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tFNAs , as a promising nanomaterial, demonstrate significant potential in both wellness and beauty industry. But this technology 

also has quite a few constraints to overcome, e.g., production, safety, regulatory, etc. Shiseido CIC appreciate Trautec embrace 

this challenge. And sincerely congratulate Trautec on tFNAs R&D progress and Blue Paper published! As a top beauty and 

wellness global group, we are also looking forward to research deepening and technology advancement on tFNAs, especially 

efficacy and safety. In coming future, tFNAs will play a more and more important role on biomedicine and personal care, even from 

global wise, with joint efforts from different industries.

——Shiseido China CIO Araki Hidefumi
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tFNA is a nano high-tech material highly anticipated for use as a platform technology that can enhance efficacy not only in 

biomedicine and disease diagnosis but also in cosmetics, which are close to our daily lives. TrauTEC deserves credit for achieving 

the commercial production of tFNA, which is challenging to synthesize. We appreciate TrauTEC's efforts in pioneering an uncharted 

path for its first application in the cosmetics field, leading safety and efficacy tests, and sharing the process and results with the 

industry through the publication of the bluebook. We hope that Cosmax, the world’s leading OBM/ODM company, propagates 

various high-efficacy materials developed based on tFNA into cosmetics, and that we collaborate to create beauty worldwide.

——COSMAX China R&I/ BCT Director Kim Youngheui

In 2023, we finally got big criteria of aging 12 hall marks. The change will make the game of sailing for future healthcare and beauty 

care in the point of aging. Last 25 years we got technology of peptides and made innovation of healthcare and especially of beauty 

care. And pandemic experience realized Nucleotides technology for healthcare. Trautec, here, starts next innovative technology of 

nucleotides, called tFNAs. This challenge will open the world for next 25 years healthcare, beauty care revolution. tFNAs has 

multifunction, such as drug delivery, injective tissue remodeling and also topical anti-aging property by itself. This high potential bio-

material will be a key technology for coming hyper-personalized healthcare with AI and wearable monitoring system. Here Sincerely 

congratulate Trautec new innovation and expect continuous challenge to realize tFNA technologies in various life scene.

—— Naturelab Japan R&D senior manager Atsushi Takeoka

Allergan

tFNAs

tFNAs

tFNAs

— Tony Wang
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19 80 · Albrecht Kossel

1889
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DNA
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DNA
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1.4.1 DNA
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DNA RNA
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DNA DNA DNA
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DNA DNA
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RNA
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DNA RNA Liu
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16S RNA

Peptide Nucleic Acid PNA DNA RNA Peter E. Nielsen
Michael Egholm Rolf H. Berg Risø Ole Buchardt 1991 

1.4.3 
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DNA RNA
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Morpholino PMO Morpholino
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DNA Morpholino RNA
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RNA RNA
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tFNA therapeutic tFNA
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HDFs tFNA tFNA

2022 tFNA BiRDS bioswitchable miR
inhibitor delivery system miRNA “ ” miRNA

58 “ ” miRNA
BiRDS miRNA tFNA RNA

miR-31 HFSCs miRNA
BiRDS BiRDS HFSCs
miR-31 CLOCK 14
BiRDS
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BiRDS

tFNA miRNA miRNA
BiRDS miRNA tFNA RNA
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HFSCs
CLOCK ERK
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miR-31 CLOCK
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tFNA tFNA
tFNA / tFNA tFNA

tFNA 2023
tFNA Glabridin, Gla tFNA Gla tFNA-Gla

tFNA-Gla
tFNA-Gla 21.50 nm

tFNA-Gla B16
Cy5 tFNA-Gla 6 CCK-8 tFNA Gla

1:160 tFNA-Gla B16
Gla tFNA-Gla Western blot tFNA-Gla

TYR TRP-1 TRP-2 MITF
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UV B UVB 280-320 nm UVB
ROS DNA tFNA

tFNA LA

60 tFNA

UVB HDF TLA ROS
ROS 250% TLA ROS TLA

Bcl-2 Bax Caspase-3 TLA

NF-κB NF-κB IκB UVB NF-κB
TLA NF-κB NF-κB IκB NF-κB TLA IL-
1β TGF-β Collagen-1 TLA

TLA 60 H&E TLA
Masson TLA CVF

TLA NF-κB Collagen-1 Collagen-3
TLA NF-κB

TLA LA tFNA
TLA TLA

TLA
UVB
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tFNA STT psoriasis
siRNA tFNA TA siRNA κB NF-κB p65 tFNA TA pH

STT STT
NF-κB TNF-α IL-6 IL-23 STT
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miRNA BiRDS
BiRDS “ ” “ ”miRNA miR-27a BiRDS

BiRDS TGF-β EMT I
BiRDS BiRDS NLRP3

tFNA BiRDS
BiRDS miRNA
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tFNA DNA DNA tFNA
tFNA

100 nt
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DNA DNA
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◼ tFNA

0.10-0.30
1kb 100-300 tFNA DNA

Praetorius 2017 Nature
DNA

DNA DNA

DNA DNA
DNA DNA DNA

DNAzyme cassettes DNA

61 tFNA

tFNA DNA
DNA 61
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tFNA tFNA
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——

