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Tom tit:

Nghién ctru nay nhim phit trién phirc h¢ hat Chitosan, Pluronic® F127 bz"mg phuong phap tao gel ion bao paclitaxel
(PTX) va gfm DNA aptamer dich irng dung trong diéu tri ung thw in vitro. Cac mixen polyme tu két hop thanh cac
khdi dﬁng polyme véi duwong kinh twong dwong 69 nm trong dung dich. Thube chéng ung thu (PTX) dugc bao géi
v6i hi¢u qua 83,28+0,13% va mang tai 9,12+0,34%. Cac hat Ap-mixen dwgc ché tao c6 dang hinh ciu va dwong kinh
trung binh 86,22 +£1,45 nm. Trong khiao sat sy phong thich thudc, hat Ap-mixen phéng thich thube & giai doan diu
dat 29-35% trong 12 gid' diu tién va dat 85-93% sau 12 ngay trong méi trwong pH 7,5. Trong thi nghiém gy doc té
bao, dung ]’TX tu do va cac hat Ap-mixep dwoc khio sat trén d(‘)pg té bép ung thu vi SK-BR-3. Cac lidu IC,, duge
xac dinh bang phwong phap MTT cho thay, cac hat Ap-mixen chong lai té bao SK-BR-3 hi¢u qua hon PTX tw do va
gay dc diét té bao 1én dén 89-93% sau 6-48 giv. Két qua ciia nghién ciru di chirng minh cac hat mixen két hgp DNA

aptamer c6 tinh twong thich sinh hoc va cé tiém niing sir dung nhwr hé din truyén thudc ch(")ng ung thu.

Tir khéa: Chitosan, DNA aptamer, mixen, paclitaxel, pluronic.

Chi s6 phin loai: 3.4

Pat van de

PTX la nhém thube hoa tri chdng ung thu. Chung lam e
ché su phan ra mang ludi vi thé cua thoi vo séc, kich thich
qué trinh ghép cac dimer ctia vi ng thanh mang ludi vi thé
va 6n dinh mang luéi vi thé bang cach ngan chin qua trinh
thdo xodn ciia chung. PTX di dugc chimg minh tac dung
trong thir nghiém 1am sang diéu tri cac khdi u rdn nhu ung
thu budng trimg, ung thu va di cin, ung thu phéi té bao
khong nho, AIDS lién quan ung thu trén da Kaposi sarcoma
[1, 2]. PTX la mét pseudoalkaloid diterpenoid ky nude cao
v6i do hoa tan kém, khoang 1 pg/ml [3]. Vi vay, ngoai viéc
{rc ché sy phat trién ciia cac té bao ung thu, ching con gay
nhiéu tac dung phu khéng mong mudn trén céac té bao khoe
manh. Dé khéc phuc han ché nay, cac nha nghién ctru da
khong nging tim kiém cac hé din truyén thudec méi co tac
dung e ché hodc lam tiéu bién té bao ung thu nhung it co
tac dung phuy. Trong nhitng nim gan day, cac phirc hé mixen
phan huy sinh hoc dwoc quan tdm nghién ciru phat trién
nhu nhimg hé dan truyén thudc mang lai nhiéu hiéu qua
[4]. Cac khdi dong polyme ludng tinh (amphiphilic block
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copolymer) da duoc nghién clru rong rai, dugc xem nhu
1a cac tic nhan giup céc loai thubc kém tan 6n dinh trong
hé dan truyén thudc [5]. Chung c6 thé tu két hop thanh cac
mixen polyme trong méi trudng dung dich. Hau hét cac
mixen polyme dugc tao thanh tr mdt nhan bén trong ky
nude va mot 16p bao than nudc bén ngoai [6]. Mot sb loai
thudc kém tan c6 thé duoc bao vao bén trong 161 ky nude
clia cic mixen dé tang d¢ tan ctia ching trong nudc. Vo than
nude c¢o kha nang kéo dai thoi gian Iuu cia ching trong co
thé, giam qua trinh thyc bao va thanh thai qua than. Céc
mixen polyme thuong c6 kich thuéc duong kinh trung binh
10-100 nm, ching dé tich lily trong mo sinh ung thu thong
qua co ché tang cuong tinh thim va ton luu (Enhanced
Permeation and Retention, EPR) nhiéu hon so véi cac mo
lanh binh thuong [7]. Mot trong cac mixen thuong dugc su
dung nhat trong din truyén thudc 1a Pluronic, mot tam khoi
ddng polyme ludng tinh, gdm poly (ethylene oxide) (PEO)
va poly (propylene oxide) (PPO). Khdi than nuéc (PEO)
tao thanh 16p vo va khéi ky nuéc (PPO) tao nhan cua cac
mixen. Pluronic® F127 (PF) di thu hat nhiéu su chu y boi
chung khong c6 doc tinh véi co thé va c6 kha nang dong goi
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Abstract:

