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Cell-penetrating peptide Penetratin-modified liposomes for ophthalmic application: construction and in

vitro evaluation

XU Nan, ZHANG Shu-yue, DING Xue-ying
Department of Clinical Pharmacy, Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200080, China

[Abstract] Objective:To prepare the cell-penetrating peptide Penetratin-modified liposome (Pen-Lip) for ophthalmic application and evaluate its
applicability to treat fundus neovascularization diseases through topical instillation. Methods-The copolymer DSPE-PEG,,-Pen was synthesized by the
addition reaction of DSPE-PEG,,,-Mal and Penetratin, and Pen-Lip was then prepared by the thin film dispersion method. The cellular uptake experiment
was used to determine the optimal ratio of Penetratin to modify liposomes. The average particle size, Zeta potential and polydispersity index (PDI) of Pen-
Lip were characterized by the nano particle size potentiometer, and the morphology of Pen-Lip was observed by using transmission electron microscope
(TEM). The encapsulation efficiency and the drug loading of Pen-Lip with conbercept were determined by centrifugation. Pen-lip was incubated in the
PBS or the PBS containing 50% fetal bovine serum for 48 h and the stability of Pen-Lip was investigated by the change of particle size and the
morphology under TEM. The CCK-8 assay was conducted to detect the cytotoxicity of Pen-Lip to human corneal epithelial cell (HCEC) and human
retinal pigment epithelium (ARPE-19), and the uptake of Pen-Lip by ARPE-19 was observed by using laser confocal microscope. The diffusion cell
device was used to detect the permeability of Pen-Lip through the isolated rabbit cornea, and the apparent permeability coefficient (P,,) was calculated.
The toxicity of Pen-Lip with conbercept to the corneal tissue was evaluated by the hydration value. Results:The optimal ratio of Penetratin to modify
liposomes was 3%. The average particle size of Pen-Lip was (148.07+3.51) nm, the Zeta potential was (5.66+0.91) mV, and the PDI was 0.227+0.045.
TEM results showed that Pen-Lip had a smooth spherical structure. The encapsulation efficiency of Pen-Lip was (44.06+3.70) %, and the drug loading
was (2.84+0.24) %. The particle size of Pen-Lip did not change significantly and TEM showed uniform dispersion after dispersing in the PBS or the PBS
containing 50% fetal bovine serum for 48 h, exhibiting the good stability of Pen-Lip. When Pen-Lip was at the concentration of 15-500 pg/mL, Pen-Lip
had no cytotoxicity to HCEC and ARPE-19. Compared with unmodified liposomes, ARPE-19 cells had significantly higher uptake of Pen-Lip (£=0.000).

[BEEWE] MLXPHIEESCITH (18sjkjgg) s % i MU G #1259 78 B 5 S0 R0 %

MEE®MN] kW (1995—), Z, Wit/ HFEH: nan_xull05@163.com.

[BEEEE] THE, fFFH: dingxueying@126.com.

[Funding Information] Key Science and Technology Program of Songjiang District (18sjkjgg); Jiaxing Key Laboratory of Oncological Photodynamic Therapy and Targeted
Drug Research.

[Corresponding Author] DING Xue-ying, E-mail: dingxueying@126.com.

[M4EE %] https://kns.cnki.net/kcms/detail/31.2045.R.20210429.1854.019.html (2021-04-30 14:18:58).

http://xuebao.shsmu.edu.cn R R (B 2E ) L 2021, 41(5) @‘\}



596 | LHmmEASER (ELMR)

2021, 41(5)

In the experiment of rabbit cornea penetration in vitro, the P, of Pen-Lip was significantly higher than that of unmodified liposomes (£=0.000). There

was no statistically significant difference in the hydration value of the rabbit cornea treated with drug-loaded Pen-Lip compared to the untreatd group (P>

0.05). Conclusion-Pen-Lip has good stability, biocompatibility and corneal permeability in vitro and can be taken up by retinal cells, which is a potential

ocular drug delivery system to treat fundus neovascularization diseases through topical instillation.

