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Failure In Rejuvenation of Aging Neurons May 
Be a Common Cause for Senile Dementias 

Senile dementias, mainly late-onset sporadic Alzheimer’s 
disease, are an increasing socioeconomic burden worldwide. All 
those dementias are characterized by chronic neurodegeneration 
without significant symptoms. Thus, upon the diagnosis, they 
are often irreversible. Despite of decades’ intensive research, 
their cause is still unclear. Recent investigations begin to ask 
whether abnormal neuronal aging is a possible cause for chronic 
neurodegeneration. Recent studies have suggested that new 
neurons in certain brain areas could be generated from stem 
cells. However, majority neurons are considered non-proliferative, 
and thus, cannot be replaced through cell division. Therefore, 
healing or rejuvenation of stressed neurons during aging is vital 
for maintenance of brains’ functionality up to old age. Mounting 
evidence supports that senile dementias may result from either 
accelerated aging process or impairment in rejuvenation of aged 
neurons [1-5]. Several mechanisms have been identified in neurons, 
which may rejuvenate stressed neurons.

Those include repair of aging-associated DNA damage, 
autophagic digestion of damaged or old neuronal proteins, and 
glymphatic drainage of abnormal neuron-associated proteins/
wastes such as degraded amyloid peptides [6-10]. In fact, linkages 
between defects in those mechanisms and senile dementias, 
especially late-onset sporadic Alzheimer’s have been either 
partially demonstrated in several animal models, or statistically 
established by clinical observations. Both type of Alzheimer’s 
disease, i.e. familial early-onset or sporadic late-onset, show the 
same characteristics (i.e. tauopathy and amyloid plaques). While 
structural alteration of those proteins due to mutations in genes 
such as APP and MAPT has been blamed for early-onset type, it is 
still a puzzle for late-onset type, in which APP or MAPT, or genes 
related to their process are normal.

Single rejuvenation mechanism such as has been linked to 
Alzheimer’s or related dementias, but so far animal models with 
deficiency in one mechanism (e.g. autophagy or glymphatic) do 
not develop any Alzheimer’s like symptoms in normal mice. On the 
other hand, the deficiency indeed accelerates Alzheimer’s symptom 
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in mutant human APP or MAPT transgenes. Those results are not 
only encouraging, but also raise a possibility that deficiencies in 
multiple rejuvenation mechanisms may be required to cause senile 
dementia or Alzheimer’s disease even without mutations. What 
would cause deficiency in multiple rejuvenation mechanisms? One 
potential scenario is that an up-stream regulatory factor may govern 
overall neuronal rejuvenations, and thus, the regulation deficiency 
may impair all or multiple neuronal rejuvenation mechanisms.

Does Unrepaired DNA Double-Strand 
Breaks (DSB) In Aged Neurons Impair Their 
Rejuvenation? 

Like any cells, accumulation of oxidative damages in various 
biomolecules is an essential part of neuronal aging [11,12]. 
Increasing DNA damage with age has been reported in the brains 
of the mouse, rat, gerbil, rabbit, dog, and human [13-16]. We 
have shown a sudden oxidative damages surge in the cortical/
hippocampal neurons at middle age in mice (40 weeks ≈ human 
46 years). Importantly, the surge of oxidative damage was absent 
in any glial cells, or in other organs [17,18]. Interestingly, surge of 
DNA damages or associated genes in brains has also been described 
in humans [13,15,16,19,20]. Oxidative damages of DNA i.e. AP 
(apurinic/apyrimidinic) lesions cause DNA double-strand breaks 
(DSB). Those DSBs must be repaired immediately. Otherwise, 
accumulated DSBs would trigger genomic instability, which 
incapacitates stressed neurons to function normal or induces 
immature death.

