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Abstract

BACKGROUND: As a cationic polymer, polyethyleneimine has been widely studied in many fields of medicine. With its rich amino and cationic charges, it has
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the ability of easy modification and electrostatic adsorption, which has potential advantages and prospects for application in bone tissue engineering.
OBIJECTIVE: To summarize the research progress of polyethyleneimine in bone tissue engineering, and discuss and explore its development prospect in bone

tissue engineering.

METHODS: Relevant articles were searched on PubMed, Web of Science, CNKI, and Wanfang databases from January 2000 to March 2022 with the search
terms of “polyethyleneimine, bone tissue engineering, bone tissue regeneration, bone tissue repair, regenerative medicine, drug delivery” in English and

Chinese. Finally, 57 articles were included for analysis.

RESULTS AND CONCLUSION: (1) The complex formed by polyethyleneimine and osteogenic genes based on gene technology is an efficient gene carrier, which
can induce seed cells to express osteogenic cytokines and promote osteogenic differentiation. Modification with different groups can reduce the toxicity to
seed cells such as mesenchymal stem cells as much as possible without affecting the transfection efficiency of polyethyleneimine. However, no consensus

was reached on the key parameters such as the length of DNA and polyethyleneimine chains, charge density of polyethyleneimine, structure and chemical
modification, and nitrogen/phosphate. (2) Polyethyleneimine has been optimized in the aspects of biocompatibility, degradation rate, pore size and mechanical
strength of the scaffold as a surface coating or a composite prepared directly with the scaffold material. Meanwhile, the application of polyethyleneimine and
its derivatives in bone defect repair scaffolds can give the antibacterial activity of scaffolds and enhance the ability of promoting angiogenesis. (3) In terms of
in vivo loading of osteogenic inducible factor, the osteogenic inducible factor gene carried by polyethyleneimine had efficient transfection ability in vitro cell
experiments. When loaded on the scaffold and implanted into the bone defect animal model, the biocompatibility of the scaffold could be improved, and the
bone defect repair effect was ideal, and no serious adverse reactions were reported. However, ectopic gene insertion and promoting ectopic expression of
bone protein are still existing problems. (4) In order to achieve targeted drug bone delivery, polyethyleneimine is a “bridge” between target and drug carrier
with its abundant modifiable groups. (5) The targeted drug delivery method based on bisphosphonates, stimulus response system and biotin avidin system has
not been reported yet, but the current application of polyethyleneimine in the field of drug delivery provides the possibility of realizing this idea, which is worth

further exploration.
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Wy BBt RAF A AR S A A M E M, YT U R RE B AS AT
HRATHGEEFE. AHAF Bt Hby LR, s
BB F AT 1800 Da 3 b iz & T —HF5| S04 B AR
BAETMAAR F@pt, SRRAXF IR/ RIH B
Gy b ok @ %R L L IR AR HL AR B MR 09 3L B ) o LA
RAG 69 AE A /. SUN 5 B R A & — e o AL B kR M B
48 FKH e B A AR AR A R T AT F B TR T T B e T S
BREh S heqt, RARY, AN LE TIN5 m i Rk,
JE BB iR 5 B A A AL ). X S T B AR A A B R
B ARARA M IRAE T F 093K+ 5 T & 09 &35,

TEMBNMEN: KEORGFTEHRR A ERE, g
AL EE, BB AR T Y RFR@AT ) 5 —
AN AR A E A P AL, B AT 2B 4 IR AR FH RE L
W AE: 0T BE R mAR T e A R B R
hENEAKBTEFAKRRFREREHH AR, @it I i
RABHLAIEHF;  UP) 98 A R FATE f B 097 R, Y5 o1 R
Mea R B AAEANATTF et *. R OH AKX @ B TSR
RE P, RA S AR F G 09 75 KRG B KT IR ),
AR LA EFE R @ I EF L, /£ HADJIZADEH %
B GBI R TR BT IR L, WMATBRESTHREAE
A2 e, it AR b 2 IR B BN A I O T R
E¥R T MR g BE I, XA A Ao IR U TR AL % R
FIRBE PR fE b 0BG R, 11T e 0IRIRA %. GIGLIOBI-
ANCO¥ "™ it —FRET Ao IR, BdRLHERE
M8 FRREAGBREN ST ERAWIKT T2 8T it
55 ek K, d Bt ELISA SZISERAARL T8 R LT

