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Abstract

BACKGROUND: DNA hydrogel has been widely studied because of its many excellent properties, and it provides a good platform for the development of drug
delivery and bone tissue engineering, as well as new research and development ideas.

OBJECTIVE: To review several special types of DNA hydrogels, drug delivery based on DNA hydrogels, and the current development and future prospects of
bone tissue engineering.

METHODS: A computer-based online search of PubMed, Web of Science, Medline, CNKI and Wanfang databases was performed to retrieve articles regarding
DNA Hydrogel based on drug delivery and bone tissue engineering published between January and April 2021 with the search terms of “DNA hydrogel, drug
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delivery, bone defect, osteogenic differentiation, osteogenic factor”. The types of DNA hydrogels and their applications in drug delivery and bone tissue

engineering were retrieved.

RESULTS AND CONCLUSION: (1) DNA hydrogel is a hydrophilic polymer network composed of cross-linked DNA chains. As a new type of biological material,

it is easy to synthesize and modify sequence programmability, hydrophilicity, stimulus response, biocompatibility, biodegradability, molecular recognition and
binding, high entrapment efficiency and so on. (2) At present, the preparation methods of purified and hybrid DNA hydrogels are diversified, which can achieve
the targeted delivery of general drugs. Immunotherapy can be achieved through the design of DNA structures such as unmethylated cytosine-phosphate-
guanine dinucleotides. (3) As a good carrier of antisense single-stranded nucleotides, DNA hydrogel can be used in gene therapy. (4) In the field of bone tissue
engineering, DNA hydrogel can be used as a three-dimensional cell culture site for cell culture. It can promote bone formation and bone tissue vascularization
by carrying bone marrow mesenchymal stem cells and osteogenic promoting factor.
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SR E e AR, A8 O A DNA KRR 69 Ko kxR & G R
oA 2. 7 A% DNA JKERART vA 5 R JR B F ¢4 DNAAS ZAE A,
CHH—FRAIF S TR, DA IR T DNA 69 3 s 44T,
SONG % PV il — A8 4K 5| K b 1eil s X 22 LA E AR A R %
3L DNA KERER, A TAEIREY 5 ta e by Jr A %t . Bk v BoE m
JEHT. YU 5 U IR T A 8 BK 44 f BLME AT E DNA ZRERIR,
F I ReE s o F A BCRAT 6945 RIFFAK, AR B, DNA K
BT AT 2940 I RAL LR, FH5 o T HATH R IR,
PRaP 2540 Fo AR BATER G IEAR, SRILT e ¥ed it T .
2.5.2 DNA /KEEJRA T %.955457 DNA sK#k il it 3 Ao K 5%, 95 h)
WT AR, LARR T ARSI NFEME. TR
Jogeg — BEEE - By eZvh — 4 F B (CpG DNA) 2 Toll #5224k 9 #)
R, 5 Toll 2k 945 MERAREZ%. 534 DNA
254 (4F 34049 CpG DNA) 54 e —#2, %I A4 R A+ 2
RA R, B A CEKER W HZEFI AT I
Fd. B, CpG DNA TT4E 4 % iaig 55 e R T 657 % # sk
& B9 B BT, e FFRE CpG 5 5 V8 h DNA ZK BRI 89 2 48 R4
S5 2R F s AR AR, NISHIKAWA % B an 545 & 7 4%
o, 5 #3404 CpG DNA § 48 % 7 A DNA 7K #t Ik, E 5 CpG DNA
TRIBSR A —FH G R, T AR S k) iz 515 4 Toll
HZAR 9 FaMe) o mmit, TFHRRAR M EEFELE M,
K G A AL T AR A6 SR B2 ok, T — P oT iE 4149 %9298 7 DNA K
B FRREE, AR, LEE 5 U R A Cas9/sgRNA 443
4% DNAAF# %48 o) g, %3t 7 —FP ae 9542 5 1L 4K PD-1 i€ fie
F 49 DNA /K fi , H) R RINY 3 ik ey 7 5 R T DNA- & fe 1
TREBIR, RINY 3 ik 5 M QAR T 5 vA B Sk A Fe AT 3
HAN¥EATT 5] 69 sgRNAs, 18 3T A 3/ 4, & IR R KB IR, KEE
JEAE ) F Cas9/sgRNA & , 124525 3/ 15 42 #7% PD-1 DNA i& fie. F,
Fil i3 5% 0k R Gt iE KARATIBAE R, & 9 it st DNA
TR 0 2 R EE M AT RO A B LIS ek . ARAE S
JEIG YT 7 BT AR T2 KR AT . B bid 18 DNA K ARt 49
DNA 7R IR fE 4L S 9506 57 7 d LA AR AR A7)