Development of paclitaxel-loaded was prepared by an
ionic-gelation method using Chitosan, Pluronic® F127,
and DNA aptamer conjugate to treat cancer cells in
vitro. These polymeric micelles were self-assemblied
into copolymer blocks of approximately 69 nm diameter
in an aqueous media. Anticancer drug (PTX) can be
loaded at a high encapsulation efficiency of 83.28+0.13%
and loading capacity of 9.12+0.34%. The prepared Ap-
micelles had a spherical shape and a mean diameter
ranging at 86.22+1.45 nm. Through an in vitro release
study, the Ap-micelle formulation exhibited a biphasic
drug release with a moderate initial burst, followed by a
sustained release profile of 29-35% in the first 12 hours
and 85-93% after 12 days at pH 7.5 receiving media.
In vitro cytotoxicity of free PTX and PTX loaded Ap-
micelles were evaluated using SK-BR-3 breast cancer
cell line. The IC_, doses determined by the MTT assay
showed the greater activity of PTX loaded Ap-micelles
over free PTX, and these Ap-micelles killed cells up to
89-93% after 6-48 hours. These results demonstrated
that DNA aptamer incorporated with copolymer micelles
are biocompatible and have the potential to be used as
anticancer drug carriers.

Keywords: Chitosan, DNA aptamer, micelle, paclitaxel,
pluronic.
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dugc v6i cac loai thude kém tan. Tuy nhién, mit han ché khi
sir dung cac mixen polyme nay 13 sy bat 6n dinh ctia chung
[7]. Dé khic phuc mit han ché nay, chung toi nghién ctru két
hop PF véi chitosan (Chi) dé tao thanh mot déng polyme.
Chi da dugc su dung rong rai trong cac ting dung y sinh hoc
va dugc pham vi ching c6 kha ning twong thich sinh hoc
va phan hiy sinh hoc. Mic du phirc hop Chi két hop PF da
dugc su dung & nhiéu dang nhu dich hydrogel, mixen Kkét
tap va cac phan to hat mixen, nhung ching chua duoc st
dung 1am hé dan truyén thudc chdng ung thu. Trong nghién
clru nay, chung t6i ché tao phirc hé dan truyén hat mixen bao
PTX bang phuong phap tao gel ion tir sy két hop Chi va PF.
Mach don oligonucleotide tir thu vién ban dau duoc chon
loc theo quy trinh DNA SELEX thu dugc cac mach ai lyc
lién két cao véi cac té bao SK-BR-3 biéu hién manh HER-2
[8, 9]. Chiing dugc gan vao phirc hé hat mixen, giup ting ai
luc nhan dién cac té bao SK-BR-3 dic hiéu [10]. Hiéu qua
cua phtrc hé hat mixen dugc danh gid qua cac gia tri kich
thudc hat, su 6n dinh, kha nang bao thubc, kha nang phong
thich thudc in vitro va kha ning gay doc 1én dong té bao ung
thu va SK-BR-3.

Vat liéu - phuong phap nghién ciu

Acid acetic 6%; acid acetic 1 N; chitosan F-MMW
400 kDa (Sigma Aldrich); natri nitrite (NaNO,); acid
hydrochloric (HCI, Merck); natri hydroxid (NaOH) 4
N; aceton; natri triphotphat (Na,P,O,) (TPP, Merck);
pluronic® F-127 (PF, Life Technologies); PTX (PTX,
Life  Technologies);  3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromid (MTT, Life Technologies);
dimethylsulfoxid (DMSO, Merck); succinic anhydride
(SA, Acros Organics); 4-dimethylaminopyridine (DMAP,
Acros Organics); triethylamine (TEA, Acros Organics);
N,N dimethylformamide (DMF, Acros Organics); 1-ethyl-
3-(3-dimethylaminopropyl)-carbodiimide (EDC, Acros
Organics); N-hydroxysuccinimide (NHS, Acros Organics);
2-mercaptoethanol va diethyl ether (Merck); amicon
Ultra-15 (MWCO = 3kD, Merck Milipore); nudc cat hai
lan.