3 | RCH IR BRI R LI BRI

M - B ZREER AT Ee0ENLAERER TS, HAZ
BRESEFEIR S, REIRIETE T HRIEGLE A RE M,
Bz k I 2t A R R TR AR M — AR, Bk,
T Uy T Jhe 45 A F A AT RHRI &6 B A X R AR i e A
AL, AR R AL A KRS m R R R e KR T ).

233 hAWERFTHEFAEALRF /£ HUANG 5 “ 4 R dRE R
T T oA Ay B BAR NS BB S R A R, FE ARVE AR X
EEABEAI MR R EE, BOH T AR SIKEL
ot JE 5t T ST T fm B AR AR 64 BE ) A BB B AR S F 60 A
)R ARAF R IAE O Y AR E AR R AR L F X
o —Af, IR E HRAF LR MM R RE T LA aRN
g, RAFHLEGEISAARAFARGARLELRAL
BANE RS, AT AR, FHRY T TR, R
TH T e 04 o ) A2 38 5% 7 b ifAE R 69 4R 97, W B4R 3 T &R
B AR £ fm P Y A% 4 5% . KHORSAND 4 Y9 3% 34+ 7 d IR B 2% (4h
B )R REalR (NE)ARMELE, BHEAMRE
FAatfe k& D3 09 PLGA Bl AN B, BB QLSRR LHET
Jz —(pBMP-2+pFGF-2) #9 3 B 7E AL AR F, AR R KR4
JRAE R IR, FIIER BB E Al & D3 e AE B L
Fi#sh & RAAY. ACRIF Y gt —F 77 4 pBMP-2 © pFGF-2
A5 1 3B AR RAEARE A,

BT % e A K B BARSL, LSRR A TNk e Ah
BYIREFaERISEOH T, ik am om0
LIANG 5 U8 5] B s o4k J5 352 pBMP-2 44 2% T ¥ I8 B 71 25 3 B
BEEREARE. OUF ™ nl kBt A KB -FREAGRAE
DNA, 2% B AT 69 #07 £ & % € microRNA-214 37 4| F| 42
BERE ML, R ARG B R 5RO e 465
ILT mIiRNA Fp4| 7| 49 5 BB, B O B8Rk n
I i ) bk 2 A 4o [E] 4 B, i 34 AR R A R Aok 3 AT R,

ry

2019 4, OU % “HI% T PEI 5
miR-214 FHi| FI 5 A ) S 48

B X PEl L35k miRNA,
TEB T FAR Bd oAb e

2015 4F, ELANGOVAN % 4 i &1 X PEI L35 # mRNA, JEIEH
FiEk PEl 5 mRNA (&) [ HILLJTOR. DNA 75 55 (¥ il i g

TEMIT PEIE[R MR E S HE

2012 4f, TIERNEY % 14 PEI ST s :
" BB AR AR

PR S 5 A I P R A 8

f 9 e M b
2005 4, HUANG %5 "2 fil 4 3 e 3 A0 40 T o
PEI R KIS H B ERE 41— Ej%ﬂm& PEI 7 B LT b

DNA FJSC RN B P B4 A

1995 4, BOUSSIF % 134 7% 5 24 iy

e R LR
SRR 1 AL A A PEI EERRLAT SRR

El4 | ETRZHEILAZ (PE) FEFAMERE IS SE TR A E bk E

HEE R SRR ek B A DN VAREEL 7Y R o (Y8 -9'8
Ehy

ou™ 2019 ZFEMA /B BTN+ miRNAs- K BUTUE S0 - 5 OB T BB < IR T DAL/ BRI S04 S - R IR o
FEWERA AN 214 7R R4 40g/LINF, XTANMITCEIRMRENE R AR AR E miRNA-214 FHIFILRAG R R fig

