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• Alzheimer‘s disease, dementias, brain and cognitive aging

• Disease mechanisms, risk factors, novel treatment approaches

• Methods: Animal models (mice and invertebrates), deep phenotyping, multi-omics, 
                      genetics, pharmacology, data science & AI  

Translational neuroscience in neurodegenerative disorders



AGING
major risk factor for neurodegenerative diseases…



What are genetic and environmental factors
that influence aging?



Lifespan vs. aging



Main cause of death in old mice: 
cancers (70-90%)

Lifespan vs. aging in mice



ASP: Age-Sensitive Phenotype Keshavarz et al., Mol Psychiatry, 2023
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Tools & methods

ASP: Age-Sensitive Phenotype



Add human

Models & cohorts
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Translating insights from aging biology to novel treatments for 
age-related brain disorders

Potential collaborative research topic



Senescent cells: drivers of multiple aging-associated pathologies



How to target senescent cells?



Immunotherapeutic targeting of 
senescent cells

Deng et al., Aging Cell, 2024



Deng et al., Cell Death Discov, 2024

Targeting senescent cells via CAR T cells



Develop targeted immunotherapies to eliminate senescent cells 
to address neurodegenerative diseases

Potential collaborative research topic



AGING
An intergenerational risk factor for disease?



Advanced paternal age: 
Intergenerational risk factor for 
neurodevelopmental disorders
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Aging-associated 
epigenetic changes in 

germline cells
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Xie, Ryan, Pearson et al., PNAS, 2018



Does paternal dietary restriction prevent 
intergenerational effects of advanced paternal age?
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Intermittent fasting (IF)
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Only ~10% reduction in calorie intake under IF
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Substantial body weight reduction under IF



Does paternal intermittent fasting prevent 
intergenerational effects of advanced paternal age?



Xie et al., Cell Metabolism, 2025

percentage of immotile sperm (Figures 3A–3E). However, IF
either failed to have significant effects on these measures or
aggravated the age effect (Figures 3B–3E). The acrosome reac-
tion is a crucial process by which the spermatid penetrates the
zona pellucida to fertilize the oocyte. Enzymes released from
the acrosome, such as acid phosphatase, may serve as proxies
for the fertilization capabilities of sperm.25 Our acid phosphatase
activity assay, carried out on sperm derived from young/old AL/
IF mice, did not reveal any age or IF effects when normalized to
sperm count (Figure 3F).
To be able to detect a possible modulation of age effects by

IF specifically in male germ cells, we also carried out total RNA-
seq analyses of sperm isolated from young (3-month-old) and
old (24-month-old) mice subjected to AL or IF (Figures 3G–
3K; Table S2). Consistent with the findings in whole testis
(described above), our analyses of sperm revealed a number
of age effects (Figure 3G; 111 differentially expressed genes,
FDR < 0.05), including altered expression of Cmklr2, Ugt1a1,
Afap1l1, Il7, Gzmk, and others (Figure 3H; Table S2). GO ana-
lyses of age-sensitive genes showed a significant enrichment
of defense response, response to stress, as well as immune-
related terms, among other GO terms (Table S2). Only one

gene showed a significant main effect of diet (Figure 3I;
Table S2), and only two genes showed a significant age 3
diet interaction (Figure 3J; Table S2). In conclusion, our ana-
lyses of total RNA-seq data derived from sperm showed a
considerable number of age effects but only minor influences
of IF.
Finally, we also asked if aging-associated DNA methylation

changes in sperm are prevented by long-term IF. To address
this question, we used the SureSelectXT target enrichment sys-
tem followed by bisulfite sequencing to broadly examine DNA
methylation across the genome of young (3-month-old) and old
(24-month-old) males subjected to either IF or AL treatment
(Figures 3L–3N; Table S2). These analyses revealed 124 regions
differentially methylated by age and 167 differentially methylated
by diet (FDR < 0.05). Although age- and diet-sensitive regions
were partially overlapping (Figure 3M; 11 regions; corresponding
to !8.9% of age-sensitive regions), age effects were not coun-
tered by fasting effects within these regions (Figure 3N). No
genomic intervals with a significant age 3 diet interaction were
identified (Figure 3M).
Taken together, these analyses indicated that IF had only mi-

nor influences on aging-associated changes in the male germ
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Figure 1. Intermittent fasting prevented aging-associated reductions in male reproductive success
(A) Proportion of young (4-month-old) vs. old (>23-month-old) C57BL/6Jmalemice that successfully sired offspringwhenmatedwith young (3-month-old) female

C57BL/6J mice; sample size corresponds to the number of mating pairs examined.

(B) Schematic illustrating experimental design for data shown in (C)–(E). ‘‘1-1 mating EOD’’ indicates that 1:1 matings were carried out every other day (on a

feeding day) to ensure that females were not subjected to food deprivation.

(C) Proportion of young (8months)/old (24months) IF/ad-libitum-fed (AL) C57BL/6Jmalemice that successfully sired offspring whenmatedwith young (3months)

female C57BL/6J mice exposed to AL. Sample size corresponds to the number of mating pairs examined.

