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Effects of targeting modification on intracellular transportation of PEG-PCL micelles in human cervical
cancer cells

YANG Jinjin"*, YU Qinghua"®, YU Lingbo"*, ZHANG Yadong™®, LIANG Donggin’, SUN Yuyu’, WANG
Huiyun’, CUI Yanan® (1. School of Pharmacy, Shandong Second Medical University, Shandong Weifang
261053, China; 2. School of Pharmacy, Jining Medical University, Shandong Rizhao 276826, China;3. School
of Pharmacy, Shandong First Medical University, Shandong Tai’an 271016, China)

ABSTRACT OBJECTIVE To study the effects of transferrin-targeting peptide T7 (7pep) on intracellular transportation of
polyethylene glycol-polycaprolactone (PEG-PCL) micelles in human cervical cancer HeLa cells. METHODS Using coumarin-6
(C6) as fluorescent indicator probe, both coumarin-6 (C6)-loaded PEG-PCL (PEG-PCL-C6) micelles and 7pep-modified PEG-
PCL (7pep-PEG-PCL-C6) micelles were prepared by film-dispersion method. The particle size, polydispersity index and appearance
morphology were compared between two types of micelles; the real-time uptake of two types of micelles by HelLa cells was
compared, and the colocalization of two types of micelles with early endosomes (EE), endocytic recycling compartments (ERC)
and late endosomes (LE) after entry into the cells was observed. RESULTS The particle sizes of PEG-PCL-C6 and 7pep-PEG-PCL-
C6 micelles were (75.0 £2.3) and (82.0 + 1.5) nm; the polymer dispersity indexes were 0.17 £0.20 and 0.17 +0.32, respectively,
with a regular spherical appearance. The colocalization results showed that entry speed and amount of 7pep-PEG-PCL-C6 micelles
were significantly faster/more than those of PEG-PCL-C6 micelles. 7pep-PEG-PCL-C6 micelles entered EE faster than PEG-PCL-C6
micelles, while PEG-PCL-C6 micelles entered ERC at a faster rate than 7pep-PEG-PCL-C6 micelles, and both PEG-PCL-C6
micelles and 7pep-PEG-PCL-C6 micelles tended to accumulate gradually in LE; Pearson coefficient, signal overlap ratio, and
colocalization ratio of 7pep-PEG-PCL-C6 micelles with LE were significantly lower 60 minutes after entering the cell than those 30
minutes after entering the cell (P<<0.05 or P<<0.01).
CONCLUSIONS Targeting 7pep modification can increase the
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(No.yb202223) entry speed and amount of PEG-PCL-C6 micelles, and also
* E—{EE Wi WAL, BFSE A 255 2% . E-mail: alter their intracellular transportation behavior.
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251 1k R G 2B U T N A i ik 5 LA
e im iR W AR ARG R UA R BEAR B Y 3
Bl a] 1 50 23 DARCAR -2 R 2 A W i T8 R [R) 7 A
M, 76 3 4K (early endosome, EE) 4 fi i 14 34 355
TR 52 AR E 2R SRR 0] B R TH ST T
—ACRIIEER , N BCAA 55 3 S ) 0 D0 4 S s R
N4 (late endosome, LE ) /I BHA I RERE 1, SR,
B 321K (transferrin receptor, TFR) /S A 41 il N A&
SR 3% 8 1 (transferrin, Tfn) 55 TIR 7EMEAM4E
G5 22 LA TR-Tn-Fe" & 5 WRIIE X N AN, EE {UR
JCFe” i 52 5 W e AR g 32 K- R 2 DB X TR AR AN
ZARIE AR T T IRER R A& 52 R IR S
B A AL A iz 3R 0] 2 AR 18T, 70 38 21 B4/ 1 i PR R 5
B, 282 B WS HRGRCR R E AN R, R,
X TR AT 14 32 Sl 4 1) 336 2% 3R 40 () B N e is A7 gk AT
5T K Rz KIE R RGN SOt ES S % i
T T o318 K, FEXT R BRI TIER A I i, 23 T30
YA AR AR A A Ao I T 5 ) i 82 4 B i i ML 7
Z % PR H A K T7 (transferrin-targeting peptide
T7, Tpep ) & — i3 5o I TAT 1% i 78 2 A i 18 45 3] 09
JIK, et 5 TR FE LSS G 9 1z F ARG A g 8 ]
ik R R BCAAS T, BT, AR LI S R -6
(coumarin-6, C6 ) > ¢ S A8 /R BREL , 38 A3 v A5 43 TV
AL A C6 IR & - 2 W BE (polyethylene
glycol-polycaprolactone, PEG-PCL) i # ( fij 7% “PEG-
PCL-C6 JiZ 5" ) sl 4 3k Tpep &1 ) PEG-PCL o (TR FR
“Tpep-PEG-PCL-C6 i H ") , SR J5 WLEE L 3k Tpep 14 M %)
PEG-PCL it o 1£ N\ B #i i HeLa 411 i N 5538 17 W AU 52
M), LAUHA A =S i 9ok 45 25 R ARt S5k, DR
FHOCH AL T B R 4R 2%
1w
1.1 FENF