2.5.3 DNAK#IA FAREMST ARG A@THER=HhF
NSRS ER IR R B, MAAA AT 2 KRB EELE,
Jotb fegm. BEFEAAER, RAELRS . S5 kREAMN
B F mAAAG S AR S, A EHY, LRSS EL
BRI PR R mfikasth g S d, £XTAR
AT AR, R REBIR S A AR AT AR B 64 B
B, RAOMABAGRRITN ARG, BEAW ZAER, X
AT 5l KK RE 24 ¥, DNA st ic B & &g A4
M. EMERM. A S AN, AATAREE,
LA RAE, BRELhasH, Rkh 2Ry ERAHYIE
Y, EFk, SRS S AP AR An 4 DNA KELIR £ 4,
AT AR . BROUERAL BT AR A —F A 206 57 Rt B
ER. R, R ER G R MR R G B H X
A7 8K & B R J 44 £ ZPLkK. SARDONE 5 M2 3 it —Fb 37 44 4
PRB R AR BB T, @i ¥ ) hnRNAs 3, mRNAs, i
B4E. mRNA g 44|80, AmiAD B RE, RELSH
B G A KGRI, s — R IRG SRR, A
B it BRI Ak (RSIBINAA]) ALK, A RIESH [ L5
BRAE IR IRIKLE M 3 DNA K fr, TR HR GHM A4 [ B4R
MRS E AR A A A L e A ROU R B A AT
Rt R TR, AR FIRTHEASGRBARGFE, &
GeHo 6] I 98 20 IR ARAE E An KB 09 RO AL F BRI IT 2h . M

W AW RENFRET — A7 E . Eb, DNA KEIAE H R
AL F RO R R G, BAREITRIE . AEF R gk R 6 AR

2.6 DNAKERREEHLKTIEHENNE

2.6.1 ffitdEdc = 4midE il i R A AR ) R BRERSE An
STIE T MR, RV F b RARE T E A,

W T KRB 09 Z S LML R LA G 9 IUARER R T 42 ey e Ae
RIFO AT AL, Shrsk AT @ ERIF S FTEE
W & IR IRBLALE R A BTN B AN IE S, X
FoArmp kR kAL, W BRAER T VAIE S mioAn Z 4k
A Fa kB AR, B, A RIREEIR = 43 R ACE B R T
e B E TR AL, AR ATHE AR T @ ZNE—A
“CEE” IRBL, EARBLT AR B AT B A R AL
DNA /K Ik Hy 4m lo 3R A KA R K g0 e s 3R 69 Z L 3R3%. A A
R & T —Fr i A8 5T % K -DNA KRB, FF8 KA
FRAs % B =4k aTep Y, 3D 0T EPAAE T T vA ik B A
AT AL G AR E G SR, LR AARAR G A AR Ak

Bk ek R, EKERIR AR A 3D A AT A A Y
MAt, VAL F R TR A 49 TR 3D 449, HOFFMAN
2 g g it b R 2 AL B2 44 B A SRS ML AT BE AR 1,

38 A AR R A HAh 64 BN 1] AR T dm ReAS AL B B AY AR AR AL
W R, R E AR 69 B A R AR AR AL IR Fe e T
PRI An, AR T BIAT FARSAAM gRA-. ik, R B IR B
89 B 18] AR Tt AL ARG AR B TR e R, A A
i BB RGBEFTHRERRZLEYR A FARSHESE S,

#biZ DNA KRBT vA B F 454 B 8608 AR T e fl, 84t
B 69T R Ao i G ARG T B ERAR .

2.6.2 1L EH AR AT DNA 69 KERIZH| R IR T TV RS B
Z IR BRI SS, LT R BB eg s 7 Y, Lk 4.,

F 4 | KERATHERATIENR N BEFHEMESCRICE
WFE R KBRS X RERR YT RCR B X

A
LIU %9 2020 ZIF-8 (&4 KA B KB SECE 2 MR
R S A, M 7 EikEAr
M - F 5 o I
W2 Thik
IKEER
DADSETAN 2008 ZfLA8 AHliik 5 #8078 5 752 FLKEER B3 75 1 i
& B I E iR T4t ) 78 53 40 LA 5 v
Y i R Tl 0 1k RS R,
FI7K B T S A A e L A AR
CELIKKIN 2018 #fitkiEr mALNE 57 7o i (e TaupsifE. 71k, &
-t FEZRI A RLE T4 Zh AL, PR A
JRKEER HE 2 Al
R
BENOIT 45 2006 2K g SR AMh YT - 88 ) 78 0T U (8] 70 5 120 i et
&2 IR T4 S AR K IhRE
GACANIN 2017 ZIjfiEZ C2IN- R/ B 6 LY N =i )
& bl {£L.DNA  C3lim- I B A IS, HANEY
JKEEE  G205C i S i 2 A F AR Ak
AR
BASU 24" 2018 DNA- HZER A RS AR D A 7 5 T A o