[Key words] cell-penetrating peptide (CPP); liposome; conbercept; fundus neovascularization disease; topical instillation
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¥ BEARPE  (age-related macular degeneration, AMD) il
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165 4ii 1) J§ 4K (Penetratin-modified liposome, Pen-Lip)
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Penetratin [ (HS-) CRQIKIWFQNRRMKWKK] g
A LR A RA R, EEINEENE (egg
phosphatidylcholine, ePC). JH[E [ (cholesterol, chol) .
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(DSPE-PEG,,-Mal) . —fif i Fot 5 06 A 1ok £ B e - 2R & —
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23w, Conb HR T SRR A RAT B 5L 245 M 4 P e 0 A7 FR
/A ), DMEM/FI12 5 3% 5 . MEM K5 38 56 | i 2R 1fi i
(fetal bovine serum, FBS). H 8 R -ff&H RIAW BUHIL) .
JETFHE KRR (non-essential amino acidssolution, NEAA)
W H 2% Gibeo A H), A 1gG ELISA IR &l H 2 DU 3
B YR R A RS F, CCK-8 51 & [ 1 2
YR AR AR . SREPOEE T (green fluorescent
protein, GFP), JE¥ 4L (Nilered, Nr) Heflig bR
HeERHLABRA R o HAR 2 4 Hr

Jie i 25 J A [ F i KB A BR A 7], Zetasizer
ZS90 T 44 KL JBE H A A I 3 [ Malvern A /], JEM-
2010 B iE O B W BB
microscope, TEM) I H H A JEOL /A /), IG5 ¥ Uk
2 HLE A 15 E Eppendorf 23 /), DMIL %66 W55 A
T Leica /A F], BOCHAMILRMERMEIWAH A
Olympus 23 i, # & TAEG I A VE LM E b 08,
MS-H-PRO % S5 Fi 4 W F K e 2481 S 96 AL AT FRA 7]
MULTISKANMK3 BRI H 5 [ Thermo 23 7]

(transmission electron
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NUE SR B B2 40 (human corneal epithelial cell,
HCEC) Wy H At st b g G AE DR R BT e, A HE I AR 2
Z L 410 (human retinal pigment epithelium, ARPE-
19) 1 BT — AR BEBEPMGE AR PRS2 15

HCECfE & 15%FBS . 1% X4 . 1%NEAA ) MEM
R M 3R, ARPE-19 75 % A7 10%FBS . 1% MUY
DMEM/F12 853851555, WE T &MU HR37 C, 5% CO,
PSR FRA o E UITE AT WA AN AR K AB Ol . R
AR Rl 1k 80% I AT HAX, 2 225 3~8 AU 47
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1 DSPE-PEG,,-Pen £EMNEMREE
Fig1 Schematic diagram of synthesis of copolymer DSPE-PEG,-Pen
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Pen-Lip il & 751k [A] I, X 5I7E T4 DSPE-PEG 0, &

# }) DSPE-PEG,,-Pen. Lip/GFP. Pen-Lip/GFP. Lip/
Conb. Pen-Lip/Conb (il #5 /5% m b, XATETHKEA
Ji PBS ¥ W 4 % GFP 5} Conb 19 PBS 1 . NrAwic i

R e b, AR 78 R Z BT IS B Nr T Bl
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1.5 Penetratin &4 Lk ) /) i &

T 20 R S 5 SR B B A e A Y AR A
Penetratin f& iffi F 4] 181, 5 HCEC 422 2x10%/4L ) %5 J3 22 A
T 12 LA IE AR T, AERGFRAR TR SR 24 h 5 1] PBS 1
VE2H, ¥ 1%. 3%. 5%Pen (DSPE-PEG,,-Pen ¥ & /3
M 1%, 3%. 5%) &M Pen-Lip/Nrim BN A 12 fLHR .
Yl il 55 Pen-Lip/Nr % 5 4 h /5, A% 1000 IU/mL fFZE 1Y
PBS FUK EyE¥ 3k, KBNS A (4 Pen-Lip/Nr, K
Y032 L AE AR L 1 mL B9 PBS w37 B FHR) B 26 i
Bt AR G LA A B XS T Pen-Lip/Nr (A FEHUE O . i Image
VIRAER 385608 B AT 2 53T o

