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Research Progress of Nanomaterials in Promoting Hair Follicle Proliferation Strategies
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Abstract: Alopecia is a common disfiguring disease influenced by various factors such as hormones, stress, genetics, immunity,
and medications, imposing a significant psychosocial burden on affected individuals. However, current therapies are limited
in efficacy and often associated with side effects, highlighting the urgent need to develop new strategies to improve outcomes
and reduce adverse effects. In recent years, nanocarriers, as novel drug delivery systems, have demonstrated great potential
in transdermal drug administration. As efficient carriers, nanomaterials can precisely regulate key pro-proliferation signaling
pathways like Wnt/B-catenin and enhance follicular exposure to anti-androgen drugs by improving skin penetration, enabling
controlled release, and achieving targeted follicular delivery. As active modulators, nanomaterials can directly improve
the follicular microenvironment by scavenging reactive oxygen species, modulating immune cell functions, promoting
angiogenesis, and maintaining ion homeostasis, thereby inducing the transition of hair follicles into the growth phase. This
article systematically summarizes the recent advances in the application of lipid nanoparticles, polymeric nanoparticles,
extracellular vesicles, and inorganic nanomaterials in hair regeneration, providing new mechanistic insights and application
prospects for developing efficient and safe therapies for hair loss.
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K FH S BO% A B R L, 5367 2 B Kok T
T S R BR SE R SR A4S G m LU 25 UE
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L1 JERRACKIEIE RS : MR AKEAAAE Ny — K E M Yh
KAk, FERAEYMBEERR Bl S, FE
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5. IXRHACIEAR A FE ORI FRAKBIRL (Solid Lipid
Nanoparticles, SLN) . GKZEMIEF#E A (Nanostructured
Lipid Carriers, NLC) 2T HIIE R RE #5825 i B
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KT GeH IR R AL SR ik . S8 s M Cas9/
seRNARZ A% B 1 2 A W% 45057 BL/6/NRBHMNMBH
SLANAL, Cas9/sgRNAREWS R 5 P MR g H AR
FEDA, HIHISRDBA2HE H ik, AEEDR = 1T i Kk #2 fit 1
KRR %L T A

2.3 HABBHGUKILE RS Das LEEPRIE 7 —FFR Bk
NE-SRED KTk (LPNPs)  FBi B i1k R4, LPNPs
B KR HE TG S IR LB (DPPC) FNPLGAZ XL I K

EILFERAS, R RG] A BRI A RO R R
(Quercetin, Que) JBIAZE BN N X, 8T 5 H
TR E M, LPNPs® e T Que BRI, IF
H AT sEE A B R A IR R, A R 7 B2
JORPR T o SXAlOHT B g K R 15 Wb 5 6 T R 5 AR 1) 41 B R
iR tE Can R4 B AR VA S R A A BAE R 0D 5
AR B LGSR LS Can T8 sy PR B . TR
EWIRAR AT R R A . T4 1 25 MR il DL A=
WA REARIED o 1A T N v IR — AR R PR S
B w0 R BB ) A 25 BRI T BB . He 722%™
Bl T AT FOMIA 6 B A MUAESE (CD-MOF) 1EhEFE
2y, FTOmOR R RS AN, X — IR R AR E
BT 25% M2 R, JRI I B RS G B T 25 )
Fl k%, HER@Ed NS EON T ReR R0 £
18 DL R R IR, W4 e A 3R L s 4t it
ZIVNIEG I, HET PR A A RS ). B AT R ), B
WORPUE R PE RV o o A i 15 a -
& JR B A0S Shh/ GBS @ IR K AEAEA .«

3 YK RLEIEE BRINE

B T 1R A A o AR T L B O B . AL
WL AR ICRENL AU AR BOAS J2 DA R i TG R R A S
1 LR S RPN R B BB R R, gk R T
FAR SRR Z e I 2 ThRet, Rg % B RGOS R
ALK TR . e R E RE YRR, AR R
EH T BREMIAB N Z A REIRT, AROERAFH .
PROLE TR AT S T R iR S TR, Rt
BRI AR, BASTIMBREAE,
3.1 PEAL ST A A SIBEORINS 1 98 R 2 It el i v
W AEAE R IR ES , ] 3 3B F A B i A A AR B 3R
Lo GAARAE AR 8 e 38 16 B AU TR AN T 2 PR 7 28 R At
TAHBKN, RELCGEERRIMIAEL. Tansathien K
sy R G SR U (PPE) A3 T8 T RIS i K
AR IR R 0 K B R S K AR R R kR
E &, IR I N R R, BB A
1) 375 5 UL BE /0« PPE AT I B 6 L Sk 40 o 1) 450 B el &R A
FIER T CATNF-a ), FFld B KT (FGF, TGF-1,
TGF-B ) (R BFL LM AIER . An N&PF 4 T 4%
AR IR ILIR A M5 (Diphenyleyclopropenone, DPCP)
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$i B Que s Cu® 1 Zn™, Cu® FIZn* (23t T BHRE T
O 1K1 D= N 11 o R L | =R SN S AV R S =
T4, P85 TAGAR) EEHE AT R . Yang YA
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