TR 2 44 Bt A, T E s
KEEK jiisey
IR
HOFFMAN 2013 2 FF Rl Bashit (Rl ie g, BEn
E AKEERE BTN T R 725 L3

WAk, BRI KA EI I, A RAEF I BIIRGE
AT, EE2LENFTHEARRY. 2T RRBRAEE
B ELEMTHET SRR MDA RN LT, FSHTEHEK
W AR RBREER, ATHITT KRENHA, BRER
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2 S

FHARAANGE., TURIAAETHE, THLTEGEM B
HRG, AATHOEREN =, BB A2 B 4284349
XA XA BT R, TR LR L&A i S A
A TR, DNA KERIZ 4G A AR A, A, T
AtbEFe L AP ShEeALEE A, TTAR AR E M THER F A,
ARF R TAZ MR H BATARE AR, A A RE R AL SR G A
3 & & 6 A2 433K 3t 49 DNA 4|4 % 2h % 221k DNA stk 19,
B R A A 38 T il it DNA R ik 84k, ARAASFE
HEGHIR, ABAF R R B A = T4 E & G 67T f,
32 C2IN-C31lim-G205C R B4R ( Rk A W FATHE 09 2 F 5 W) L &3
4 -c3 EE - FRABKRE 205 5 H REGG A EATE ) EEEF
AR, A RBORY T RSN EE WA R A BNE T, A2 R F R
PRE LR E AR B, AR A AR B B R R 64 B RS B4R A
T —FARA ARG ek, T LA B E R R BB T —
IR BTG S, lde, fBAREAEAAD B B 63T, Lot
EBRAEFEAOE, XFRKEIRETRMALEN, XTEZ
NHEEFEXREE, HHREAW, SR LA /KB IRE T4 8
WA AR TFale, BATEENRBRLT RIRN BRI FINE,
ST AP R A AR R A S B 5 AR P g idAR, dadat
AR B AR B BT AR 69 AB L R B, R H 6 T4 4R
KA A KB IR T #e JE 1o R AR T R 25 M R A 3R AR 2 4 B )
HEARRMFREREN S HETE W, ARARKRET, &
B RBIR R B T VA B M Bl M iE B, VASE R B
B EE T AL RPTE Sm, M RANRARIN - ACE B A
JRFmiad R A 2. TEMGBF Y. HAR ARSI
T EA 340 ) 4 DNA- A2 i8R 2 o R B AR EAR, BA Heiktg g
A U, B A ) &0 KBRS B R R R SR AR A o it
ATRA T AR, E %8 T KBRS b R AN B B A,
FEAEF G AR PR Fr 2o A& i e =T )R B 8] AR T m iR dm L BB
oA, PEIET F B AY A
2.6.3 BB M PTE Se, AR RS A A 2R
B ITARG R TR ZENRKRZ—. BAF F RS
&R A H 6T R T R RS ) i F o2 X E
B RN E 09 bik B T AR A B N B R £ T w i
Failtm it Ak, AANRTIE IR A TR 8 £ &0 B A R A A
Wy B Fe I A HEARTF LT A TR K34, 83 5256 & 9
FTY720( —#F 3k 2 BF - BRELBS AR 69 R B ML ED 7] ) *T vAE A B
T FARASARLLA 47 3% 4 ] AR A 8 ki B W 244 K, AU 6 J],
CHALH T PRI T H AR, LEGHESFMIRIILIRE A%
HFERFRZ, LBIEBEB AT B 6T AT f 2
FTY720 P23t B A AR 69 U] 09 — 30 4, Xk 4 R A
68k, BP R FTY720 2 64 25 38 ¥e.48) 04 57 AR St 37 8 T R A
W B R ASASL S k. AR A, FTY720 T oA
L2 W ME IR T An PRE B RARA M T 8 KB IR R B A &
AN R A SR A 4840 2 PR SR AR 8 Bl &, T 38 B A ik
E, BHMELSFEZRFTEOFTEK, ARRZHT AKX
ok, AR T B e A BRHE e TR, B

A KT A A R A K EF RS A2 e K4t
BT, $hdARAKEFETLEES 2HAANTRZALME
W, RALH R A AT AR 0 A B R. Bk, AR HAS
SHNHRAARET - S AR %, LDATRERNEAERR
FAF R AEG 2 BKH R AR, RN A RTAS
& B 1) Ao 4 A ] 2R 4 B A P A SR T SR T AL T AR
R, FERENERFRASAHBE, A THZE LHE