1.6 I LA iy A AEAG
B 100 pL #4517 Lip, Pen-Lip¥&ie, il 101455
A b, IS A SR RLAR S A4S 3 A 0 7 ~F- 14k
1%, Zeta BN LAl ZE %L (polydispersity index, PDI).
FH TEM Wi%E Pen-Lip IIEAS . B/ N0 I B A ik 5L
FERRERC A 090, FH A A UHT 6 ] 25 119 Pen-Lip V5, 166 17
FESD R b RS R E RO B, JOER B R R i £
P T g WA R YR, R I E AR TS BT
BRGNS, BB 75 kY, WEIFHAM,
SR B0 1T TR ) B R 2 R
# 1) Lip/Conb, Pen-Lip/Conb 1T E.L> (4 °C, 11250xg,
20 min), 35 0.45 wm B FLIERR A €, 1853 ELISA
R Bk E LR Conb MUMEEE . MRIELLF AT
(ESE SR
@ﬁ$=TQ/\E‘J%%E\FE%—J:?%WEP%%E‘JEE
R ININEZE7/ BN
B2 B - L IE R 2
AR TR A ST i

x100%,

W=

x100%

1.7 REVEWFS

h T BN TAARAE AR AE B A T AR E
LI PBS . 5 50%FBS [ PBS S A5 - 5 AS [|] ik )
Lip. Pen-Lip FRiARR/IN, 48T EE il £ 1) Lip. Pen-Lip 43
HUTE PBS I T 0k % S0%FBS () PBS IF T Y, 1 Wi A A
B4 (0h, 1h, 2h, 4h, 8h, 24h, 48h) HUEEIE NS
JEARE) T RIAE, JF1E 48 h)E BUREFASE L B A

1.8 4 A % %2

FJH CCK-8 V% Lip. Pen-Lip 4 41 il #5: P 4T %42 .
¥ HCEC . ARPE-19 Zilifi$# 5x10%/4L %% B2 70T 96 FLAN
M REFRb T, FER FRAE T 53R 24 h 5% Lip. Pen-Lip H
TG Il ¥ B 7% S50 B ROk Sl 15, 30, 60, 120, 250,
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500 wg/mL W INA 96 fLAH . 977 24 h )5 H PBS U
B3, A 100 pL & 10% CCK-8 X7 A B R 3L, A
ERFR AR L he FHESAROM 52 4 FL7E 450 nm 2 A9
JEEAB I 115025 Vi J3E A B ) 240 LA T 2

1.9 ZHLRF I A 8 BB 08 e A

75 24 fLAR Th ISRl B IS G RE 3588 R, fF ARPE-
19 4 4% 5} 10YAL I % FEHER E s g |, TESS SR AR
IR 24 h)E, HICMIE TR SR . T PBS THEVE 2 i
Ji, ¥ Nr ekl Lip/Nr 8% Pen-Lip/Nr 19 JC IfiL 1 B 3¢
FImA 24 fLdR . 37 CERE 3 hJim, I 1000 TU/mL JiF
R PBS Tk By 3, LERAIMEAMEE G 1Y Nr ekt
Lip/Nr { Pen-Lip/Nr. ¥ 1 4% 2 2 W & [# % 30 min,
PBSVEM 3. WH 10 wL & DNA 454 YLt DAPI 5%
VKB RO TE R R b, NOBUR SRR R, BA @
I A — I W A A 3 R B b, R 30 min
i FH RO 4 3R £ 8 B LS5 40 X B T A ) 4R B
L