LIANG"® 2020 Jif 4L s ROMWHE + BMP-2 SRt B 45 &AM (0 38 20 S0 g 4L A0 B %000 AR H 77— i T A WA 1) 6 PR A J A5 35 5 S 28, AT T
5 BARVZEN HREAR  SETIER B AR T C AN L B E B AR

KHORSAND 2020 JIZJFUE /it + £F SRZIMIEMNE + BMP-2+ B F0 K IV AL F6 b R L) S5 L TTIE W E R R K SRR S R B S R 4R D3
ARk FGF-2 B AR FITFH BRI 2

ACRI*" 2021 JRJR 4 ROJGUNE + BMP-2+ KRG RIEM AT T E T 5 L0 W -pBMP-2 FI1 5K £U0 M1 i -pFGF-2 5 4 4k

iy FGF-2 [Si MR L] I SBF 1 {5 3 o 7 4 44 TR IS FH i

CHAKKA“® 2021 3D 4TEI PLA  TEZJ#Tik + VEGF KETE PLA-PDA- Z 2SI % —pVEGF SZHR4N A FEUE W] | PLA-PDA- 5§ £, 05 I i —pVEGF [f) 3D 4T EN - F A2 3¢

B& P A B HOREHTRE I AL TSRA0 PLASCHE BRI 7E N F AN [

RiE: BMP2 ETEARAEA 2; FGF-2 ALY BRI T 2; PDA L % VEGF AME MK AT PLA ARILIR: miRNA A T/IMZRER R

Chinese Journal of Tissue Engineering Research | Vol 27 | No.16 | June 2023 | 2567



@7z TEREATERR

www.CITER.com Chinese Journal of Tissue Engineering Research

2 S

f25F FARA 553 ki, Fo & @ £ 2 42 m i F i ik
Fo e gm0 LB 49 23BN TLFF T AR AR X B F AR 69 B
kA, R H ARG S AL,
234 G Fiea iRt BWERAAHFS T EHENLR
ERBAMGEIEBERR, 2RAZ BT RE TR B G
ARAHMKESHBEEZWNE R, HABREEH B LHRAEY
HF, Pl he ERE R IRF IS AR KA ERKREK, STRK
PNEVI-6NMNANEREHNNIAFTSE - E0H RAMEIE
AN 30d 5, BB A LREMRREAERE TG A A
TRE T, BRGS0tk A RME ™. Biig
T — PRI IR 402 R Gty 5 iR ST AR LR IR, # R
BYELLR iR Ae s M A K BRI, SRR A B R T LA i
fotn g mfe = & Ak, Hdpikik A e e ERARE T 2.,

A “F¥er)” MARARANRE AR, R % £
B AR Y, AR B B AR A Bk T A R R A R s A 5
R AR . FORTE H A ™Y B B W B RAS 1 2 B R B 193] T
RE A E WA AR AR B SR, AR T g
& S BR 2h KA 4 38 7 KR B A R A 6940 5 R I 6 5 R B 2
R E®E, FiRET VBRI RGER. ARAX—RE, T
F I O TR it 0y B2 LB R B AR A LR, FHHETFA
th — P A S BR 3h KA A IS IR A e S BAR, Fe) it
Wit v, ik, PLESSELOVA % ¥ IR T —#F = AR R
A egikit, BPIR M IR —BPS— AN IRMME R #g K
T HERAK AT EE, EENELESNFT X PAT ML H
Bty IR E N, F AR O BRI EIET O AAE 4810
44 e 6] BL AR S B 2h Ao 2 ) BARIMIAS. IZAFRIE T RO
TRtk A REV A8 s R a9 &, BB AR R
AR Yo &) Be Ak fe SRAMEAE A B BAR. HTFREB R B LR
MAr, R —FE SR LR S BAR, BT EETL
Ry I @) MR RL, X AR ERAET 6 A7 @),