4384 | PERKRTIEHAR | 352654 | 8827H1 | 2022598

PRI H mia ot A A K R F 494538 . M DNA KBEIR LA /s
MR ARKEFAE KA RO G QI EA T 42 69 0 2R 4F
P, DNA 7K Bt IR TASAEAR IS I b AR A b A Ay 7 1, B8 aE T
VEAT 69 B IR R AR AL B IR AR T e R BAR AR A I
FHRAFAL BT AR, AR R R RAR AL i T
H KB AAR A ARE B f, A L DNA B 44 K 5 AR BRI 7T A
A B B A GRS ARG T e BB AR Y, Bl e B
HUARIEPE 69 DNA J 2 R 5 A KB IRAE A — £ T i A AT vd T
TR TFEFAMEFA.

3 ifif Discussion

3.1 BREMATEZIUSARNAMAGEENE@R A% A TK
BRI AWM E R G AT IO TILEFY, CEREFTRRG3
B, 12 VG R, H AW — G RIEEITRAR
TR S B, de ) SRR A EL 3 AT 5 49 DNA /RS2
E 2. 4% DNA KREIRE £ K249 DNA, FbF & PCR X
# RCT 53R4T DNA 7 38 LSRR A. HLRR% DNA B4 BA4F
8 AR B, 4247 R FE{KI% Y DNA, #B %551 RPERM. &
A% DNA 7K 5 IR T VA S IL25 Mg Bk b T 3 b, A2 B AR AL B3
R RAFI, 7BEZATH—F . B A DNA KSR LA
% A GAIBRAFE T2 AR, A2 B BB K. )R
A AR, AR, AR S TR AR G O RS
B AFME, HEFRT RSB LSS PR, It
LA BT BRI N R, A ARV AT AR M A
Akl K. B b, DNA AKERJRA 2 5 IRAL Gtk 18 5 ik Ao A4t
e, R R AT R R AAKIR.

3.2 {EEERXBIFAMRRIVRIR DNA 7K Ak h —F 37 A
A KT A, eHHHFEEDNFIRARE,
B F A mAMEH . AT AT e, BAT E K. ket B
EMARENE. EIERYE. TR A oA g AT R SN,
O 2R FAA AN Fe i dpitiE R GF . PR T AT DNA
KREIR G iz, XFEREATHATUARIEZTCAH
IR, HTALERA FRMBAE, T B FARBA
LRI R R I B R 2 A K, AT T B R 9B R
AT EFRE BT R B TS S, JeiX s R Firis
FAH R RIR, AR R MR B A, DNAKBIR L A&,
A RAFeh A A, TS RIS s AR T e e,
@it 5 HES R FAg A, RET ERE ML, EHFART
LG RN R ., LI A SIS IS DNA KR L &FF i E B
TR E BT A, A6 BB RE T I A X kR0
P& AT KR,

3.3 LABVSIRME X F &9 8T JURF Ley 42k £ A 49 DNA
KERIR, RAVR T R K AT R, FFRaT R
BV kA —F ik . 33T DNA /KB 25 M 4 iE A B
ML TATGY MR A HEAT T iR, (2R A AE R R AL
M EARRIEL, B A DNA KBRIREFHR TR LN 5@, £
B TFHRENE, HARBTE KK,

3.4 ZRNEBEE W DNA KER 6 4 &Fo 5L A & K R A 4248
LT, (B2 At A BoR Ay TA S @ AR K
BRI, B 2B DNA KEIR 6 A s it 8] e b mr 75 ik, TRIRT
DNA /K35 A 2 % 25 DNA /KB IR 89 %) & B AR, AR T4
7, DNA 7Kk AT A 4 = 4 tm 032 37 39 Py - tm L 3& Jx 77 iy B
A BAFEG LA, Had it A B R AR T e IR A BORE B T
B T AR A BR LB AR,
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EBRE: XFOTREG A S8, TAPES AR T RfofT H7E,
HAENHTH AR BEHR, EXTFR.

FlEEE: LFEasiEH A, ERAMAALFRE SRR AEF) BN

FIRGREUAER: X2 —FFAORRLE, R3E (Gifk FHTH) &4 -
EFLMAEF - ABF F REF 407 £3, ELSEINMHGELT, LFRALER
Atk B 69T R XA SR, AR &, RN AFERA P EE. TR #0.
ik, AT AR, RBHEEIZ IR, AT R, AR AR K
HAAEAT AR R i

HRRMSE: XFRBET T (RALER B ESHIREHTL) (PRISMA 5 4 );
AR AT 23 F b R B 5 Lk A G AT 3 AL F B EREE; ZDRATINFE
TG FA5, FATIFBUAN G S MFILAZEE.
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