AHIRGE T ZA AL HE 1910 FR £ CO. 557
i (SEE CTIZA W) FDU-2110 U R T4 AL (L1652 1)
I ERA FRZ 7)) (TCS SP8 U 3y 5 i I 45 (£ )
Leica s ) \Nano-ZS90 AU IOk BE A (95 & Malvern 2
) \LC-20AT B g8 il A €435 4% ( H 7 Shimadzu A A ) |
N-1300 AU e f% 7% &AL ( H AR mr # Ak s bk L 254t |
JEM-2100PLUS R4iZ& S i B2 ( HAS JEOL 24wl ) o
12 FEAHRSAFA

PEGuuo-b-PCLswo ( It %5 MKCM9500) 1 H & [
Merck 2 7 ; Tpep-PEGun-b-PCLsuo ($1t5- 20231222) th ¢
T BB 2 A B S e E [ il 5 C6 (A5 LT60P69 ) 11 [ It
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U RIEFHEA RAF] g (LS B2211267, 4 =
99.9% ) WA 1 _F BT RL T A AR e A BR 23wl 5 B 4 il
TF (Jtt5 2282897RP) I H 3£ [H Gibeo 24 H ; RPMI1640 K
Frhk (At L0403400) 1 5 rhRNA R (b5 BHATRR 2
A3 AR LS A (BSA) L 0.25% (1 R 2R A RSN AL Pt
PENETENRE F 7] A% L 24N R 1 52 3 38 X-100 (it
243 B 2R 1218Q057 . 20210201 , 20221114, 20201224
112K022)#4 3 I3 23 FRHE A BRA 7] ; CellMask™
RS 3 2 5 S 4 €, 551) (L5 2549243 ) g [ FEER K IR B}
H (DA R ) 5 % il Rabb  Rabl1B £ 52 44 (1%
5358 ab13253 ,ab3612) Fl 47 i Rab7 H 5w BEHTIA (57
5 ab126712) , Alexa Fluor” 647 Fric (%' H1 % 1gG H&L
(525 ab150075) ¥ [ 9 [E Abcam A .
1.3 #Afm

B #5095 HeLa 4 LIV 1] ] 5 26 4 s 2 S 50 4 M ¢
5%
2 FHik
2.1 TR SR A &
2.1.1 PEG-PCL-C6 iXH

FIE I PEGaooo-b-PCLsooo Z N5 Wi (2 mg/mL)
FC6 2R (1 wg/mL) 4% 2 mL, T 40 °C F REOG ek
FRR MR B G F IR T+ 2 60 °C
J& A 60 °CHIBEIR L 2% il (PBS) 2 mL, #JE 4 min,
75 5 min, i3 0.22 wm JEE, BI15 PEG-PCL-C6 X3
2.1.2  Tpep-PEG-PCL-C6 JIiX

FHEIHE HF A A Tpep-PEGoe-b-PCLwo £ Nt V5 W
(0.672 mg/mL) 1.2 mL ., PEGuuuo-b-PCLswo 2. F5 7 W (2
mg/mL) 1.7 mL DL K C6 ZJiE ¥ ik (1 wg/mL)2 mL, HoAth
AIR[E“2.1.17501, R4S Tpep-PEG-PCL-C6 JIK 3 .
2.2 FRHRMIZE B EIREINE RO S EZ

) O RL BE A, SR 8l 2 6 8 S v&  E PEG-
PCL-C6 Jig W 5§, 7pep-PEG-PCL-C6 i 3 (k42 K 243 1
F8 %0 (polymer dispersity index,PDI) , & E HOCHR I KN
633 nm, AS G5 BCFHEH AT /A S 90 ©, W iR R
25 °C JEIRECH A 3h” . SR AIE S AR A P A IS R
MRS UK S0 BO 5 L, 50 T4 1) |
FE 10 min, W40 92 10 2 A M WA, 515y 5T 50
LSl
2.3 BRMMANHEITITHREER
2.3.1  HeLa 4l g X B o 8 SE IR IO 2

