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The Emerging Role of
Innate Immunity in
Alzheimer’s Disease

The amyloid cascade hypothesis is the
dominant model for Alzheimer's dis-
ease (AD) pathology and has guided
AD drug development strategies for
over two decades. The hypothesis
states that excessive cerebral accumu-
lation of β-amyloid plaques from
oligomerization of amyloid-β protein
(Aβ) drives a neurodegenerative cas-
cade, including generation of neurofi-
brillary tangles (NFTs) from tau
protein. NFTs are a hallmark pathol-
ogy for AD. Overwhelming genetic and
biochemical data support the primacy
of Aβ fibrillization pathways in AD
pathology. A landmark study by Choi
et al (2014) also recently confirmed
that β-amyloid generation leads to
NFTs in novel 3D human neuronal
cell culture models that recapitulate
AD pathologies (Choi et al, 2014).
However, the roles played by Aβ and
β-amyloid in the amyloid cascade
model has shifted markedly during
the last two decades. Initially, insoluble
β-amyloid plaques were viewed as
driving neurodegeneration. The key
species mediating AD pathology are
now thought to be soluble oligomeric
intermediates generated during Aβ
fibrillization. The near future may see

further substantial adjustments to the
amyloid cascade model if recent find-
ings of an antimicrobial function for
Aβ, and links between AD and innate
immune genes (Bertram and Tanzi,
2012) are confirmed. Importantly,
new innate immune models of AD
amyloidosis are likely to be of
considerable interest for ongoing and
future AD therapeutic efforts
(Figure 1).
In prevailing models of AD amyloi-

dogenesis, Aβ's propensity to oligo-
merize and generate β-amyloid is
viewed as an intrinsically abnormal
and exclusively pathological activity.
However, recent findings suggest Aβ
oligomerization may help protect the
brain from infection. Aβ shows potent
in vitro microbicidal activities against
human pathogens, consistent with
identity as an antimicrobial peptide
(Soscia et al, 2010). Aβ expression also

significantly increases survival of
transgenic mice in acute encephalitis
models (Kumar et al, 2016). Moreover,
fibrillization appears to mediate the
protective activities of Aβ in brain and
leads to the concentration and entrap-
ment of pathogens within β-amyloid
deposits (Kumar et al., 2016). Con-
firmation of a physiological role for
β-amyloid generation would shift the
modality of Aβ's pathophysiology from
abnormal stochastic behavior toward
dysregulated innate immune response.
This suggests a response to perceived
immunochallenge may mediate AD
amyloidosis. This may involve sterile
inflammatory stimuli, as with aseptic
inflammation diseases. Or alterna-
tively, AD amyloidosis may be driven
by subclinical chronic cerebral infec-
tion. It remains unclear if infection
precedes the establishment of the
amyloid cascade in AD brain.

Figure 1. Aβ oligomer pathways and potential targets for therapeutic intervention. Recent studies of
‘resilient’ brains with high senile plaque loads have shown β-amyloid alone is insufficient for AD
neurodegeneration. Neurofibrillary Tangles (NFTs) and neuroinflammation are also required. Shown
are oligomer-mediated pathways contributing to neurodegeneration in AD and potential points for
intervention (X). Possible approaches emerging from the antimicrobial peptide role of Aβ are
indicated (??) as well as established therapeutic strategies, including secretase modulators that
reduce the 42 amino acid Aβ isoforms (eg, GSM, NS-GSI, BSI), copper chelators (eg, PBT2), Aβ
oligomerization blockers (eg, PBT2, ELND005, NRM8499), immunotherapies aimed at antibody-
mediated clearance of Aβ (eg, Bapi, Sola), antioxidants that attenuate ROS-mediated inflammation
(eg, vitamin E, epigallo-catechine gallate, resveratrol), agents purported to be neuroprotective (eg,
dimebon), and drugs that inhibit tau aggregation and NTF generation (eg, rhodanine-based and
Phenylthiazolyl-hydrazide inhibitors).
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However, a large body of data has
accrued linking brain pathogens to
enhanced
β-amyloid deposition (Miklossy, 2011).
If an AD infection etiology is con-
firmed, patients could be given anti-
infectives to slow or halt the diseases
progression. Vaccination against AD-
linked pathogens may also provide
long-term protection. In any case,
independent of the involvement of
infection in AD etiology, the identifi-
cation of an antimicrobial function for
Aβ and emerging roles for innate
immune pathways in β-amyloid gen-
eration seem poised to take the amy-
loid cascade hypothesis in new
directions. Most importantly, these
new findings seem likely to reveal
much needed new therapeutic ap-
proaches for what has proven a highly
intractable disease.
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Pramipexole in
Treatment Resistant-
Depression, Possible
Role of Inflammatory
Cytokines

