Linking mitochondrial and telomere damage in placental tissue:
TP53 and PPARGC1α as a central hub?
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INTRODUCTION
Observations from experimental studies have put forth a “core axis of ageing” involving telomeres, mitochondria, tumour protein P53 (TP53), and
peroxisome proliferator-activated receptor gamma coactivator 1 alpha (PPARGC1A). During its nine month lifespan, the human placenta captures
functional and genetic information, representing a ‘molecular footprint’ that reveals to which the foetus has been exposed to.

OBJECTIVE
In this study, we hypothesized that these hallmarks of ageing in placental tissue are interconnected and influenced by early-life ambient air pollution
exposure during pregnancy.

METHODS
• 615 mother-child pairs recruited from the East Limburg Hospital, Genk, Belgium from February 2010 to December 2016.
• Protein levels of TP53 and PPARGC1A were measured in cord plasma and telomere length and mitochondrial DNA (mtDNA) content in placental.
• Daily ambient particulate matter with a diameter less than 2.5 μm (PM2.5) was calculated for each participant’s home address using a spatialtemporal interpolation model in combination with a dispersion model.
• Linear regression models were applied while accounting for date of delivery, sex, gestational age, maternal BMI, maternal and paternal age,
ethnicity, month of delivery, parity, smoke status, maternal education and batch effects.

RESULTS
• PM2.5 exposure averaged (SD) 13.5 µg/m3 (2.5) over the entire pregnancy period.
• A 5-μg/m3 increment in PM2.5 exposure during the entire pregnancy
was associated with (FIGURE 1):

9.4% (95% CI: −3.8 to −14.7) shorter placental telomere length,

10.2% (95% CI: -0.4 to 22.0%) higher TP53 protein levels,

11.4% (95% CI: -4.1 to -17.7) lower placental mtDNA content.

• A 10% shorter telomere length was associated with (FIGURE 1):
 2.5% (95% CI: 0.1 to 5.1%) higher TP53 protein level
 -3.7% (95% CI: -2.0 to -5.4%) lower mtDNA content

• PPARGC1A protein levels were not associated with either PM2.5 exposure, telomere length, or mtDNA content.
• Assuming causality, telomere length mediated 8.7% (p = 0.07) of the negative association between PM2.5 exposure and mtDNA content.

CONCLUSION
Prenatal air pollution is associated with
candidate hallmarks of ageing (telomeres,
mitochondria, TP53) in placental tissue.
This is the first observational study
demonstrating some degree of
interconnectedness between master
regulators of the molecular circuit linking
PM-induced telomere damage and
compromised mitochondrial biogenesis.
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FIGURE 1. The air-pollution induced core axis of ageing hypothesis. Red and green lines indicate respectively a negative and positive association. Particulate
matter induces the formation reactive oxygen species (ROS) which leads to DNA damage, telomere shortening, (indirect) induction of TP53 protein expression,
and might have a direct effect on mitochondria. DNA damage and telomere shortening activates TP53 which can alter PPARGC1A - the master regulator of
mitochondrial - leading mitochondrial dysfunction and subsequent cell cycle arrest, senescence and apoptosis.
Figure adapted from Martens DS, et al. Curr Envir Health Rpt 2016;3:258-69.
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