表达菌株的构建和培养1 ssDNA的提取2

ssDNA的切割和组装3
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6.2.1 

tFNA OECD 
RhE

tFNA 30
42 MTT

tFNA

tFNA 94.61% OECD TG439 50%
2.50% OECD TG439 tFNA

NI

tFNA
tFNA tFNA

tFNA tFNA

tFNA
tFNA

tFNA
tFNA

tFNA

6.2.2 

tFNA
OECD TG492 RhCE SkinEthic  HCE

tFNA HCE 4
MTT MTT OECD TG492

60%

4 tFNA HCE 97.88% 60% tFNA
100%

GHS tFNA
tFNA

tFNA tFNA
tFNA
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6.2.3 

tFNA
OECD TG432 3T3 NRU

Balb/c 3T3 tFNA
UVA NRU

PIF MPE OECD TG432 PIF < 2 MPE 
< 0.1 2 ≤ PIF < 5 0.1 ≤ MPE < 0.15 PIF ≥ 5 MPE ≥ 0.15

tFNA MPE -0.012 PIF *1.000 *

MPE = 0.333 PIF = 17.876

tFNA tFNA

tFNA
tFNA

6.2.4 

tFNA

2015 30 6
24 37 60 50.17 6.10

0.020~0.025 mL tFNA
24 0.5 24

48

5 0 4
30 29 96.67% 0

1 3.33% 1 2

tFNA 96.67%
tFNA

48 tFNA

tFNA tFNA
tFNA tFNA
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6.2.5 

Ames
2015 8

TA97a TA98 TA100 TA1535 WP2uvrA pKM101

tFNA 5.00 μL/ +S9
-S9

TA1535

S9 tFNA
tFNA

5.00 μL/ tFNA

tFNA tFNA DNA
tFNA

6.2.6 

tFNA

CHL
tFNA S9 mix

tFNA 5 μL/mL 2.5 μL/mL 1.25 μL/mL 4 4
24 MMS CP CHL 2 10⁵

/mL tFNA MEM S9 4h/24h

200

tFNA 87.8% 4h 4h
24h tFNA 5 μL/mL 2.5 μL/mL 1.25 μL/mL 0 0%

MMS CP 12.0%

2015 tFNA
tFNA

tFNA
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tFNA
1

tFNA

NI

DNA

tFNA
tFNA tFNA

tFNA
tFNA

tFNA
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6.3.1 DNA

DNA Schumacher 2021 Nature DNA
DNA

DNA

tFNA DNA EpiKutis®
600 mJ/cm² UVB DNA

tFNA 0.5 ppm 1 ppm 1.5 ppm E VE

tFNA tFNA

tFNA tFNA
tFNA

tFNA
tFNA tFNA

tFNA

62 tFNA DNA

DNA 8- CPD 8- DNA
CPD DNA 70%-80% 8-

tFNA tFNA 0.5 ppm 1 ppm 1.5 ppm 8-
32.04% 74.03% 77.07% tFNA DNA CPD tFNA

0.5 ppm 1 ppm 1.5 ppm tFNA CPD 75.77% 80.83% 99.69%
tFNA DNA CPD

tFNA DNA 8- CPD tFNA
DNA



6.3 tFNA

6.3.2 

tFNA

FulKutis MGO UVA
CML AGEs tFNA CML

0.5 ppm 1 ppm 1.5 ppm tFNA CML 16.35% 35.22% 41.51%
tFNA

63 tFNA

tFNA
UVA 2,4- DNPH tFNA

0.5 ppm 1 ppm 1.5 ppm tFNA DNPH 22.34% 34.26% 78.17%
tFNA 1.5ppm tFNA

tFNA —— ——

tFNA tFNA
tFNA
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autophagy

Atg

LC3-II LC3b
LC3 LC3-II

LC3-II

tFNA 0.5 
ppm 1 ppm 1.5 ppm tFNA IF LC3b

tFNA 64 tFNA
0.5 ppm 1 ppm 1.5 ppm tFNA 64.00% 103.00% 107.00%

tFNA LC3b tFNA LC3b
37.00% 39.00% 50.00% tFNA

tFNA LC3b tFNA

64 tFNA

LC3b
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6.3.4 

DNA DNA 
Telomere-induced senescence Replicative 

senescence

tFNA
P40 3 400 μM 2

tFNA

P16 P21 SA-β-gal β- P16 CDK4 CDK6 
Rb p16 

p16 p16 P21 
Cyclin-dependentkinases CDKs

SA-β-gal senescence-associated βgalactosidase β-
β-gal 

pH 6.0 β-gal X-gal pH6.0 β-
P16 P21

P16 Rb P21
SA-β-gal

P16 P21 tFNA 0.5 ppm 1 ppm 1.5 ppm
tFNA P16 34.07% 55.56% 76.30% P21 25.16% 34.19% 50.32%

tFNA SA-β-gal
tFNA 0.5 ppm 1 ppm 1.5 ppm tFNA SA-β-gal 19.62%

22.73% 31.74% tFNA

tFNA P16 P21 tFNA
SA-β-gal

65 tFNA
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ROS ATP
ROS DNA

ROS ATP

tFNA
ROS ATP

◆ ROS

ROS DNA
DNA DNA DNA

DNA ROS
ROS tFNA

◆ ATP

ATP 3
ATP ATP

ATP
ATP ATP ATP

◆

JC-1 JC-1



6.3 tFNA

◆ ROS

ROS
0.5 ppm 1 ppm 1.5 ppm

tFNA
25.64% 39.49% 43.59% tFNA

66 tFNA ROS

tFNA tFNA ROS
ATP tFNA

tFNA
tFNA

◆ ATP

ATP UVA 30 J/cm2
UVA

ATP tFNA
0.5ppm 1ppm 1.5ppm tFNA ATP

52.80% 58.35% 88.21%
tFNA

67 tFNA ATP

◆

67
0.5 ppm 1 ppm 1.5 ppm

tFNA
103.37% 208.99% 249.44%

tFNA

ATP

68 tFNA

0.5ppm

1ppm

1.5ppm
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DNA
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