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[ Abstract | Objective: To prepare retinoic acid (RA) and irinotecan (IRI) co-loaded
liposomes (RA-IRI@Lip) and evaluate their in vitro therapeutic effects against anaplastic
thyroid carcinoma (ATC) and their ability to eliminate cancer stem cells (CSCs). Methods:
RA-IRI@Lip was obtained through the co-encapsulation of RA and IRI within liposomes,
using the thin-film hydration method. The particle size, Zeta potential, encapsulation
efficiency, and in vitro release profiles of RA-IRI@Lip were characterized. Hemolysis assay
was conducted to evaluate blood compatibility. Cellular uptake of FITC-labeled liposomes
was assessed. The in vitro anti-ATC effects were evaluated by cell counting kit-8
(CCK-8), calcein-AM/PI staining, and Transwell assay. The synergistic effect of RA and
IRI was analyzed using the combination index, while flow cytometry was performed to
detect the proportions of aldehyde dehydrogenase-positive cells and CD133-positive
cells. Results: The prepared RA-IRI@Lip had an average particle size of (210.3+5.2) nm,
a polydispersity index less than 0.3, and Zeta potential of —(13.7+2.3) mV. The
encapsulation efficiencies of RA and IRI were (88.1+2.9)% and (86.8+1.6)%, respectively.
In vitro release studies showed that RA-IRI@Lip significantly delayed the release of both
RA and IRI, with 48-h cumulative release rates of (66.2+3.6)% and (77.7+4.1)%,
respectively. Hemolysis assays demonstrated that all tested concentrations of RA-IRI@Lip
exhibited hemolysis rates below 3%, indicating good hemocompatibility. Liposomes can
be efficiently taken up by ATC cells after FITC labeling. CCK-8 and calcein-AM/PI
staining demonstrated that RA-IRI@Lip significantly inhibited the viability of ATC cells
and promoted cell death, with an ICy, significantly lower than those of the free IRI group
and the free RA+IRI group (both P<0.01). Combination index analysis demonstrated
that both the free RA+IRI group and the RA-IRI@Lip group exhibited synergistic effects
(combination index <1), with stronger synergism observed in the RA-IRI@Lip group.
Transwell assay results demonstrated that RA-IRI@Lip exerted the most significant
inhibitory effect on the migration and invasion of ATC cells. Flow cytometry results
showed that RA-IRI@Lip significantly decreased the proportions of aldehyde dehydrogenase-
positive cells and CD133-positive cells (both P<0.01). Conclusion: RA-IRI@Lip was
successfully prepared, achieving synergistic effects of differentiation therapy and

chemotherapy of RA and IRI, thereby effectively eliminating ATC cells and CSCs.

[ Key words| Anaplastic thyroid carcinoma; Cancer stem cells; Retinoic acid;

Irinotecan; Liposomes
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[ 45B&IE | W Ik AR K 5 4L 7% (anaplastic thyroid carcinoma, ATC) ; #L3% B (retinoic
acid, RA) ; 47 = # B (irinotecan, IR1) ; =47 4% Bt A Mg Bt A= 2% ( dipalmitoyl phosphati-
dylcholine, DPPC) ; — A% A5 Bt A & fig Bt & B3 e — 2 & = B 2000 (distearoyl phospha-
tidylethanolamine-polyethylene glycol 2000, DSPE-mPEG2000) ; 5+ A% #L B & K &
(fluorescein isothiocyanate, FITC) ;4', 6- = Bk 3 -2- 5K 2k v3] & (4/, 6-diamidino-2-
phenylindole, DAPI) ; 45 3% 4k % — T Bt &, ¥ B (calcein-acetoxymethyl ester, calcein-
AM) ; #AL #2Z (propidium iodide, PT) ; 2m el 1 4% X, 7] & 8 (cell counting kit-8, CCK-8) ;
oAz 133 (cluster of differentiation 133,CD133) ; 3£ 42% & (phycoerythrin, PE) ; 5§
B2 3k 2% 7 ik (phosphate buffered solution, PBS) ; 2 2% 48 &, 3 % (high performance
liquid chromatography , HPLC) ; #9417 & (half maximal inhibitory concentration , ICy,)
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Figure 2 Particle size distribution and stability of

