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Transcription Factor as Therapeutic Targets for 
Neurodegenerative Disorders: An Update

Introduction
Neurodegeneration is colloquially used for progressive loss 

of structure or functions of neurons, including death of neurons. 
Neurons form the core of nervous system which includes brain 
and spinal cord. Neurons, being terminally differentiated cells 
can’t be replaced by the body when they get damaged or die. 
Neurodegenerative diseases such as Parkinson’s, Alzheimer’s and 
Huntington’s diseases are progressive neurodegenerative disorder 
and have symptomatic cure only which then leads to problems 
with body movement (ataxia) in Parkinson’s disease and cognitive 
function (dementia) in Alzheimer’s disease [1,2]. Transcription 
factors involved in pathogenesis of neurodegenerative disorders 
are now explored to develop therapy for these disorders in order to 
halt progressive loss of neurons [3]. 

Transcription Factors as Potential Target in Parkinson’s 
Disease

After decades of research on Parkinson’s disease, researchers 
have generated rich and complex knowledge. We now know that 
dynamic changes in genome is linked with Parkinson’s disease, 
foundation of which was set by discovery of mutations, which 
promote programmed death of dopaminergic neurons [4-13]. 
Saha et al. [14], in their study have reported that over-expression 
of wild type or mutant α-synuclein in cultured neurons causes 
apoptosis and increases sensitivity to apoptotic cell death [14]. 
Martin et al. [15] and Smith et al. [16] have reported that A53T 
mutant α-synuclein mice have markers of apoptosis in neocortex, 
brainstem, and spinal cord [15,16]. Similarly, mutations in DJ-1 
increases oxidative stress induced apoptotic cell death, while 
pathogenic mutation or knockdown of DJ-1 makes cells hyper  

 
sensitive to apoptosis [17-20]. Mutation or depletion of PINK1 
sensitizes cells towards apoptotic cell death [21,22].

Dopaminergic neurons have defects in normal regulatory circuit 
which governs their physiology. There are numerous regulators that 
are found to govern these neurons. Complexity of these regulators 
provokes various questions; such as how many regulators must be 
disrupted for developing Parkinson’s disease and which of these 
regulators are affected by external signals that dopaminergic 
neurons receive. Can the large variety of genes associated with 
Parkinson’s disease be tied to small regulatory circuits? 

It has been suggested by researchers after generating 
vast knowledge on Parkinsonism that Parkinson’s disease is 
manifestation of alterations in regulation of transcription factor 
controlling inflammation and survival of neurons. In this review, 
key transcription factors and their functional importance in the 
prognosis of PD have been discussed.

NF-κB and Parkinson’s Disease 
Inflammatory mediators involved in inflammation and 

degeneration of dopaminergic neurons and their expression in 
microglia are regulated by NF-κB. Studies have shown that gene 
expression of many of proinflammatory responses is controlled 
by transcription factor NF-κB. Researchers have described NF-κB 
as a “master switch” for gene expression of various inflammatory 
mediators [23]. 

Classical or canonical and the alternate or non-canonical 
pathways are two major pathways of NF-κB activation. Production 
of pro-inflammatory mediators is regulated by classical pathway 
[24]. Classical pathway is mediated through activation of Rel 
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protein dimers p50 and p65, complexed with inhibitory IκBα in 
the cytosol. Activation of the classical NF-κB pathway depends on 
phosphorylation, ubiquitination, and subsequent proteasomal 
degradation of IκBα. IκB kinase (IKK) is a molecular complex of 
three proteins and consists of heterodimers of IKKα and IKKβ, along 
with IKKγ (NF-κB essential modulator, NEMO). This IκB kinase then 
phosphorylates IκBα on serine residue. IKK activation in response 
to inflammatory mediators such as TNFα, IL-1β, and LPS depends 
on IKKγ (NEMO) subunit of the IKK complex 88 results in IκB 
phosphorylation by IKKβ.

Researchers have found that canonical pathway of NF-κB is 
highly activated during degeneration of dopaminergic neurons in 
substantia nigra of brains of patients suffering from Parkinson’s 

disease. Thus, constitutive up regulation of canonical pathway of 
transcription factor NF-κB in substantia nigra leads to neuronal 
cell death via apoptotic cell death pathway by Figure 1 [25-27]. 
Induction of p53 causes activation of NF-κB which correlates with 
the ability of p53 to induce apoptosis. Inhibition or loss of NF-κB 
activity abrogates p53 induced apoptosis which suggests that NF-
κB is essential for p53 mediated apoptosis [28]. Classical pathway 
of NF-κB also promotes apoptotic proteins such as BCL2, FLIP and 
Caspases which then take neurons towards programmed cell death. 