Dong té bao ung thu vi SK-BR-3 (HTB-30TM,
ATCC®); moi truong McCoy’s 5A (Life Technologies);
huyét thanh bé (FBS, Life Technologies); Trypsin-EDTA
(Life Technologies); Ceftriaxon va Vancomycin (Cong ty
CP dugc Bidiphar). Trong quy trinh chon loc SELEX st
dung RNeasy Mini Kit cta Qiagen (Chatsworth, CA) va
Taq Gold DNA polymerase ctiia Promega (Madison, USA).

Chon loc DNA aptamer theo quy trinh SELEX (Ap)

Céac mach don oligonucleotid tir thu vién ban dau
(khoang 10'*-10" mach don khac nhau, IDT Singapore)



5’-TCA CCG GGA GGA GAC CCT GA-N40-GTG GCT
TGG TGG TGG TTC AA -3°, mdi xudi 5’-TCA CCG GGA
GGA GAC CCT GA-3’ va mdi ngugc 3’-TTG AAC CAC
CAC CAA GCC AC-5". Cac mdi clia gen HER-2 (mdi xudi
5"-AGC CGC GAG CAC CCAAGT-3’, méi nguge 5°-TTG
GTG GGC AGG TAG GTG AGT T-3") va cic mdi cuia gen
Beta-actin (moi xudi 5’-GAT GAG ATT GGC ATG GCT
TT-3’, mdi nguge 5°-CTC AAG TTG GGG GAC AAA AA-
3%) dugc U vai cac té bao SK-BR-3 biéu hién manh HER-2.
Chon loc loai bd cac oligonucleotide mach don va té bao
khong gin két voi nhau, thu cac phirc hop lién két.

Tiénhanh phan tach phirc hgp liénkét giitaoligonucleotide
mach don va té bao SK-BR-3 biéu hién manh HER-2 dé thu
dugc cac oligonucleotid mach don dich mong muén. Ding
PCR nhan lugng mach don oligonucleotide dich, tao nguén
thu vién DNA méi cho lan 13p lai quy trinh chon loc trén.
Quy trinh chon loc dugc 1dp lai 5-20 14n dé thu duoc cac san
phidm DNA aptamer c6 s6 lwong 16n va 4i luc lién két cao.
Thuc hién kiém tra cac trinh tw DNA aptamer bé‘mg ky thuat
giai trinh tu Sanger (ABI prism® 3100 genetic analyser).

Tao hat nano chitosan phdn tir lwong tlu”fp

Pha 1 g chitosan (400 kD) trong 50 ml dung dich acid
acetic 6% (Moghaddam va cong su) [1]. Thém vao dung
dich trén 10 ml dung dich NaNO, (7 mg/ml), sau d6 khudy 1
gio & nhiét d6 phong dé hoa tan Chi. Diéu chinh pH dén 9,0
bang dung dich NaOH 4 N. Ly tdm 10.000 vong/phut, thoi
gian 5 phut. Loai bo dung dich ly tdm, phan cin mau tring
vang dugc rira 3 1an véi aceton. Sau khi lam bay hoi hoan
toan aceton, cdn ly tdm dugc hoa tan trong dung dich acid
acetic 0,1 N, sau d6 thim tich trong nude voi kich thude 16
mang ban thim 14 12 KDa, thoi gian thim tich 24 gio, sau
4-6 gid thay nude 1 1an. Dong kho dich sau thim tich va bao
quan ¢ 4°C.