RA-IRI@Lip



+ 510 - WITL R A2 (BE22 /) Journal of Zhejiang University(Medical Sciences)

0.23)%. JiFE5 RA FIEES IRLAE 12 h N Y 2 EVR
i 43 ) 3k 3 (85.9+4.3)% A1 (96.4+1.6) % , 1M
RA-IRI@Lip H' RA Fl1 IRL7E 48 h PN i) R FURE i
I35 M (66.2+3.6) %1 (77.7+4.1)% , W IE 3, #E/R
RA-IRI@Lip B A BRI

100~

-
[
T

w
=1
T

RA-IRI@Lip*HRA

SRR (%)

25k — RA-IRI@Lip*IRI
IFERA
—a— JiFEIRT
0 1 1 1 1 1 1 1 ]
0 6 12 18 24 30 36 42 48
f$iE) (h)

RA: ¥ 85 2 ; IRL: B 37 %5 B 3 RA-IRI@Lip : 11 4 2 —
R AR T 1A
3 7% RA IR & RA-IRI@Lip H RA .IRT [ &L
2k
Figure 3 Release profiles of RA/IRI from free RA,
IRI, and RA-IRI@Lip

2.3 RA-IRI@Lip (14 1% 41 B 4 M $5 BRI

TER W RSB F , RA-IRI@Lip A IR 1578
F3%(E4) . 25 PN BUIARTE S IRLAFROM A6
5 IR AR A 24 b, AIAT TR SR R T
90%. 45 F4%/8 RA-IRI@Lip LA K& 1y 1E ¥ 2
oy

WA B RA-IRI@Lip (pg/mL)
X R 50 200 100 400 800

O o o 9 o @

RA-IRI@Lip : ¥ 8 R — 7 B e i .

B4 A[RIWE RA-IRI@Lip 7 IR
Figure 4 Hemolysis rate of RA-IRI@Lip

AH%E T B FITC, RA-FITC@Lip 2H 2 it b (1
SO E W (K1 5) , $2/8 RA-FITC@Lip fg %
R A P DR g 200 B
2.4 RA-TRI@Lip 1] LAA A5 HBR 98 40 i

BB FH 25 I B FD RA X H R R 98 40 i
JUF-BA FEPEVE I, T TRIAJ 52 50 ARt i 25
R AR A5 3R, HE1C,, o 44.36 wmol/L; 5172 IR1

IFBFITCAL RA-FITC@Lip4H

FITC

DAPI

s

RA-FITC@Lip 21 1 FITC (L% 4256 ) #1iF B FITC 413

. iE IO IR R A . AR =100 pm. RA-IRI@Lip:

TR~ ST HENR R FITC : 5B SR PO H s DAPL 47,
6- DKL W

ES5  HARERAR AT RA-FITC@Lip FiF 25

FITC ) FIUI DL
Figure 5 Comparison of the uptake of RA-FITC@Lip
and free FITC in anaplastic thyroid carcinoma

cells

Fed , RA+IRIHESE T 4 EEE (P<0.01) , H1C, [
% 18.59 wmol/L; RA-IRI@Lip X 2 Jifd i) 25 M 4
HE— A Ha5R (P<0.01) , H 1C,, M 6.96 wmol/L. UL
K 6., RA+IRIZH 1 RA-IRI@Lip ZH 76 A [) ¥ i 6
JETN B GHRECY/NT 1, R EER s S
RA+IRI 41 HL#5 , RA-IRI@Lip 2H A5 & 76 B 1K
P28 RA 5 IR T BR B4 5 1 B [R) 4 T B a8
DL 7. FEBE B MR EE A, IRT & 2008 B2
20 pmol/L I}, RA-IRI@Lip £H Bt G5 8%k (0.21) ,