$ HeLa 20 il LA 45 1L 6.0 X 1074 iy 2% Jif 152 o 5] 41 3¢
PG/, BT 37 °C 20 M s 24 h i & g,
A 500 L iy CellMask™ ¥ €6 20 Jfd J5 Ji55 g 45,51 , L 2, 10
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min, W34k, F PBS VeV 3 UK. B3/ NILKE & T
WOLILRE B MR & b, SRR 40 B 3 1A
1% 5 T E 488 nm 4% (01 & 3 1B A1 555 nm A% O & i i,
F/NILFTA 200 pL 9 PEG-PCL-C6 i 5%, 7pep-PEG-
PCL-C6 i A (FH ¢ 4 15 35 HE A B, C6 Jit 1t Vik &2 Ry 150
ng/mL, F[A]) , I F X-Y-t B e AR 3 s Xof 0 32 2 X J
eGR4 54 3 min,
2.3.2  JCHAE HeLa 21 i PN (973 % %%

¥ HeLa 408 LA A FL 1.0 X 10° 4N 1 25 e e 31 24 7L,
BoH, 24 40 i %% 5 1k 80% 22 A7 B, A 1 mL ) PEG-
PCL-C6 Ji& # 5%, Tpep-PEG-PCL-C6 i 5 AF Ky 523620 | [
B 2 AR (I 1 mL S84 B35 468 ) , 40 3 T4
M b A i E 3.5.10.15,30.60 min, MFHE L5 HIE,
TUH I 35 135, 3 VK PBS YRR 3 YK, A 4% 40
2R A0 i [ 22 T 500 L [ 5E 40, A 5 0.2% il 4 X-
100 HBERR 2% vh£h 1 W (TPBS) 1% AL 40 i 5 min, BN A
T 3%BSA ) TPBSIFW, T°37 °CI#H 1 ho AR5, L5
43 B A % 1% BSA B TPBS ¥ 7 i F¢ 1) Rabb
Rab11B. Rab7 Ht {4 (# B LL 41 43 %1 & 1: 100, 1: 200,
1:200) , 25 (A XF B AL A & 1%BSA B TPBS 5, T
4 °CNIFE AR U B BGH 41, W5 1V W, PBS Tk
VRAHARL 3 Y, INA —HL (R LL B 1:200) , T 37 °C 1 i
H L h, W 75, 75 A PBS VR4 3 R .l ot
IR A 14 W %E Rab5 \Rab1 1B Rab7 7E 41 Y 752
G 100 SR AR T RT3 B IR AR A e R
55 TS R DL I A RO RN IR 5 BB N A
1H¥1 % (endocytic recycling compartments, ERC) Ll M LE
PFE RGO . F BRI SE )5 , B AR BT 30
HUUGRYET
24 SFItERHE

>k JH GraphPad Prism 9.0 B AT S8 o0 4. A~
R 2 DR 3NN [ AL BT B4 L %) B | 25 SR LAF- 1
{ET x £ 5 R, SR FBUR ¢ 46 58 43 BT H 3¢ ) — B[] P 4
FRETR N 25 5, SR FH B DK 2R 7 25 A LU TR A I SRAR [ s
225 . KBk @=0.05,
3 #ZR
3.1 ECREYKIZ PDI RSP ES

PEG-PCL-C6 [l 1 Tpep-PEG-PCL-C6 i H 1) F- 14
K443 54 (75.0£2.3) | (82.0 £ 1.5) nm, PDI 43 | A
0.17+0.20.,0.17 +0.32,, FM W8 357 Fy B0 2 i [ BRE . 45 5
L LATA 2,
3.2 ZHBEXT AR AYSERHRENE 5

PEG-PCL-C6 i % 1 Tpep-PEG-PCL-C6 i 7E % %%
o T] B N X5 A ) W B A LA T8 . Tpep-PEG-PCL-C6 i

FPIEZB 202444 35 54 12 1)

TR A M T S R B i 38 B B /2 T PEG-PCL-
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FE S I R R LA 3

S : CR151-
01 i L=
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£ 5 ; =
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0 ! 0
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1 FFBCREIRRAR TR
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B2 MARERAIMAESBREE

PEG-PCL-C6 Jlii

Tpep-PEG-PCL-C6 Jli

20pm 20um

0s 30s 3 min
B3 MR ENEELREEIRBHMER

3.3 BSRIEHeLa AR B4 FIER
3.3.1 Bk 5 EE Ry @ A

Tpep-PEG-PCL-C6 i R 7E A fifd 5., 10 min i 5 BE (¢
FEORFRAA G R B A 5 H S R AL 7 HR (A 10
min 5 [& 41 ) 3 3 55 T PEG-PCL-C6 i 5 (P<<0.05 &,
P<0.01) , % B 5 PEG-PCL-C6 Ji& W8 I %% , Tpep-PEG-
PCL-C6 R AEGE TPt iff A BE. 45 UL 4 R 5,
3.3.2 R 5 ERC 3L E RiE