Several studies have reported accumulation of DSBs 
in Alzheimer’s brains [1,2,21-25]. Although it needs to be 
demonstrated when DSBs start to buildup in humans, it is less 

doubtful that accumulated DSBs would initiate a chronic path to 
neuronal malfunction, neurodegeneration and eventually dementia 
at old age. If it is proven, middle age, when long before onset of 
dementia symptom or significant pathological changes, may be a 
critical time window for early diagnosis or intervention of senile 
dementia long before irreversible neuron loss. In fact, DSBs-related 
genomic instability in neurons has been postulated as a potential 
cause for late-onset Alzheimer’s disease. Two different possible 
pathways may lead to accumulation of DSBs in neurons: 

a.	 abnormally accelerated generation of DSB, or

b.	 failure in DSB repair. However, our study demonstrated 
that failure in DSB repair may be a major reason for DSB 
accumulation in neurons after middle age, at least in mice [17]. DSB 
repair mechanisms have been well elucidated, and ubiquitously 
exist in any types of cells. Thus, it is likely that the failure in DBS 
repair is not due to repair mechanism itself, but rather by neuron-
special upstream regulative element. Which molecules or pathways 
regulate or initiate DSB repair in oxidatively stressed neurons? 

 Interleukin33-ST2-Nfkb Axis Is Required for Initiating DSB 
Repair in Neurons 

Interleukin33 (IL33) is a member of the interleukin1 cytokine 
family [26]. After cleavage of original IL33 in nuclei (nIL33), a 
mature cytokine domain (cIL33) is released (Figure 1). Through 
binding to its receptor ST2 on target cells, IL33 triggers activation 
of NFκB transcription pathway [27]. Soon after its discovery, IL33 
was considered a cytokine or alarmin in immune regulation and/
or immune response. However, constitutive expression of IL33 in 
a wide range of tissues or cells such as the brain implies its roles 
beyond immune system [28-31].

Figure 1: Lou Deficiency in Regulation of DNA Damage Repair in Neurons May Open Long Path at Middle Age to Dementias at Old Age.

It was found to participate in the injury healing in central 
nervous system, other diseases such as cardiovascular diseases, 
and tissue modification [32-35]. IL33 has been genetically linked to 
human Alzheimer’s disease and shows a beneficial effect in a mouse 
Alzheimer’s model [36,37]. Our previous study has demonstrated 
the role of IL33 in tissue homeostasis in ovaries [38]. Importantly, 
we also found an unusually high level of IL33 proteins in astrocytes. 
Up to surprisingly 75% of astrocytes in some brain areas contain 
nIL33 at old age, and cIL33 is constantly release in brains [17]. On 
the other hand, we detected expression of ST2, as well activation of 
NFκB pathway in neurons in NFκB/luciferase reporter transgenic 
mice (unpublished data). Thus, an IL33-ST2-NFκB axis exits 

between astrocyte and neurons in brains (Figure 1). Several studies 
on Alzheimer’s disease supported an IL33-ST2-NFκB axis in human 
brains. IL33-NFκB axis has been detected in brains of human 
Alzheimer’s disease [39].

We have tested IL33 function in brain. Using IL33 deficient 
(Il33-/-) mice, we found that astrocyte IL33 is critical for 
controlling sudden oxidative damages at middle age in neurons, 
and its deficiency in mice caused abnormal tau deposition 
and late-onset neurodegeneration in the cerebral cortex and 
hippocampus, followed by cognition and memory impairment 
at old age [17,18]. Our recent preliminary data showed that IL33 
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deficiency leads to generation of amyloid plaques in human wild 
type APP transgenic mice. The above results raise a possibility that 
astrocyte IL33 may be the upstream regulatory factor that governs 
overall neuronal rejuvenation. Our studies seem having partially 
answered the question. First, IL33-deficiecy in mice causes a rapid 
accumulation of DSBs in neurons after the oxidative damage surge 
at middle age. Second, IL33-deficiency impairs DSB repair de 
nova. Thus, IL33-ST2-NFκB axis is vital for up-regulation of DSB 
repair in neurons. Involvement of NFκB pathway in DSB repair in 
various tissues including aged brains has been reported [40-42]. 
Neuroinflammation has recently been considered as a cause or a 
promotor for Alzheimer’s disease or related dementia. However, 
it is unlikely that IL33 is involved in dementia through promoting 
neuroinflammation in our model.