Tao hat mixen Chi-TPP-PF

Céc hat mixen Chi dugc ché tao bang phuong phép tao
gel ion (tao lién két ion) (S.K. Bong va cong su) gin TPP
dé tao hat mixen Chi kich thudc nho [6]. Hoa tan Chi phan
tir lwong thap trong acid acetic 1% (v/v) va lan lugt thém
vao TPP 0,01%; 0,015%; 0,02%; 0,025% va 0,03% tao san
pham riéng 1& theo thé tich Chi:TPP 14 2:1. Khudy tir cic san
pham trong 1 gior dé hoa tan hoan toan, dén khi do duc & cac
san phém xuat hién. Dung Chi-TPP 0,025% hoa tan lan luot
v6i PF & cac nong do 10, 15 va 20%.

Carboxyl hoda nhéom COOH cua Chi-TPP-Pluronic
(CT-Pluronic F127)

Khtr nguyén tir hydro ctia nhéom COOH tan cung cua
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chudi PEO-PPO-PEO (Pluronic F127, MW 12.500) bang
succinic anhydride (G. Zahra va cong sy) [8]. Chi-TPP-
Pluronic (15 g, 2 mmol), succinic anhydride (0,56 g, 3
mmol), DMAP (0,5 g), va TEA (0,5 ml) dugc hoa tan trong
30 ml 1,4-dioxane, khudy lién tuc qua dém & 30°C. Sau d6
lam bay hoi 1,4-dioxane bang ly tim chan khong 900 vong/
phat, 120 phut. Phan du luong cd diac duge hoa tan trong 1
ml chloroform. Thém 3 ml diethyl ether dé thu két tia, thuc
hién 13p lai vai 1an dé loai bé hoan toan succinic anhydride,
DMAP va TEA. Ly tam chan khong 900 vong/phut, 120
phat dung, dé qua dém thu CT-Pluronic F127.

Gin CT-Pluronic F127 véi Ap va PTX

40 g (7,4 mmol cua nhom -COOH) CT-Pluronic
F127 dugc hoa tan trong 20 ml N, N-dimethylformamide
(DMF) ¢ nhi¢t d6 phong. Thém 1 g EDC va 2 g NHS vao
hoén hop dung dich. Sau phan tng 15 phut, thém 2,8 ml
2-mercaptoethanol, 10 mg TEA, 50 ng Ap va PTX. Khudy
lién tyc qua dém & nhiét d6 phong. Sau d6 san pham dugc ly
tam qua mang loc Amicon Ultra-15 véi toc d6 6.000 vong/
phut trong 30 phut.

Xdc dinh hinh thdi va ciu tricc cic hat mixen bing
kinh hién vi di¢n tiv

Viée xac dinh hinh thai va cdu tric duéi kinh hién vi
dién tr SEM (440, Leica Cambridge Ltd., Cambridge, UK)
duoc thyc hién nhu sau: Cac mau bot phirc hé thu dugc sau
dong kho duoc dat 1én tam thiét bi chuyén dung, sau d6 phu
véi 60% vang va 40% palladium thoi gian 30 gidy va dat
trong thiét bi xur Iy véi dong dién 45 mA (Desk II, Denton
Vacuum, Moorestown, NJ). Sau d6 mau duoc quan sat trén
hé théng kinh hién vi dién tir quét SEM.

Céc phtrc h¢ da thu nhan theo quy trinh trén duoc
kiém tra hinh théi va kich thuéc dudi kinh hién vi dién tr
tmyén qua (TEM) trén hé théng thiét bi JEM 1230 Electron
Microscope (Joel Ltd., Tokyo, Japan). Mot giot dung dich
san pham dugc nho 1én dau mit ludi dong phu cacbon. Lau
sach phan dau miu du thira bang gidy thim. Dung dich
ammonium molybdat (1%, w/v) dugc su dung nhu tac nhan
nhudm am ban. Sau 2 phut, dung dich du cling dugc loai
bang gidy tham. Sau d6 mau duoc kiém tra dudi kinh hién
vi dién tr truyén qua TEM.

Xic dinh thé zeta va kich thwéc cdc hat mixen

Kich thuéc trung binh va thé zeta cua phic hé duogc
xac dinh trén may “size analysis” (Nano Partica SZ-100,
Horiba, Japan) véi goc quét 90° dén 173°. 0,2 mg mau dugc
hoa tan trong 2 ml nudc cét hai lan trude khi xac dinh trén
may.
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Khao sat sw phong thich thuéc PTX trong in vitro

Theo doi sy phong thich PTX cua céc hat Ap-mixen-
PTX trong dung dich PBS pH 7,5 & nhiét d6 phong, tién
hanh do quang phd ¢ budc séong 280 nm & cac thoi diém
trong 12 ngay [5].