120 -

90

60 <+
25 F R ITTARZR
= RAZH

30 b —+—1IRIZH woa
—+— RAHRIZH
RA-IRI@Lip£H

2 5 IIO 20
IRIR /45304 % ((pumol/L )
a5 (I8 AR 4L L4, "P<0.01; 5 RA 41 L %5, *P<
0.01; 5 IRTZH 3%, 2P<0.01; 5 RA+IRI 4H L %%, 4 P<0.01.
RA: #E R 5 IRT: AJF 37 22 B s RA-IRI@Lip : 4 25 R —JF <7 %
JHENR A
BG4 2 ORI S LA 4T A7 7 35 L e

Figure 6 Comparison of anaplastic thyroid carcinoma

YRS (%)

0

cells viability among groups



FIIEAE 25 8 R — P S 5 AR i R o 2 B AT HAR MR A PR M - 511 -

1.5p
RA+RIZ
-o-RA-IRI@Lip4H

1.0
Eoy
ym
3z
4o
W
=05t

W’\Uﬁl
1

0.0 L L L
0 5 10 15 20

IRTAR /55350 B ( umol/L )
RA : B IR 5 IRL: B+ 57 5 Bl ; RA-IRI@Lip : ¥ 3% i -t
ST RENR B4
El7 RA+IRI I RA-IRI@Lip 7E H T BRI & 434k
IR 20 MR 2 FE R
Figure 7 Combination index values of RA+IRI ws.
RA-IRI@Lip in anaplastic thyroid carcinoma

cells

PR BAE IR BE T WM I FH B, TR L i 22 52 50 vk
PEIRTUR /353504 BE 2R 20 pumol /L
calcein-AM/PI Y&t 25 W 1 7 | 25 (ARG s AR A1

PRI RAZL

calcein-AM

PI

4B

25 X B2 e 8

Pl RA AL BN 51 HR R A MO T3 2
TR ZH FPOBR B 98 40 Bt 20 T~ 5508 £, 3 40 Bt ok 2>
RA+IRT 21 H AR B9 20 A A0 T 250 IR 20 (i 2% 3
% , H RA-IRI@Lip ZH 4fi fa 58 745038 I o oy Bk 3
L1 8.

S5 R RA 5 IR A 07 AT D3 i) 448 5 o
FHLR s 240 PR %) A5 P A D, LR o A e 26 3 —
APk T AL e 20 B A
2.5 RA-IRI@Lip 1 fill R o 40 ff 1 7% AR 28
HE

Transwell 256 45 5 5 7, B F TRT A 4L B
FE 0 1) 240 ML A% A= 28 B A R8O AR XA FR
IR1 5 RA B HIA] gk — 2540 i 40 Mo 78 A= 2% s RA-
IRI@Lip 25 41 il FHIR i 98 440 A 1 7% i 28 3501
S, WL O R 1. 4278 RA-IRI@Lip X H IR Ji i
TR FNR 22 A I/ FH 4 RA CIRT S K5
FHYS RS
IRIZH

RA+IRIZH RA-IRI@Lip#H

PN B A 2 A I 2 R FET- 40 M, RA 20 (IRI 4 \RA+IRI 2 & RA-IRI@Lip 20 40 RO T T B B 48 Ain , b RA-

IRI@Lip ZH AN JEAET 5 £ . A7 =100 pm. calcein-AM: 55 & 2% 3% — £, Pl %0 TR 5 P1: AL DA BE 5 RA : W0 35 1R 5 IRT: B 57 85 B 5 RA-

IRI@Lip : WL 3 R~ 37 B MR T 14

B8 £ BRI AR I AN calcein-AM/PT e (0 1F It

Figure 8 Calcein-AM/PI staining in anaplastic thyroid carcinoma cells in each group
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Figure 9 Comparison of the migration and invasion of anaplastic thyroid carcinoma cells among six groups
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across different groups
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