PRT FIR S B 3h K i A fem) Shapsh, AR AR
37 R IR 50 IR 69 %5 AL AR B M i 1% R B AT R, DUAN
2 U ) &bl —Fb 4y R BAR TR T T — AR AL BAC AR 44 KR
K] £ KL S5 M SiRNA, RS e 5544 F M A B
2K, SMAnEE35 T A% SIRNA f2 %7 B3R R 42 5 97 2L. GONG
P RIENET RO R, 27485 R ALk K kA AR,
H EEE I B AR, EARINELG IREE % miR302b 69 R A4t £ 3|
FRBmRT., el Fak A, R B &b —Frait f A,
il REIR )R G| A R R G R AL R R Ae 2 4y, W R
AL M BART T A P Fed ik, @) A R O RS A
RV R, AR R R, T ZRER L A,
18] 4= AEINEH 5 B9 ) ) 28 2 b5 T o 5 R IR T 4 o — A 37 A
4 pH BB 69 F T Th AL BRI R B, A DR O TR
RAE L S PH R B AR R B EAE, £ X ERALELAL
Fo | RABIR - 1BARAR EAR ) A An B B AL g Kk ok, T A T
ERWIET £ EE e tid; WM, Pral&e
BV AR EBRRAR (pH 5.5) s ¥ AR (pH 7.4) F 5405
G ET 43%; FFHAX@IRSEER T AR R CH LS al
A EmeIA B FEE SAERG homIRIR, 128 5T KA FH R
P BEE FBR B G| R AN R R A SBRARIE, B B e B Ae
2 M 6 BUE AR AR AR K 6 1) A A Pl

AME - FREIRERE ARG TFRAER, 2T
VAFE A AR AT 09 AE 44 EAE R . 2 BRICOUT % 7 &3t49
AR S ek B o464k (CoCr) L 28, MERLHIIEES S
Py P A, AR BB RN N5 A AR 3] CoCr- R % &k -
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B Ad, AdEe)Isth EP224283 LT L R A®
HEE;, ERBERREY, RECk-RUFHETK-F/E
205 % s AR K 49 CoCr ZLpbAR, A4 BA B2 F 6040 FXA &4,
XA FEE 2 EP224283 A A ML AL B CoCr B b, H R E
v B E N f N AR B LB ALE 529 R B 3 dn ARG TEALE
IHRAER ., %S B AR L RRITH — 2 R R, RERA
RAMZE - FHhok Z0FIORT O A ¥ed B 2 kR LR
@, RBAARGMER? MEAFH—FT YR,

