Reviews and Monographs ERud=kars

0) D)Lt S i
Progress in Biochemistry and Biophysics
' 'j 2023,50(11):2636~2648

www.pibb.ac.cn

EMERTER R ARMEHRTTRRMNE

/E/%_%E 1,2)

F OB IDT EREAM 2O
(VU TTRBERIRAEZ R, AR5E 523808;
2 ERE BRI ARG, h R B R B A SN, AR MOKEN A IE, B 518055;

VEYITH = ARER (RS “RERE) , ERRYMERRI RE G, FERIT, I 518112)

%—’:\ﬁ?}’\/‘% Q)

WE DB R T 2D 25 YR LGN I ORAR T, PR E A T 2RI B TR . AR
7 A A U SRR R AR L, RV ZE R A B2, R BT I 25t 16 IR IR SN, R E R, s
BRIES  FIRER 2R B E R, AR SO T A IR R B SR 2 AT BBt R HARAE AL 7 | sl iy iRy

RPERIT . PR T OURAO DI, YRR IR GE] . FiRB 2 e . mahy T B R S R

KR AEWARE, Bk, BREAY, EHIR, BRME

HES%ES  Q5, R3, R

WFOGNENIE CREZ . UM . BLR4if
. TR AR . R RBRR AR SE) LA
Wrsn, v U NS A R . BT, ExT
R AT FREZUFARYIBR N E, A1)
FETERANER . Oy 1 Ty e K S A Tal it ' Bl
& BUMR BT BBESE . AIT L sl iiRdT
(photodynamic therapy, PDT) “' | % #4& i/ J7
(photothermal therapy, PTT) ', FEEIAYY ¢ Kfe
FEIRYT 7 BIRAIR TR R HAIRITROCR G R
AP/ BERIVERMRAE LA, X TR MR G YT
I E RT3 280, R 1k 3 RUFRIRITAL
R, WERRITEY) O6BOR . DGRl 72
) A RGE L IR T R UM T A A
1 e 25 ) AR BT 28, BN, DR 24
PRI EEAR . KT/ K 2577 FE P . B M 2
KA SRk N I, A E R 25
HIRRG ARG T EE MMNBERABARS
(transdermal delivery system, TDS) REW54% 2545
b B RSB A, T A A A I
PEER, AR IR ARZE 25 MR AR, BT/
JUK & 24 7 A AR R I, I A e R O 244K
PR o AH H T Rz R 04 5T )23 R B X 25 ) A A
—ERIBHAHER], 3 RAERRCE R KRR, BRi

DOI: 10.16476/j.pibb.2022.0517

THE—E R 0

A AR 25 385 17 UL 1) H R i D TDS 259385
Fe B0 B, A AR AR R R = o R
B ZHEEAYIT R ISR RE, INAZ
YA TEERE M N, PR T i Bs B 2 23
TR RN R AR iR A 25K 2 o A BfE Je bk
RN ORGP N URFLIE , A A7 5 B
e AT DA A5 25 356 105 2 g s 5 E a4 ol
TR E, AT ke O fih A B R J2 1 B I A A 2K
o, FECSIEBRA 2y R = A PR ;s b, T
gy U, AT AT, R Rl A S ERAE
A WA 2% 385 K e G0 56 T O eI T S
TR . P R IR RIS s 2R A T i o
w 1K A AR S (81901864) , TR I T AL B it &)t A
(JCYJ20210324115611032), J 74 HARFE4 (2022A1515011
337), JUARA R E A LI (2022Z2DZX2022), TTARA
KRR L W% 4 (pdjh2022b0227), 20224 ZRERF K
AR Ess, T ARA SRR EAIETE (2021KTSCX036) F1)
RAEPERFFETE (20221206) PEHI.
s JE TR R A
FHE Tel: 0755-86392210, E-mail: wsyt132@163.com
RIS Tel: 0755-86392210, E-mail: mb.zheng@siat.ac.cn

ZEME Tel: 0755-86392210, E-mail: It.cai@siat.ac.cn
Wik FL8 - 2022-11-06, 423% A : 2023-01-09




2023; 50 (1D

AEE, & EYHETERARLGMIHATRRINE

-2637-

#, B T RAMRA ] 5 i A A K,
A IR A B T S T SR Th R AR el
BEF 0T R A A AR . BeAh, FIHDRE 259
BRSOk T A O RET IR E R B
FAEARAGIR A,  E SOERRELAE A PR R BRI i