Luogng PTX phong thich

~— x 100
Luong PTX ban dau

PTX phong thich (%) =

Khao sat khd nang bao va tai thuéc PTX ciia hat Ap-
mixen

Hoa tan 0,5 mg hat Ap-mixen-PTX trong 5 ml nudc cit
hai lan va ly tim 14.000 vong/phit trong 30 phit & 15°C.
Luong PTX tu do phén tach tir phttc hé hat duoc do boi
hé thdng UV-Vis budc song 247-494 nm. Dung hat mixen
khong bao PTX lam mau chimg hiéu chinh. Mbi mau thuc
hién thi nghiém 3 1an (n = 3). Kha ning bao va tai thudc
PTX dugc danh gia theo cong thic [6]:

L ) Tong phirc hé bao PTX - PTX phan tach tr do
Hiéu qué bao (EE, %) = Tong phic 1 bao PTX x 100

. . Téng phitc hé bao PTX - PTX phén tach t do
Hi¢u qua tai thuoc (LC, %) = x 100

Trong lugng phirc hé

Khao sat kha nang gdy djc ciia phirc hé hat Ap-mixen-
PTX (phwong phap MTT)

Tién hanh khao sat mat 4o song cua dong té bao ung thu
va SK-BR-3 dudi tac dong gay doc ciia PTX bang phuong
phéap MTT [7, 10]. Thi nghiém dugc thuc hién vdi cac hat
Ap-mixen khong mang thudc, hat Ap-mixen-PTX va PTX
tu do.

Dong té bao SK-BR-3 dugc nudi trong mdi truong
Mc’Coy 5A c6 bd sung 10% FBS (Fetal Bovine Serum),
1% ceftriaxon-vancomycin, ¢ 37°C trong ti CO, 5%. Diéu
chinh pH céc mau thir nghiém vé pH 6,5. Phan phdi té bao
vao dia nudi cdy 96 giéng voi mat do 12.000 té bao/giéng.
Sau 12, 24, 48 gio mdi truong nudi cdy duogc thay thé véi
100 pl dung dich cac mau hat Ap-mixen khéng mang thudc,
hat Ap-mixen-PTX va PTX tu do. Sau do, thém 20 pl MTT
(5 mg/ml) vao mdi giéng. Sau 4 gid, hut bo dung dich trong
cac giéng va thém 200 pl DMSO vao mdi giéng dé hoa tan
tinh thé MTT.

Do mét d hap thu mau ctia phan tng & mdi giéng véi
budc song 570 nm dung hé théng thiét bi PlateReader
AF2200 (Eppendorf, Germany).

Xir Iy 56 liéu va thong ké

Céc két qua hién thi gia tri trung binh + do léch va doc
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1ap thuc hién céac thi nghiém it nhét 3 1an. Céc gia tri trung
binh dugc xir Iy bang thuét toan ANOVA mét dudi va cac
gia tri x4c suat P<0,05 méi c6 ¥ nghia thong ké.
Két qua va ban luan

Két qud tao hat nano Chi-TPP

Str dung phwong phap tao gel ion bang TPP dé tao hat
nano Chi kich thudc nho, nhim tang kha nang hép thu thude.
Diéu kién thi nghiém duoc thyuc hién & néng do Chi phan
tr lugng thap 1% (v/v) trong acid acetic va TPP 0,01%;
0,015%; 0,02%; 0,025%; 0,03% (bang 1).

Bang 1. Nong do TPP anh huéng dén kich thudc va thé zeta clia
h@t Chi 1%.

