any LBs in the temporal or
other neocortical regions. Controls neither had a
clinical diagnosis of PD nor did they show substan-
tial LB pathology. Looking for evidence of apoptotic
signaling in PD temporal cortex, the authors found
increased levels of TNFRI as well as the downstream
adaptor protein, TRADD. Further, levels of Bid pro-
tein and more importantly, the activated form tBid,
were also increased in PD temporal cortex, and par-
ticularly within mitochondria. Finally, Jiang et al.
found an increase in cytoplasmic cytochrome c (and
reciprocal decrease of mitochondrial cytochrome c),
along with evidence of caspase-3 activation. The au-
thors interpret their findings as consistent with in-
creased TNFRI signaling in PD temporal cortex, and
further, that this signal, via Bid, converges on mito-
chondria to promote cytochrome c release, thereby
triggering activity of caspase-3. They speculate that
TNFRI/Bid-mediated apoptotic signaling may contrib-
ute to PD cortical pathogenesis, and ultimately to cog-
nitive impairment.

The Jiang et al. study has important strengths,
including the evaluation of numerous apoptotic
pathway components, and cases with detailed clinical
and pathologic assessments. Short postmortem inter-
vals in the study increase confidence in the protein
measurements. Moreover, by focusing on the neo-
cortex of individuals without dementia, they poten-
tially isolate early pathogenic mechanisms of
cognitive impairment in PD. Study limitations in-
clude a small sample size, advanced age, and long
duration of PD, which potentially restricts generaliz-
ability. Several key questions remain unresolved.
First, what is the time course of TNFRI-Bid activa-
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tion relative to overall PD pathogenesis? Although
Jiang et al. studied cases without dementia, all
subjects for whom data were available had limbic
synuclein pathology, and almost all had some neo-
cortical pathology. Future studies would be en-
hanced by including more subjects with earlier or
later pathologic PD stages (brainstem only or neo-
cortical, respectively), as well as considering temporal
cortex alongside other affected brain regions. In addi-
tion, more detailed clinical information, such as
Hoehn & Yahr PD stage and cognitive assessments,
would clarify the relationship of apoptotic signals to
clinical progression. Second, what cell types are re-
sponsible for the molecular changes in PD cortex?
The biochemical assays used do not discriminate
among a mixed population of cells (neurons, astro-
cytes, and microglia), and the finding of changes in
total protein levels (TNFRI, TRADD, Bid) could be
explained in part by altered proportions of cell types.
Although immunohistochemistry suggests a gradient
of Bid expression (neurons � astrocytes � micro-
glia), tBid would be the preferred marker to deter-
mine the cell type in which the pathway is maximally
activated. Related to the question of where the apo-
ptotic signal originates is whether there is even only a
single activated pathway. For example, neuronal apo-
ptosis might be dually triggered by extrinsic signals,
such as TNFRI ligands released during inflamma-
tion, and intrinsic signals, for example due to mis-
folded/aggregated �-synuclein. Finally, what is the
specificity of TNFRI-Bid signaling to PD pathology
compared to other common coexisting age-related
pathologies, such as Alzheimer disease (AD)? The au-
thors perform secondary analyses to suggest that co-
morbid AD pathology did not contribute

to their current findings; however, their prior work
indicates that TNFRI activation can be observed in
AD brains.6

With the availability of medical and surgical treat-
ments that delay disability associated with PD motor
symptoms, there is increasing need to develop simi-
larly effective therapies for common nonmotor man-
ifestations, including cognitive impairment and
dementia. Although much work remains, if TNFRI-
Bid signaling is indeed an early and pervasive cor-
relate of cortical degeneration and subsequent
cognitive deterioration in PD, this could potentially
yield an attractive target pathway for therapeutic
intervention.
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