Anhedonia is one of the most
important predictors to developing
treatment-resistant depression. The
‘interest-activity’ symptom dimension
that includes loss of interest, dimin-
ished activity, and inability to make
decisions has been shown to predict
poor outcome of antidepressant treat-
ment in large prospective clinical
studies (Uher et al, 2012). Anhedonia
symptoms can be induced experimen-
tally in animals and humans by
inflammatory cytokines, including
interferon-alpha. Cytokines can affect
dopamine function in the basal
ganglia. Associations between altered
dopamine function and impaired
cortical-striatal reward circuitry are
found in patients with major depres-
sion who display increased peripheral
inflammatory markers and cytokines
that include IL-6, TNF-alpha, and CRP
(Felger and Miller, 2012). Anhedonia is
not unique to depression. As a trans-
diagnostic psychopathological domain
that appears in various psychiatric and
medical conditions, anhedonia may
receive pathogenic contributions from
common cellular immunity mechan-
isms that affect reward systems
(Swardfager et al, 2016). SSRIs and
other first-line antidepressants fail to
alleviate IFN–induced anxiety and
depressive symptoms. Traditional sti-
mulants that increase dopamine release
and methylphenidate that blocks its
reuptake have minimal effects on
fatigue and anhedonia in depressed
patients with inflammation-associated
medical conditions such as advanced
cancer. These findings suggest poten-
tial roles for cellular inflammation in
mediating the development of treat-
ment resistance to traditional antide-
pressants and stimulants, specifically
when fatigue and anhedonia persist. In
Parkinson’s disease, where depression
is common and anhedonia is a

prominent feature, L-Dopa and other
non-receptor specific dopamine ago-
nists display little efficacy in prevent-
ing
or treating depression. However,
pramipexole, a relatively selective D3
dopamine agonist has shown to
relieve depression in Parkinson’s
disease. Also, in chronic and severe
treatment-resistant depressed patients,
including bipolar disorder, pramipex-
ole at high doses has shown promising
response (Fawcett et al, 2016). The
selective expression of D3 receptors in
the mesolimbic projection areas in-
cluding the nucleus accumbens makes
this dopamine receptor a promising
target to overcome treatment-resistant
depression where anhedonia symp-
toms may be perpetuated by inflam-
matory cytokines, such as in severe
medical conditions with known in-
creased levels of inflammation. The
effects of pramipexole on brain im-
munological mechanisms are not fully
understood. However, recent data sug-
gest potentially important roles. Pra-
mipexole attenuates the development
of experimental autoimmune encepha-
lomyelitis in mice, an animal model for
multiple sclerosis (Lieberknecht et al,
2016). D3 receptors can be found in
CD4-positive T cells, which are in-
volved in the modulation of peripheral
immune responses and promote
neuro-inflammation in a murine mod-
el of Parkinson’s disease (Contreras
et al, 2016). Future studies in
treatment-resistant depression that
use D3-preferring and other dopamine
agonists should monitor inflammatory
markers as well as specific measures of
anhedonia to better understand the
role of inflammation in anhedonia and
treatment resistance.
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