Nong do TPP Kich thwéc trung binh Thé zeta
(Yow/v) (nm) (mV)

0,01 26,24+4,37 49,18+1,14
0,015 29,43+1,23 43,22+0,58
0,02 37,11+5,42 40,31+1,52
0,025 53,26+3,21 38,3140,92
0,03 82,51+7,46 35,82+0,34

Do ban chét phan cuc, TPP phan cuc trong nudc va giai
phong ion OH-, do d6 trong dung dich TPP ddng thoi ton
tai ca ion OH" vaion PO, > c6 thé canh tranh phan tmg véi
nhom NH," cua Chi. Nhitng manh Chi phén tir lugng thap
s& tham gia vao phan mg tao gel ion vi phan tir TPP, két
hop v6i qua trinh khudy tron dé hinh thanh cac hat nano
Chi kich thudc nhd. Hat nano Chi khong bi tach 16p sau khi
tao ra qua 4 ngay bao quan ¢ 4°C chiing té hat nano c6 kich
thudc nho, néu hat nano c6 kich thude 16n s& gy ra sy ling
can va tach pha trong qua trinh bao quan.

Anh SEM ctia Chi cho thay hinh dang nguyén liéu Chi
ban dau timg mang polyme kich thugc hat 1én. Hat nano Chi
tao ra bang phuong phap tao gel ion ding TPP ¢6 kich thudc
hat nho, twong d6i dong déu (hinh 1).

(A) (B)

Hinh 1. Anh SEM ctia Chi. (A) Chi ban dAu chua tao néi; (B) Hat
mixen Chi sau khi ch& tao, ty 1& Chi:TPP la 2:1.



Két qua do cho thiy, kich thudc trung binh cta hat nano
tao ra la 53,2 nm. Trong d6 c¢6 81% hat kich thude 55,6 nm,
9% hat c6 kich thudc 38 nm, con lai la cac hat ¢ kich thudc
16n hon 100 nm (hinh 2).

Ty 16 %
phan bd
cac hat nano
tao ra

18,0 100,0

q(%)
Kich thuée nho

T
1,0 10,0

‘166;(\) - 22)0,0
Puong kinh (nm)
Hinh 2. Két qué phan bd kich thuéc ctia hat mixen Chi.

Két qud tao hat mixen Chi-TPP-PF

Dung Chi 1%-TPP 0,025% thyc hién tiép cac thi nghiém
v6i PF 10%, 15% va 20%. Khi két hop véi PF nong do cao
nhung kich thudc phtrc hé hat mixen giam cé thé 1a do su
hinh thanh cu tric gel dic & bén trong dan dén sy hip thu
nudée thip nén dudng kinh trung binh cua cac hat trong dung
dich giam (bang 2). Ngoai ra, khong c6 su thay doi ro rét
cuia thé zeta khi gia ting nong do cia PF (P<0,028). C6 thé
két luan rang, PF duoc két hop chu yéu vao bén trong céc
hat mixen.

Bang 2. Nong do PF anh huéng dén kich thudc va the zeta clia
hat mixen Chi 1%-TPP 0,025 %.

Nf‘)ng do PF Kich thudce trung binh Thé zeta
(Y%w/v) (nm) (mV)

10 61,24+3,17 32,14+0,36
15 69,1146,42 28,47+1,42
20 64,53+1,42 28,14+0,91

Két qud chon loc DNA aptamer theo quy trinh SELEX
(4p)

Qua quy trinh chon loc SELEX thu dugc cac
oligonucleotide mach don 4i luc lién két cao véi cac té bao
SK-BR-3 biéu hién manh HER-2. Dung PCR nhan luong
mach don oligonucleotide dich mong mudn. Kiém tra cac
trinh ty mach don oligonucleotide bang k§ thuét giai trinh tu
Sanger dugc thé hién ¢ bang 3. Vi su tuan thi nghiém ngit
vé thao tac ky thuat trong sudt cac vong chon loc SELEX,
nghién ctru nay da thu dugoc mot lugng aptamer co ai luc
cao voi dong té bao biéu hién manh HER-2. Trén thuc té,
trong cac chu ky chon loc, nghién ctru nay tim thay duoc sy
phong phii da dang dang ké ciia cac chudi don DNA, trong
d6 c6 loai ¢o 4i lyc cao voi dong té bao SK-BR3 biéu hién
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manh HER-2 va c6 loai ¢6 ai luc rat thép. Sau 18 vong chon
loc, xuét hién cac aptamer c¢ ai luc cao gﬁn dat t6i wu, cho
théy su chon loc lam tang dan 4i luc cua aptamer vdi cac té
bao dich. Khong c6 sy thay doi dang ké khi quan sat trong
hai vong chon loc tiép theo. Do d6, quy trinh chon loc dugc
dimg & giai doan nay. Chung t6i da kiém chimg sy biéu hién
HER-2 cta dong té bao SK-BR3 ¢ mirc 46 mRNA. Phan
tich cac két qua phién ma nguoc RT-PCR xéc dinh sy biéu
hién manh HER-2 ¢6 & dong té bao SK-BR3.