STAT3 and Parkinson’s Disease
Transient activation of STAT3 promotes inflammation while its 

prolonged activation has anti-inflammatory effect (Figure 1). 

Figure 1: Canonical/Classical Pathway of NF-κB Activation leads towards Apoptotic Cell Death.

Activation of STAT3 in inflamed microglia takes dopaminergic 
neurons towards programmed cell death or apoptotic pathway 
through transcriptional activation of cell death mediating genes 
such as Bcl-xL, caspases, Fas and trail along with genes regulating 
cell cycle progression, such as p21waf1.Thus, the activation of 

microglia by STAT 3 causes functional changes such as dopaminergic 
neuron attenuation in an IL-1-dependent manner as a result of 
autophagocytosis and results in PD-like behavioural impairment 
[29-31] (Figure 2).

Figure 2: Pro-inflammatory response of Transient activation of STAT 3 pathway.
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TGF-β and Parkinson’s disease
TGF-β1 is a multifunctional cytokine which regulates growth, 

differentiation, and functions of immune and nonimmune cells. 
Researchers have shown that TGF-β1 is a potent negative regulator 
of inflammation [32,33]. 

TGF-β has neuroprotective effect also. It exerts its 
neuroprotective effect by promoting phosphorylation of Bad, a pro-
apoptotic protein of the Bcl-2 family, through activation of the Erk/
MAP kinase pathway [34]. This neuroprotective effect of TGF-β is 
inhibited in Parkinson’s disease by SMAD7, which is activated by 
either NF-κB pathway or STAT1 pathway in microglia [35]. 

Transcription Factors as Potential Target in Alzheimer’s 
Disease

Alzheimer’s disease (AD) is a neurodegenerative disorder 
conjoined with increase in age and is commonest form of dementia 
in venerable people. Though exact cause of Alzheimer’s disease 
is not yet known, increasing amount of evidences from genetic, 
pathological, and functional studies suggest that accumulation of 
amyloid-β (Aβ) peptide in the senescent brain [2,36]. Aggregation of 

soluble Aβ oligomers is the precursor to amyloid plaque formation 
which then set off numerous pathophysiological developments 
which in due course escort to cognitive dysfunction [37].

AD is the sixth leading cause of all deaths in developed 
countries. Number of deaths attributed to AD has increased 
drastically in recent years, while other major causes of death are 
decreasing rapidly. Along with that AD is one of the costliest disease 
for the society [38,39]. Exact molecular mechanism of AD is not yet 
fully known, however researchers think that several factors and 
their interactions are involved in the pathogenesis of PD [40-42]. 
Therefore, advance research to elucidate mechanism of AD is of 
great importance. Researchers have identified several transcription 
factors such as Stat 1 which are active in AD.

STAT1 and Alzheimer’s Disease
Signal transducer and activator of transcription-1 (STAT1) 

plays key role in inflammation and the innate immune response; 
however exact role of STAT 1 in CNS not clearly understood. 
Researchers have examined the role of STAT1 in spatial learning 
and memory, and studied its regulation of memory-impairing effect 
of amyloid-beta (Ab) [43].

Figure 3: Memory impairment in Alzheimer’s disease through STAT 1 pathway.

It has been suggested that increased expression of STAT1 along 
with Laminin B1 impairs spatial learning and memory induced by 
Ab protein which is reversed by complete knockdown of STAT1 
(Figure 3). In their 2014 study Hsu WL et al. [43] have shown that 
spatial learning and memory are negatively regulated by STAT1 
through its regulation of LB1 expression. They have also suggested 
a new mechanism for Ab pathogenesis which is mediated through 
STAT1 [43]. 

NF-κB and Alzheimer’s Disease

NF-κB and Early Alzheimer’s Disease: Ab peptide is 
accumulated intracellular in people vulnerable to Alzheimer’s 
disease such as such as aged people or people exposed to oxidative/
metabolic stressors/toxins/trauma in neural and glial cells. 
Accumulation of Ab protein is associated with decrease in cognitive 
abilities.

