
Cellular senescence is a key driver of skin aging, one of the earliest and most visible 
manifestations of organismal aging1. At cellular level, one of the key markers is the 
abnormal nuclear morphology2,3. However, the subnuclear features are distributed 
randomly and difficult to quantify. Here we used vertically aligned nanopillar arrays to 
guide the  regular nuclear deformation for senescence cells differentiation. Then we 
correlated the patterns with key senescence markers at single cellular level. To further 
investigate the mechanisms that cause the abnormal nuclear morphology, systematic 
mutants were employed for further characterization.
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6. Summary

• Nanopillar is able to characterize the with different senescence models of skin aging, senescent cells with abnormal 
nuclear morphology have more line patterns and higher cell coherency level. 

• Cell coherency can be correlated with DNA methylation intensity at single cellular level in different senescence models.

• Systematic Lamin A mutants have similar nuclear morphology on flat surface but have different response on nanopillar.

• Mutations with permanent farnesyl have more line patterns and higher cell coherency, indicating that the permanent 
farnesyl is one of the key contributors to deteriorate the nuclear morphology.

• Mutants with permanent farnesyl prefers to accumulate more on line patterns. 

3. Nanopillar enabled quantitative differentiation of senescent 

skin cells across multiple models
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Senescent cells have higher coherency and more line patterns.

5. Permanent farnesylation results in more line patterns and the deterioration of the nuclear structures

Systematic Lamin mutants separate the farnesylation and cleavage sites6
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2. Nanopillar-induced nucleus deformation4,5
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At single cellular level, coherency is correlated with DNA methylation level.
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4. Nanopillar-guided subnuclear deformation patterns correlate 

with key senescence markers.

At overall population level, senescent cells have higher level of SA-β-Gal.
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LA L647R with permanent farnesyl have 
more line patterns and higher coherency.

Progerin with permanent farnesyl have more line patterns and higher coherency.
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level of DNA methylation.

Anti-Lamin A

Control

Progerin (PG)

Lamin A positive 
(LA+)

LA C661S

PG C661S

LA L647R

Anti-V5 Anti-Lamin A Anti-V5

Ring, line 
features

Ring features 
only

N
o

rm
al

iz
ed

 
D

N
A

 
m

et
h

yl
at

io
n

l L
ev

el

Negative + PG Cell coherency

R2=0.25
N

o
rm

al
iz

ed
 

D
N

A
 

m
et

h
yl

at
io

n
l L

ev
el

Negative + P16-INK4A Cell coherency

R2=0.30

NS. Non significant, * p<0.05, ** p<0.01*** p<0.001

Adapted from Zeng et al. Nano Lett. 2022
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