FUARBR, AT AN () FH 24 350 A7 U8 3 0 245 it 119 5
sk Rl L, YIS R R A R G TR
7 VAR I B A R DL, A 2 2k A g i 5
S5, AlEAAkSY . PDT. PTT. JEFENAYT . il
I7 R T R U R R RIEYY (R 1),
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Fig. 1 Microneedle—mediated delivery of lipid—coated cisplatin nanoparticles for efficient cancer therapy "*’
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Fig.3 Schematic of the microneedle patch-assisted aPD1 delivery for the skin cancer treatment ' >’
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Fig. 4 Schematic illustration of microneedles efficient delivery of immunomodulators and tumor antigens for enhanced

cancer immunotherapy
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Abstract The complex tumor microenvironment leads to the inefficient intra-tumor delivery of antitumor drugs
severely restrict the therapeutic effect of drugs on superficial tumors. At present, the main treatment methods for

superficial tumors are surgical resection, chemotherapy, radiotherapy. These therapies can destroy tumor tissue or

# This work was supported by grants from The National Natural Science Foundation of China (81901864), Shenzhen Science and Technology
Program (JCYJ20210324115611032), Natural Science Foundation of Guangdong Province (2022A1515011337), Guangdong Provincial University
Key Field Project (2022ZDZX2022), Guangdong Province University Students Science and Technology Innovation Special Fund (pdjh2022b0227),
Funds for PHD Researchers of Guangdong Medical University, Characteristic Innovation Project of Universities in Guangdong Province
(2021KTSCX036), and Traditional Chinese Medicine Research Project of Guangdong Traditional Chinese Medicine Bureau (20221206).

## Corresponding author.

YIN Ting. Tel: 86-755-86392210, E-mail: wsyt132@123.com

ZHENG Ming-Bin. Tel: 86-755-86392210, E-mail: mb.zheng@siat.ac.cn

CAI Lin-Tao. Tel: 86-755-86392210, E-mail: It.cai@siat.ac.cn

Received: November 6, 2022 Accepted: January 9, 2023



<2648+ EMUESEYYIEHRE  Prog. Biochem. Biophys. 2023; 50 (11)

inhibit the growth of cancer cells in the short term, but the long-term treatment results are not satisfactory. With
the research of anti-tumor treatment, chemotherapy , photodynamic therapy (PDT), photothermal therapy (PTT),
gene therapy and immunotherapy and other new combined treatment strategies have the advantages of good
therapeutic effect, small invasion, and low toxic and side effects, and have shown great potential for the treatment
of superficial tumors. In order to achieve good therapeutic efficacy, it is necessary to effectively deliver
therapeutic drugs (photosensitizers, photothermal agents, chemotherapeutic drugs, efc.) to the tumor site to exert
anti-tumor effect. Based on the major drawbacks of the traditional administration strategy, such as low
bioavailability of oral administration, pain, poor targeting, and systemic toxicity caused by subcutaneous/
intravenous administration. It is important to develop safe and effective anticancer drug delivery strategies to
promote novel cancer therapies. The transdermal delivery system (TDS) can deliver the drug through the stratum
corneum of skin into the dermis and through capillaries into the bloodstream, effectively overcoming low
bioavailability associated with oral administration. In addition, subcutaneous/intravenous administration often
causes pain sensation defects, TDS can significantly improving patient medication compliance. However, due to
the presence of a cuticle barrier on the skin that hinders drug penetration, there is a significant reduction in drug
delivery efficiency, limiting its further application. The emergence of biocompatible transdermal microneedles
presents a promising solution for enhancing drug penetration in TDS. These microneedles are composed of
biodegradable components, such as polymers and polysaccharides, serving as matrix materials that encapsulate
drugs. This innovative approach represents a minimally invasive local drug delivery system with the dual
functionality of subcutaneous injection and transdermal drug administration. The biocompatible transdermal
microneedles with high rigidity can effectively puncture the skin cuticle and deliver agents within the microneedle
to superficial tumor tissues via controlled drug release, which would significantly improve drug bioavailability
and avoid toxicity to livers/kidneys compared with conventional drug intravenous/oral administration. The
biodegradable polymer material of microneedles avoids the safety risks and reduces the risk of cross infection,
which is caused by the metal materials of solid microneedles or non-degradable polymers. In addition,
biocompatible transdermal microneedles can overcome the shortcomings of low-dose hollow coated microneedles
by encapsulating the drug into the entire tip for efficient drug loading. Meanwhile, the height and volume of the
needle tip can be adjusted by changing the mold structure in order to meet the needs of different depth and dosage
of the drug. Here, the design of biocompatible transdermal microneedles for cancer chemotherapy, PDT and PTT,
immunotherapy, adoptive cell therapy and gene therapy in introduced. We also summarize the challenges of
biocompatible transdermal microneedles-mediated superficial tumor therapy, to help promote potential

translational superficial tumor applications of microneedles.

Key words biocompatible microneedles, drug delivery, transdermal administration, controlled release,
superficial tumor
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