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Cerium oxide nanoparticles (nanoceria, CNPs) are biocompatible multifunctional nanozymes, possessing unconventional 
intrinsic ROS scavenging abilities, mimicking superoxide-dismutase and catalase activity through a self-regenerating, 
energy-free redox cycle driven by Ce3+/4+ valence switch4,5. Nanoceria also possesses good UV-absorbing activity, 
independent from its redox cycle4, which render it an ideal bi-functional sunshield. In a principle study, we demonstrated that 
nanoceria protects Jurkat cells (immortalized T lymphocytes) from UV induced damage through its antioxidant activity, even 
counteracting the pro-oxidant effects of irradiated nanotitania and the consequent cytotoxicity6.

Cerium oxide nanoparticles

Despite the widely use of sun lotions, the rate of UV-caused skin cancer continues to rise and remains a global health concern. In fact, UV rays damage 
DNA both directly and via oxidative stress1. Modern sunscreens mostly exploit the efficient UV-shielding properties of inorganic nanomaterials such as 
titanium dioxide nanoparticles (nanotitania, TNPs), which absorb and dissipate the UV-derived energy through a pro-oxidant photocatalytic reaction. 
This allows stable activity but also creates extra-reactive oxygen species (ROS)2. This side-effect is safe for intact skin because the stratum corneum 
blocks the penetration of both ROS and nanoparticles (NPs). However, when the stratum corneum barrier is lesioned, nanotitania can reach the derma 
and, upon UV-irradiation, oxidatively damage skin cells3. Notably, oxidative protection in sun lotions is still unsolved due to the instability of commonly 
used molecular antioxidants that cannot be recycled once oxidized by UV. 
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We developed a nanoceria-based topical formulation and tested its photoprotective effect on skin explants, derived from healthy donors. 
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Nanoceria based-topical formulation protects skin explants from UV induced cellular damage
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✓Nanoceria acts as a sunscreen for preventing/mitigating 
UV induced skin cancer onset and progression

✓  Nanoceria is a safe and multifunctional photoprotective agent that counteracts the pro-
mutagenic effect of UV rays primarily though its antioxidant activity

✓ A dual nanoceria + nanotitania preparation would be a 
successful solution for protection against UV rays on 
both normal and compromised skinC
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We tested the protective effect of nanoceria vs. nanotitania on human skin cells, i.e., the real biological target of UV rays, in a system where the direct NP-cell 
contact mimics the exposure of damaged skin7.

Nanoceria protects skin cells from UVB induced damage 7
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Nanoceria counteracts
the cytotoxic effect of  

UVA irradiated nanotitania 7

Nanotitania enhances the toxic effect of UVA 
radiation 

Nanoceria scavenges the ROS produced by the 
photocatalytic activity of irradiated nanotitania

 
Nanoceria, when administered alone, protects cells 

against the cytotoxic effect of UVA

PNRR-MCNT2-2023-12377496

0

1

2

3

4

5

0 1 2 3 4 5 6 7 8 9 10

V
ia

b
le

 c
e

lls
 (

fo
ld

 in
cr

e
as

e
)

Days after UVB

UVB UVB CNPsCTRL CNP

Nanoceria contrasts UVB induced 
cytotoxicity 

Nanoceria reduces 
UVB induced DNA 

damage 

Nanoceria prevents
UVB induced 
mutagenesis

Pr
im

ar
y 

ke
ra

ti
no

cy
te

s
(f

ro
m

 h
ea

lt
hy

 d
on

or
s)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

D
N

A
 d

am
ag

e
(f

o
ld

in
cr

e
as

e
) *

- CNPs

CTRL

- CNPs

1h UVB

Alkaline comet assay
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The presented results were confirmed in metastatic melanoma cells
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