3 i Discussion
3.1 BEEMBATEZISHARNSIAAGEAENRE 2L F £ 2 M
B TA 3AEFE: AREAMS T A AR Famib. sBE
BANE X BAH. RARBREEFALRFFEHLETRT
M T e e X B ARG A S B R, ILEATR R, EHEFE ML
FFEEF oy A FE R BAR, 254065 60 O T 2 A HUK
BH AR F 00 4 e 3 R oA RT ARG bk, R4 RE AR A
A Famied 2R AR EBARGNRE, FITREIE L4
HE R R I, BT T R4 9538 iR AT A AUAR M A . 3R
DAY, WE S BEIFEER, & HEE AR L
Mok B FH e L RATH E4F 09454, BT E min B G R
B FEI
ERNWBEHFE TP, WNEGHRIERTHRLLSR
THr T P BAR L RAANF SR P A E T RAFOIRT T,
FHA WAL, RIREA ARG RRRE. RARAEFTHS
A RO T A BT T R G, (2P 3RiFe4 R
FEAEQHHR BRI RBFRLAFE, —FARE ERHFT
R K T Je &) Ve RS R 4 44, ) B AR AR TR F A
PR RAERFAR B 2 4R, FIB, EARAE LR KR,
st TR M e B A BRI E 334 )5 T 88 % A& 0 L A if
ZRPIE S B AT A ARE . AW s T IR K T,
BaTAR R LRI V. AT H IR Ao LA 093832 R AR T T
PR TR Y EZMAF S P, R TR T AER S
T HEACLL L IR T AR F A e e B, TR Ra
MeE . FEF AR RS A6 BARE LS.
3.2 {FEGARXBITFAALRING R ROH LHEAEAH —HTa 5
FRAY , EERDEARKEHMEE TR, LA L1546, HR
W RTFERBL e A, BT AR L EETL
ARIRTE T T fe b L R HEAT 4534, i I TR O T et 4 b,
BREEF. FHARATEANETFAR IR MTER,
TR R KB B A E A XA T e, BATESFRE S
AR %R ek e ai ., B E AT AR T @Rt o4t T
FAAEAS BB AR Z RIS, 3R H R N IR AR
R M, PR A A EE TR A SRR B BRI
R I, AT Ot GG R R BAR R 3R R R A8 2
e EARHT KRB ML, R EAAMAEMREE, RPERREEM,
SR ARG AR 2. ot TOABAS R O T e A
EHMFehidiid, WHTRBIEEE. HEOLhRb
TR, ABTHBFARRAERITAIGKR, HEHFTHAR I
o K.
3.3 LARNNBIRME L ¥ X 27| T R O TR % HAK.
XBRAMAEARE T @R, Rt AR ey & LR AT A %k
#; 2T A E @ b ) T A AT &, A2t T AR E AL 4
fif B Ak Rty AT AR SARE b B LR 6915 S ]
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34 GARNEBEN XFLETRIHLBEATHSARWE
H AR AR, T EIVER O T e A SRS A
Fag R, MR T ESHMAERRN G RITAL AR, RiTAT
RUM R R T Re Sk A%, XARRMNARCHE
P A UL TARATIR AT AL T #7649 & 5%,
3.5 BWREEE MAR LTS LE RERE, BTk
SFROCH I8 RE AR XFINT EIKR T
W T fie s F B AR A AP T mp ey A, IR AR PRI
FoALE) B 6. BB #7 R A e R B RO A R AL, R
THh LA A R B R B R A4 TR AMH AR B AR,
BE. AMARSE. JURR K Felh gk R o @ 34 T R ARE 6
R, FHEAYGIA TR £ R @ bR A EiE
SRS, ERARBERTEFHEXBTOALF, R
Tl TR 584 AR A8 KB Rt s E ok, Rt Eé
AN AR, BIRF AL SN LR,

SV AR IRE R Sk 50 5 X ERIKT R T
e e KR Ak e . BT e Bk, ROHT
Je g B g FE e TS A E, B AT AR RS AU E
WRZB IR B a9/ &, FINT RR I eeaT R 6958,
A TR L. R ARGRARAENE FRERAGOEY
Yo ib it 7 XV FIS L A R¥ed B8 b 2L F e %A T H
AIARE, 23 T e B AT &9 72 24 4 i 24 AR e L R R AL T
FRZEFG TR, EFE—FIRE. T2ETHL, HhH—
OB FREY, RUHBIARGEM. B EE. 5475
KT FREART AR Lt be. REAT @0 FHH RE
FREGHh, AESL IR RBERFRFE, BRAT L
YAy YN

Rk, AFRE O TR e T fm iAo B 2R 40 P 8 AR R A2
AAMA e A mM AR AR BT L, RREMS R H
I e 72 4m 0L P Ao Ak ) 69 4F R AU 77 &) AT RN AR L, AR
F RO Tt B LB TA2 MR T I6 R E SR A4S B T aT ik
FafRIE,

EHTTER: TR H Ak x4, THRES A EZ L. 245
. IR A EAGR, BB AR Y. ETAFRE L. R

X F AL,
FFMR: XFE L F, EREARTPLFTESLREY R
HEABTR.

FFHURERASER: K& — R ARIRLFE, AR4E (Foindt FIFT L)
“EH - A H AR - AR 5 XA F 407 K3k, ESEII AT,
AAFAAL IR bt B R TFRIA BG4, REAY R, R AHE
IR P . TR HR. i 4707, k. RIUEEIZK, A
ZIET RG], PRI NS R C AT AR

hRAREELE: ST T 2R SRR A T U AT,

HRRSE: XFRE AT T (ARBEREESVIREIILY) (PRISMA
F). LFHMACEZEH LR ING LRGN ARBITIREE. L
FRANFUTIF £ RUGINF, PUTHFUAA XFH S RALART §.
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