(D and E) (D) Litter size and (E) sex distribution in F1 offspring sired by young (8 months)/old (24 months) IF/AL male C57BL/6J mice mated with young (3 months)

AL female C57BL/6Jmice. Sample size corresponds to number of F1 litters (D) or total number of F1 offspring animals (E) examined. (D) showsmeans ± SEMwith

individual data points superimposed.
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IF promoted mating behavior in aged male mice



IF boosts sexual behavior by limiting the central 
availability of tryptophan and serotonin

Xie et al., Cell Metabolism, 2025



Develop metabolic interventions to target clinical conditions 
associated with libido impairments

Potential collaborative research topic
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• Autism, schizophrenia, intellectual disabilities, learning 
disabilities, ADHD, epilepsy

• Disease mechanisms, risk factors, novel treatment 
approaches

• Methods: Mouse models, genetics, behavioral biology, 
omics, pharmacology, neurophysiology, data science & 
AI  
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Where and when do genetic and environmental risk factors 
act to cause neuropsychiatric disease?

Potential collaborative research topics

• Where in the brain? Which cell types?
• Which ontological stage?

Neuron

Review

Reversing Neurodevelopmental Disorders in Adults
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Abnormalities in brain development, thought to be irreversible in adults, have long been assumed to underlie
the neurological and psychiatric symptoms associated with neurodevelopmental disorders. Surprisingly,
a number of recent animal model studies of neurodevelopmental disorders demonstrate that reversing the
underlying molecular deficits can result in substantial improvements in function even if treatments are started
in adulthood. These findings mark a paradigmatic change in the way we understand and envision treating
neurodevelopmental disorders.

The term ‘‘neurodevelopmental disorders’’ encompasses a large
group of disorders that share the fact that disease onset is during
periods of ongoing maturation and development. These disor-
ders are often associated with complex neuropsychiatric
features including intellectual disability, specific learning disabil-
ities, ADHD, autism, and epilepsy, among others. Neurodevelop-
mental disorders are caused by a wide range of genetic muta-
tions and environmental factors (e.g., infections, immune
dysfunction, intoxication, endocrine and metabolic dysfunction,
nutritional factors, trauma, etc.). Heritability estimates indicate
that genetic factors play an important role in these disorders.
Although our review is focused on single-gene disorders, the
basic implications discussed may be more broadly relevant
and therefore applicable to neurodevelopmental disorders in
general.

The Traditional View
Neurodevelopmental disorders are thought to be caused by
changes in development, potentially involving alterations in
neurogenesis, cell migration, and neuronal connectivity that are
responsible for cognitive deficits in adults. Accordingly, abnor-
malities in brain structure, resulting from perturbed development,
are often associated with neurodevelopmental disorders. Addi-
tionally, development is an especially vulnerable period: insults
with a minor impact in adults can result in significant pathologies
when occurring during development. For example, absence of
serotonin1A receptor function in the forebrain during postnatal
development, but not in adulthood, results in anxiety-related
behavioral phenotypes in mice (Gross et al., 2002). Similarly,
maternal care during early postnatal periods has been shown to
influence hippocampal glucocorticoid receptor expression,
stress responsiveness, and behavior in the offspring via epige-
netic modulations that last into adulthood (Caldji et al., 1998;
Francis et al., 1999; Liu et al., 1997; Weaver et al., 2004). A recent
study with an animal model of schizophrenia (Li et al., 2007)
showed that a brief induction of a DISC1 mutant allele during
postnatal development, but not in adults, is sufficient to trigger
many of the phenotypes associated with this neurodevelopmen-

tal disorder (Weinberger, 1987). Clinical experience with endo-
crine and metabolic disorders also stresses the importance of
insults during vulnerable periods of development: hypothy-
roidism and phenylketonuria, for example, can lead to profound
and irreversible cognitive disability when left uncorrected during
developmental periods, while they appear to have milder effects
in adults (Davis and Tremont, 2007; Dugbartey, 1998; Hanley,
2004; Rovet and Daneman, 2003; Zoeller and Rovet, 2004).
Nevertheless, there are many other examples of pathologies
where the opposite is true: for example, trauma, infection, and
ischemia may have much of the same or even more dire effects
in adults than in developing organisms (Kolb et al., 2000;
Vannucci and Hagberg, 2004).

Many of the mutations that cause developmental disorders
disrupt gene(s) that are also expressed in the adult brain. Thus,
in addition to developmental effects on brain structure and func-
tion, it is possible that altered gene function in adulthood may
contribute to associated cognitive phenotypes. Accordingly,
a number of recent studies of animal models of neurodevelop-
mental disorders strongly suggest that adult disruption of gene
function makes a significant contribution to cognitive disability
and neurological dysfunction associated with these disorders.
These studies demonstrate that treating the disrupted molecular
and cellular mechanisms specifically in adults can result in
dramatic improvements in cognitive function. It is conceivable
that biochemical amelioration of the underlying genetic deficits
may allow robust molecular, cellular, structural, and behavioral
plasticity mechanisms in the adult brain to compensate for or
even correct specific developmental pathologies.

Adult Recovery of Cognition in Animal Models
of Neurodevelopmental Disorders
Recent studies using animal models of several single-gene devel-
opmental disorders provide compelling evidence that cognitive
deficits and neurological impairments associated with neurode-
velopmental disorders can be reversed, even if treatment is initi-
ated in adults (Table 1). For example, neurofibromatosis I (NF1) is
a complex developmental genetic disorder caused by mutations

950 Neuron 60, December 26, 2008 ª2008 Elsevier Inc.
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Where and when do genetic and environmental risk factors 
act to cause neuropsychiatric disease?

Potential collaborative research topics

What are late-life manifestations of neurodevelopmental disorders? 
How do neurodevelopmental factors predispose for the development of 

neurodegenerative diseases?
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