Bang 3. Cac oligonucleotide st dung chon lopc DNA aptamer
theo quy trinh SELEX.

Tén cac oligonucleotide  Trinh tw nucleotide

5-NNN NNN NNN NNN NNN NNN NNN
NNN NNN NNN NNN NNN NNN NNN
NNN-3”

5'-AAC TTG GTG GTG GTT CGG TGG
CTGTTCAGG GTCTCC TCC CGG TGA-3'

*N [a 1 trong 4 loai nucleotide A, T, C, G.

Thu vién ban dau

Ap sau chon loc

Tao lién két polymer Pluronic F127 va aptamer

Str dung phirc hé hat mixen Chi 1%-TPP 0,025%-PF 15%
dé tién hanh thi nghiém tao lién két polymer véi aptamer.
Lién két Pluronic F127 va aptamer duoc tao ra boi nhom
5’-NH,-Ap va nhém Pluronic F127-COOH bi carboxyl hoa
(hlnh 3) Tir hinh anh dién di Novex® gel (hinh 4), ¢6 thé thay
rang cac Ap tu do hién dién vach rd nét dac trung cia Ap.

Nguoc lai, Chi-TPP-F127 ty do khong hién dién trén
gel. Khi tao lién két polymer khong str dung EDC va NHS
thi lién két ciing khong hinh thanh, khong c6 san pham hién
dién trén gel. Mat khéc, khi tao lién Kkét polymer c6 st dung
EDC va NHS thi lién két dugc tao thanh, khi dién di trén gel
xuét hién vach rd nét dic trung cua Ap.

CH\ 0, 0 CH:
H
HOVO%’OH/\O)}' DMAP, TEA, dioxane O)W VOH&/OH/\OMOH
. FI22C00H
DONS Nll)W V\OHK/OH/\OMNH

FI2T-Ap

Hinh 3. Phudng trinh phan (ng tao lién két polymer Pluronic
F127-Ap.

Chi-TPP-

! Chi- F127-Ap  Chi-TPP-
TPP- khong ~ F127-Ap
Ap F127 EDC-NHS EDC-NHS

45 bp

Hinh 4. Kiém tra lién két polymer Pluronic F127 véi Ap bing
dién di Novex® 12% Tris-Glycine mini gel.
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Gin CT-Pluronic F127 véi PTX

Thyc hién thi nghiém dung CT-Pluronic F127-Ap (Chi
1%-TPP 0,025%-PF 15%-Ap) vdi cac nf)ng do PTX khac
nhau (hat Ap-mixen-PTX). Bang 4 cho thiy, ndng do PTX
khong anh huéng dén thé zeta cua cac hat mixen PTX
(P<0,02). Anh huéng cia néng d6 PTX dén kich thudc
hat Ap-mixen rd hon khi nong d¢ ting 1én 0,2-0,4 mg/ml
(P<0,015). Kich thudc hat Ap-mixen-PTX tang déu nhau &
nong d6 PTX 0,6-1 mg/ml. Hiéu qua bao va mang tai thude
o néng d6 PTX 0,4 mg/ml 1a cao nhét (EE: 83,28+0,13%;
LC: 9,12+0,34%) véi kich thudc trung binh 86,22+1,45 nm.

Bang 4. Dac diém ctia phiic hé hat Ap-mixen & cac nong d PTX.