PEG-PCL-C6 JiZ s 7E AJME 5 min it 5 ERC 132 17
IR %5 , 1M Tpep-PEG-PCL-C6 it R AE A 10 min B 5
ERC 13t 52 7 kb R 8 5, H A 10 min B} 7pep-PEG-
PCL-C6 X3 5 ERC Y B2 /R C R B (G o ER L%
e 7 b3 3 m T H AU 5 min B (P<<0.01), 7
2 A]E F Y, A KL 5 min i, 7pep-PEG-PCL-C6 JiE #
R IR FRAH S R B M55 B H R e H R i 2
fi6F PEG-PCL-C6 iX H (P<<0.01) . 455 L&l 6 A&l 7,
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0.6 a 25 a4
3 a 20
i&v 0.4 . ! i ZE 15 =
o EaRU)
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3.3.3  BORY5 LERYE (i # ., Tpep-PEG-PCL-C6 it 5 A Hfl 60 min i} 5 LE 1% iz

Tpep-PEG-PCL-C6 i s AJiil 15 min J5 5 LE 3t RERM X KRB A5 5 ES R g 47 38 &K
SE A 2 5 e B T s AR B8 #4, 1i PEG-PCL-C6 iX - T A 30 min A (P<<0.05 5k P<<0.01) . %5 WL 8
RN 15 min J5 5 LE A L@ (7 b R L-F 28 m#s Akl 9.

Tpep-PEG-PCL-C6 JIi o Tpep-PEG-PCL-C6 [ Tpep-PEG-PCL-C6 X5
== PEG-PCL-C6 g3 == PEG-PCL-C6 JiZ 3 = PEG-PCL-C6 FZH
a
50 = |
[ m 1
40 -
W L: 30
ke {20~
K H
%_.\\1
] 10
0 -
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Fis} ] /min s} [R]/min i} ) /min
A BRFRANIE R AL B AR S EEILE CHEEN R
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04 = o 0.6 1 {_,"‘ 2 |b 10 4 'ﬁ
3 30 4 -
i o : 3 0.4 4 &
] = ®
o I )
Z 0.2+ e = 20
<§ il ‘;
IS 2z 0.2 H
2 0.1 4 10 -
0 0 0 -
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5[] /min /] /min 5[] /min
A SEIRPRHE R AL B. RS EGLH CALEN LA

a: Tpep-PEG-PCL-C6JiE i AR HA] He 4%, P<<0.05 ;b : Tpep-PEG-PCL-COMIE i A [ 1] L%, P<<0.01,
B9 MWMERSLEMEEMNSH LR (x+s,n=3)
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4 g
AR R H i B8 53 B0k i 48 T Tpep-PEG-PCL-C6
JEE A L K PEG-PCL-C6 JEEH , 45 5 K8 73s , WA 7of 52 3R )
REZERNAK, HITE 80 nm 74, HAM %), AMUUARAL, 7]
DU T J5 SR i s HILH Y HL o
KL 25 R GG (1) 2 M 2 S i A BE (FF
SEPERRICY) A Rabs S H) , 2R )5 J& ERC CR S ERRIEY)
A Rabl1B #F1) , fieJa 7 LE CRe SRR ICH) A Rab7 2
FDY AR HI e ie 414k, FIH] Rab5 \Rabl11B L)
J RabT (R S PEHTAT 41 I HEAT e 9t e, R
G55 PR R o A 200 i 52 P 5 B S 50 25 2R L, Tpep-
PEG-PCL-C6 i 5 49 A 3 22 R 3 2 W] el phy/ 22
PEG-PCL-C6 Ji i, A7 W1 i 14 3= 5l 8 1] 42 4iE 5 Tpep-
PEG-PCL-C6 i # tt. PEG-PCL-C6 i 5 Al fi% T et A
EE, {H A5 1) PEG-PCL-C6 IR 4% iz E A ERC f134%
¢ Tpep-PEG-PCL-C6 i 4 1t , H PEG-PCL-C6 Ji 3 Al
Tpep-PEG-PCL-C6 fi R 7E LE 474 & i B $h; R
[F] & , PEG-PCL-C6 it R i A LE J5 #5722 828, i Tpep-
PEG-PCL-C6 [ H#E A LE Ji5 B B[R] 4, B 2R AR R
B AR SEB IR JEM LR T RRIR. it
Al W, , Tpep-PEG-PCL-C6 Ji o () Jid N 5% 3217} & PEG-
PCL-C6 JEHUAR], FTBEAATE LE kiR 15 0L
25 BB, $83% Tpep B M 1] #2225 PEG-PCL-C6 JIiE PR
AN AR AL 3 AT DA O N R #5384 5 8 o
ABIEGE AT Jy 4 J S S 1) 2590 196 15 AR 0 A0 R A L A i
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