Aging, sperm proteome, and neurodegenerative diseases: incidental observations or a little
bit more than meets the eye?
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Aging associated wellbeing is of considerable importance due to the increasing aging population
with related health issues including fertility problems and neurodegenerative diseases such as
Alzheimer’s and Parkinson’s diseases. Alzheimer’s disease involves amyloid plague accumulation
and synaptic pathology, while Parkinson's disease is characterized by the presence of pathological
intracellular misfolded a-synuclein aggregates in the aging brain. The clinical signs of these
neurological diseases are manifested later in life, but the underlying indicators that might be
present much earlier remain unknown. Understanding the underlying pathobiological mechanisms
of age-related diseases is crucial for addressing health challenges in the aging human population.
Our recent investigations on human semen proteome revealed deregulation of several proteins and
pathways that are potentially associated with neurodegenerative disorders. Briefly, we examined
semen samples from healthy fertile Arab/Saudi men across three age groups: a Young Adult group
(21-30 years, n=6), a Late Adult group (31-40 years, n=7), and an Advanced Age group (40-51
years, n=5). The semen samples were centrifuged to separate seminal plasma and spermatozoa.
Following separation, the spermatozoa were gradient purified, and both spermatozoa and seminal
plasma were subjected to LC-MS/MS proteomic analysis. Total detected proteins were filtered for
altered proteins among the groups and enriched annotations (ontologies and pathways) of
differentially expressed proteins (>2-fold change) were analyzed. A total of 595 and 463 proteins,
respectively, were identified in the spermatozoa and seminal plasma of the three age groups. Of
these, 287 and 116 proteins were differentially expressed in spermatozoa and seminal plasma,
respectively, in Advanced Age group compared to Young Adult group. In addition to sperm
function-related processes, the functional and pathway analysis of these differentially expressed
proteins indicated enrichment of pathways for neurodegenerative diseases such as Alzheimer’s
disease-presenilin pathway, Parkinson’s disease pathway, Wnt signaling pathway, and
Huntington’s disease pathway. Specifically, in the Advanced Age group the differential changes
were observed in the expression of Wnt2, ACTRT3, ACTA1, ACTB, ACTBL2, ACTG1, ACTG2,
MMP7, PSMA3, PSMA5, PSMA6, PSMA7, PSMB1, PSMB3, PSMB4, PSMB7, PKLR,
HSPALA, HSPA1L, HSPA2, HSPA5, HSPA6, HSPAS8, SEPTIN4, YWHAQ, DYNLL, AR4,
TUBB1, TUBB8, GAPDH, CAPNS1, and RACL1. Wnt signaling is a prominent pathway required



for synaptic plasticity and maintenance in adult brain and is deregulated in aging brain and
Alzheimer’s disease. Similarly, the other differentially expressed proteins have been associated
with the molecular portraits of the pathogenesis of Alzheimer’s, Parkinson’s, and Huntington’s
diseases. These interesting preliminary observations in the age-related proteomic profile of
spermatozoa and seminal plasma made us wonder if there is any underlying consequential
relationship with pathophysiology of neurodegenerative disorders. However, the fact that these
might be incidental observations of overlapping proteomic pathways of sperm fertility and
neurodevelopmental/degenerative pathways cannot be overlooked. Further studies in this area
might help clarify this conundrum.
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