110 AR5 IEVEFALZY & PEAS I

R B0 26 8 0 5 Pen-Lip/GFP 3 i 5 14 £ LAY
BiEM . VLR R 10 mm, §HEE Y 0.785 em?,
T gk - K T S O ) G A A SR R e, A
BRORER, /0o diHs I (i [R] J] FEL 249 2 mm 58 B2 A9 JLE)
MHRER PRI, F PBS 3248 bk o A JE K - ik A A3
R 53R 0], (A B b e 3% v ) AR,
e TG o A I HH A P R S A B B AR e TR
FFAE 34 °C, W70 45 P15 B R 100 /min. BEAART 430
3 mL GFP, Lip/GFP, Pen-Lip/GFP (GFP ¥ J¥ & 5 mg/
mL), AR RS AFAPBS W, HFJ A f A 5 4H 21
SR e o He . E4Ah N, B 0.5 h A2 A S R
100 WL AF 5, AR5 7 BIRh 78 45 5 64 PBS. il T B AR {30 AG:
DN P BORE (it v GRP U B, IF T AR 2 R AR R Y
RMWBERLP,, (cm/s):

A
P = W%M)OO

Horb AQ/Ar & GFP W FEBEI (8] A9 A2 4k, 5 i th 2k 2k
T RPRERIR ;. o, Fm GFP WHIIRMREE ; A4 Fm i
B EIE AL 3 600 RN T

e FH A [ %% 11 J5 VA6 Pen-Lip/Conb X 15 14 £ i 14
BB, A% 534 3 mL Conb, Lip/Conb. Pen-Lip/
Conb (Conb ¥¢JEH4°h 1 mg/mL), ZIRTE NZEIAFL PBS i
e, FELISA G @Al S URE i i Conb RYMRIE . £
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BVESLI 5 @ i MK A {E (hydration value, AH) #I
RO IR BT FA IR S Bk . DAY HICK ' b B A
BRI IUBE L SR, KRR B AL, il
Hm,, TE65 CTHEF 48 hjG FkFrE:, Fiimid hm,, I
FRR AR AR A

my — m,
AH = ——x 100%,,
m,

111 SEilkF b

fdi F GraphPad Prism 7 #7482 50 b7 . 2 1 756
xks FR, AL HEHOR A 30 25930 P<0.05 1K 22
SAEAGITFE
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2 &R

2.1 Penetratin & i) {1l Lb i)

AT R R S ARAE M BT 7% (1) B {4 Penetratin Lt ] ,
38 1 20 B B S 56 B4k T AN [R] EE ] Penetratin & 115 1)
JOT R % A4 B 10 HRALR T 3 5 iR B K /N R R OR 1
Bk AL, WE 2 B, 34035 658 4 5l ok
27.57+1.28, 35.53+1.12, 27.34+0.77, 4 3%Pen & 1fi
R BTAARE, P96 B iR &, 5 1%Pen . 5%Pen & i
HEFASHIFE L (3 P=0.000), FHZ &
2 Bl 20 M 5 OO e o S S A I 2 3%Pen &
i g B A

A 40+ B
2
7]
5 .
g8 35
3
£
Q
.
S 30 ®
= ®
= ﬁ
<
L
50 ym 50 um 50 um = 25
1%Pen 3%Pen 5%Pen

1%Pen 3%Pen 5%Pen

Note: A. Fluorescence microscope images of Pen-Lip taken by cells. B.Mean fluorescence intensity. “P=0.000, compared with the 3%Pen group.
2 A[EI L5 Penetratin & i A5 B 4445 40 AR BN 1B R O LL 32

Fig2 Comparison of cellular uptake of different proportions of Penetratin modified liposomes

2.2 IR R AE

Lip (- HPRi4e ok (143.87+2.49) nm, PDI N 0.241+
0.021; Pen-Lip [ #4442 K (148.07+3.51) nm, PDIK
0.227+0.045, SIESES0A (B13A), K] Lip K
Tiii Penetratin Xk A2 K /NS 5200, I8 B R 2 e
KLU Lip I Pen-Lip f4 Zeta B (743 ) 8 —(3.17+0.55) mV
Ml (5.660.91) mV., AAEHMHiR} Lip i) Zeta LAV 4 F{H,