Dysfunction Of Interleukin33-ST2-Nfkb Axis Impair Neuronal 
Rejuvenation 

Our study has shown that IL33 deficiency impairs initiation 
of DSB repair. The next question is whether IL33-ST2-NFκB 
axis also controls other rejuvenation mechanisms in stressed 
neurons simultaneously? Beyond this possibility, another one is 
that accumulation of unrepaired DSB causes genomic instability 
that interrupts normal neuronal function as well all or some 
rejuvenation mechanisms. This question remains to be answer. 
How to answer this question? We believe that IL33 deficient mice 
is model to facilitate our effort to answer the question with the 
following reasons. First, IL33 deficient mice causes dysfunction 
in two other important rejuvenation mechanisms: autophagy and 
glymphatic drainage. Second, defects in those mechanisms have 
been linked to Alzheimer’s or related dementias.

Thus, IL33-deficient mice develop chronic neurodegenerative 
diseases, following a similar course to, and shares hallmarks with 
sporadic Alzheimer’s disease: massive synapse and neurite loss 
in the cortex and hippocampus after middle age, abnormal tau 
deposition in neurons and chronic neurodegeneration, and finally 

cognition impairment and memory loss at late life after a long 
asymptomatic period [17]. Third, although two types of Alzheimer’s 
diseases in humans display similar pathological characteristics 
(i.e. tau deposition and amyloid plaques), sporadic late on-set 
type is unrelated to genomic mutation. From this point of view, 
neurodegenerative disease in IL33-deificent mice mimics late 
onset type better than other mutation-based Alzheimer’s models. It 
needs to emphasize that late-onset type, but not early onset one, is 
among age-related dementias.

Thus, this model may be used to answer the question if IL33-
ST2-NFκB axis also controls other rejuvenation mechanisms. One 
may argue that IL33 deficient mice do not develop amyloid plaques, 
one of the most important hallmarks of Alzheimer’s disease. 
In fact, unlike humans or other species, murine APP gene lacks 
structural base for formation of plaques [43]. However, abnormal 
tau deposition in IL33-deficienct brains may have indicated that a 
lack of neuronal rejuvenation has created an internal environment 
that promotes protein denaturation, accumulation and aggregation. 
We have shown that reduced glymphatic drainage in IL33 deficient 
mice accelerates abnormal tau accumulation in brains [44]. Our 
recent preliminary data showed accumulation of amyloid plaque in 
IL33 deficient mice transgened with human wild type APP.

 Conclusive Remark
Recent studies including ours have given the following potential 

scenario for development of senile or age-related dementias 
by deficiency of IL33-NFκB axis in neurons (Fig. 2). In normal 
individuals, immediate repair of DSBs during oxidative surge 
ensures normal rejuvenation process for stressed neurons toward 
a full recovery. On the other hand, accumulation of unrepaired 
DSBs due to IL33-NFκB deficiency disrupts some or all subsequent 
rejuvenation mechanisms. Massive DSBs should otherwise have 
induced apoptosis in any other types of cells, but not in those 
neurons [17] (Figure 2).

Figure 2: Lou Deficiency in Regulation of DNA Damage Repair in Neurons May Open Long Path at Middle Age to Dementias at Old Age.
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It raises an interesting question why neurons with massive 
DSBs due to failed DSB repair mechanism do not go to apoptosis, or, 
how they can survive for a long time? In fact, it also is a question for 
human Alzheimer’s disease why do neurons avoid rapid apoptotic 
death despite of many DSBs? We have not had a full answer yet for 
it. Our recent study in IL33 deficiency model revealed a strong re-
expression of apoptosome protein Apaf1, which has been silenced 
in mature neurons, after oxidative damage surge together with 
expression of several pro- and anti-apoptotic genes. It suggests 
a death and life struggle by stressed neurons. Complicated 
interactions among those proteins may avoid apoptosis in neurons 
but with a significant price, i.e. loss of their functionality by 
shrinking or withdrawing neurites and synapse as seen in early 
stage of Alzheimer’s in humans and middle aged IL33 deficient mice 
[17]. Since those neurons never recover, they eventually undergo 
chronic death or losing all functions.
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