Increased intracellular Ca++ is observed in neurons having 
Ab deposition, which then propels NF-κB signaling and ensues 
release of reactive oxygen species (ROS) as well as transactivation 
of neurotrophins such as nerve growth factor (NGF) and anti-
apoptotic genes such as Bcl-2 [44]. 

Ab peptides stimulate NF-κB activation in resting microglial 
cells before plaque formation in neurons. Ab peptides also promote 
NF-κB mediated transactivation of neurotrophic factors such as 
NGF and brain derived nerve factor (BDNF) and that leads to glial 
cell activation. These glial cells then secrete TNF-α which expedites 
ROS inhibition [45-48], thus the collective effect of NF-κB in early 
AD shifts in favor of neuroprotection.

NF-κB and advanced Alzheimer’s disease

Sustained extracellular accumulation of Ab peptides and tau 
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aggregates increases intracellular Ca++ and leads to activation of 
NF-κB. This vivification of NF-κB then amplifies burden of oxidative 
stress through release of ROS and release of nitric oxide (NO) 
by induced nitric oxide synthase (iNOS) in neuronal cells with 
simultaneous activation of microglial cells [49].

NF-κB also up-regulates production of excitotoxic glutamate, 
inflammatory cytokines and oxidative stress in both glial and neural 
cells which ultimately leads to neuronal damage. Enthused by Ab 
deposits, NF-κB mediated oxidative stress through free radicals 
and inflammatory cytokines are also up-regulated in adjoining 
astrocytes. Unrelenting aggregation of deposits leads to a positive 
feedback loop between activated glia and astrocytes and neuronal 
cells which ultimately causes synaptic dysfunction, cell death, and 
persistent AD [50,51].

Transcription Factors as potential target in Huntington’s 
disease 

Huntington’s disease (HD) is a familial neurological disorder of 
CNS which causes progressive degeneration of striatal cells in the 

brain [3]. Primarily HD is caused by expansion of codon cytosine-
adenine-guanine which encodes additional glutamine residues in 
huntingtin (Htt) protein [52]. 

NRF-2 Keap 1 and Huntington’s disease
Although, there are several mechanisms through which HD may 

progress, there is enough credence for the role of oxidative stress in 
pathogenesis of HD. 

Neurons have a significant cellular defense system against 
oxidative stress induced toxicity in the form of nuclear factor 
erythroid-2-related factor 2 (Nrf2) signaling path way which is a 
key signaling pathway in the detoxification of ROS. 

In general, Nrf2 is present in the cytoplasm, bound with Kelch-
like ECH-associated protein1 (Keap1). During oxidative stress, this 
Keap1-Nrf2 complex gets distressed and Nrf2 gets segregated from 
the complex and enters the nucleus and consequently binds to the 
antioxidant response elements (ARE) of the phase II genes, and 
increases its rate of transcription as a resistance system against 
oxidative stress (Figure 4) [53-55]. 

Figure 4: Role of NRF2/KEAP-1 pathway in oxidative stress.

Genes regulated by Nrf2 include phase II detoxification 
enzymes, along with array of regulators, together with the enzymes 
NAD(P)H quinone oxidase 1 (NQO1) and heme oxygenase-1 (HO-1). 
Enzyme NQO1 has neuroprotective effect against oxidative damage 
by reducing highly reactive quinones to less reactive hydroquinone 
[56,57]. 

During the pathogenesis of HD, this pathway is down-regulated, 
due to which scavenging of free radicals takes a hit and results in 
increased oxidative stress in neurons. However, exact mechanism of 
down-regulation of this pathway is yet to be elucidated.

Conclusion and Future Prospects
The neurodegenerative disorders are constantly on the 

rise worldwide. Various strategies are planned and focused 
by the researcher in understanding and management of the 

neurodegenerative disorders. The pharmacological basis of 
treatment for such neurological disorders progresses to great 
extents but permanent cure for these diseases are not much 
available. The pathological changes and the molecular targets such 
as involvement of various latent and active transcription factors are 
the current area of research for such neurodegenerative. So there is 
need to focus the research on to target transcription factors so that 
the better understanding of these diseases and their management 
come to cure neurodegenerative disorders permanently. 
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