Intensity/%

1 10 100
Size (diameter)/nm

3 Pen-Lip B9#I12 4> 75 E (A) 1 TEM E 4 (B)
Fig 3 Particle size distribution (A) and TEM image of Pen-Lip (B)

2.3 IR R R P
Pl AA 2 S [m) B ] 5 A9 I B AARE AR KN, ol LR
Lip Fl Pen-Lip 7£ PBS HI5 50%FBS (1) PBS ¥ i HH i & 48 h
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1000 10 000

Xt Lip #EAT R &M )5, T Penetratin {7 [E Hi faf , Pen-
Lip [ Zeta B 28 J 1IE{H . TEM 14845 S 4n /&1 3B iR,
AILAF ) Pen-Lip ARG HBRIE 4544 o i 1F ELISA £
ASE) Lip 9Bl (40.47£3.46)%, #2658 (2.61=
0.22)%; Pen-Lip ALE K (44.06+3.70)%, 25N
(2.84+0.24)%, MEMAHT G LB A3k 2y 7 22 3 G124
E X (P>0.05),

A B

Ja, FYRARAEA K, FEA LR R AR AR RN,
TEM 4553 (Kl 4B, C) /R Lip. Pen-Lip ifft & 48 h )5 47
W5, A RERE, REMHKL.
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Particle size/nm

—&- Pen-Lip(PBS) —#— Pen-Lip(50%FBS)

100 | | | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50

Time/h
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o100 0m

Note: A. The particle size change diagram of Lip and Pen-Lip in PBS with or without 50%FBS. B. TEM image of Lip in PBS. C. TEM image of Pen-Lip in PBS.

4 Lip # Pen-Lip B8 E
Fig 4 Stability of Lip and Pen-Lip

2.4 RISV i 2 e v e

il FH #f B Rz 40 i HCEC AL I S € 2 b Rz 40 Jifg
ARPE-19 %%¢ T Lip. Pen-Lip X 40 i HEVEH] . &I 5A
TR F M Y Lip . Pen-Lip 4382 J5 1Y HCEC £
R, K SBRRMEARMEER Lip. Pen-Lip &b 2 )5

[ Lip

120 M Pen-Lip
100 |
80

60

Cell viability/%

40+

20

15 30 60 120 250 500
Concentration/(ug-mL™")

5 ZREIREH Lip.Pen-Lip X HCEC(A)#1 ARPE-19(B) B 4 i1 = 1446 7

i) ARPE-19 4il Jfi /) 77 1% % . Lip. Pen-Lip ¥ B 7E 15 pg/
mL 1500 wg/mL 35 [l IS, 5% 248 J6 60 RR o 5240 ff 341 A
90% LA I B4R AAF TG 2R, 2 Ff 41 i 14 AR 4 R A2 I B
FWA Lip. Pen-Lip X A7 15 21 Jfa R4 190 5 40 g 7y 2 1 45 4%
%, VAR

[JLip B
1201 [H Pen-Lip
100

80

Cell viability/%
D
[~

40t

20 |

15 30 60 120 250 500
Concentration/(ug-mL™")

Fig5 Cytotoxicity study of different concentrations of Lip and Pen-Lip on HCEC (A) and ARPE-19 (B)

2.5 AR SR PR HEIUNG B

7£ ARPE-19 41 i1 43 51 55 Nr 4k} | Lip/Nr fil Pen-Lip/
Nrd&iEE 3 h)m, IO Gt 3R A 1 s 58 4t it xof
TG TR BEHUE L . & 6A B, 4% 4H1E ARPE-19 4
M BT, Ne JeRH A I RILE 65, Lip/
Nr 4 A /DB AL (456G, Pen-Lip/Nr £H 5¢ Y6 55 & % 3 .
FH Image J X960 B #E4T2F E #40#7 (K1 6B), Pen-Lip/
Nr 4129650 B 42 Lip/Nr 4l . NreRHAR) 1.7 6%
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