Nong do Kich thuéc

PTX (mg/ trung binh (Tl:l‘f,)zeta 32) :?,2)

ml) (nm)

02 65,1143,81  232241,56  67,3140,51  3,94+1,19
0.4 86,20+1,45  60,1240,55  83,28+0,13  9,12+0,34
0,6 80,5542,05  4835:024  68,0143,77  8,15+3,63
0.8 99.3247,14  4021+1,43  80,62+128 6,41+1.23
1 110,46+4,32  3833+1,12  5936+1,53  585+1,57

Hinh thdi va ciu triic hat Ap-mixen-PTX

Anh SEM va TEM hat Ap-mixen-PTX v&i nong d6 PTX
0,4 mg/ml déu cho thiy hat c6 dang hinh ciu, kha dong nhét
v6i kich thudc trung binh xap xi 86,2 nm, phu hop véi két
qua & phan trén (hinh 5). Pic biét tir anh TEM cho thay
PTX dugc dong goi chat bén trong hinh cau (hinh 5B). P6
1a nho kha nang tuong tic ky nudc cua PTX xép vao bén
trong 15i khi qué trinh tu Iip rdp cia mixen xay ra, vi thé ciu
tric cua cac mixen duogc 6n dinh.

(A)

(B) -

Hinh 5. Anh SEM (A) va TEM (B) cia hat Ap-mixen-PTX.

Sw phéng thich thubc ciia phivc hé hat Ap-mixen-PTX
trong in vitro

Dung dich hat Ap-mixen-PTX duoc st dung lam thi
nghiém co néng d6 5,7 va 10%. Sau 12 gio lam thi nghiém,
cac hat Ap-mixen-PTX phong thich PTX dat tir 29 dén 35%,
dén ngay thir 12 (288 gio) dat 85-93% & pH 7,5. 12 gio dau
tién ghi nhan sy phong thich nhanh lugng 16n PTX do sy ran
v cdu triic. Sau d6 sy phong thich PTX ting lity tién theo
thoi gian tiép xtic voi PBS, pH 7,5. Su phong thich binh
nguyén xay ra & ngay thir 6, su phong thich PTX tuong d6i
6n dinh, gan dat muc cyuc dai (hinh 6).
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kA

Su twong quanrcﬁa
phong thich thuoc (%)
[N}
S

0 it
0 12 24 48 72 96 120144168 192216 240 264 288
500 il 7%
Thoi gian (h)
Hinh 6. Sy phéng thich PTX trong PBS, pH 7,5.

10%

Sw phong thich Ap ciia phirc hé hat Ap-mixen-PTX
trong in vitro

Day la thi nghiém danh gia kha ning gin ciia Ap trén
phirc hé hat Chi-TPP-PE. Ap gin vao phirc hé hat mixen
duoc u trong dung dich heparin, 1a dung dich canh tranh
anion. Nhin chung, cic két qua cho thay Ap gén chit ché va
hiéu qua trén phirc hé hat. Tuy nhién, n6 khong phai 1a lién
két luén bén ma co thé bi pha giy khi mang luéi ciu trac
polymer cuta phirc h¢ hat bi tic dong.

45bp

Hinh 7. Dién di gel agarose san phiam khi G phtic hé Ap-mixen trong
dung dich heparln canh tranh on. Giéng M: Thang do DNA 100 bp;
giéng 1: U trong 1h; giéng 2: U trong 4h; giéng 3: Ap tu do; giéng 4:
Nudc cat.

Két qua phan tich dién di ¢ hinh 7, Ap d& dang bi phé gay
lién két voi phtre hé hat khi ¢6 sy hién dién cta heparin. Ap
tu do dugc st dung lam chirng duong trong thi nghi¢m. Co
su canh tranh véi Ap trong su gén két PF, lam cho céu triic
khong 6n dinh. Két qua nay da chimg minh ring, Ap gin
véi cac phie hé khong chi don gidn 1a qua qué trinh trung
gian tuong tac ion, ma dung hon 1a Ap ndi ket trong mang
lu6i polyme duge hinh thanh boi lién két ngang. Nhu vay,
tir két qua chup TEM (hinh 5B) va thi nghiém canh tranh
anion trong dung dich heparin cho thay rang, trong phirc hé
hat cu tric TPP-PF lam Ap vudng mac vao trong phtrc hé.

Khi ning gdy djc té bao ciia phirc hé¢ Ap-mixen-PTX

Khao sat kha ning gy doc té bao cta cac hat Ap-mixen
khong bao va bao PTX 0,2; 0,4; 0,6; 0,8; 1 mg/ml, dung
dich PTX 1 mg/ml ty do bang phuong phap MTT trén té bao
ung thu vi SK-BR-3 (hinh 8).

== Ap-mixen-TPP-PF 10%
== Ap-mixen-TPP-PF 15%

Ap-mixen-TPP-PF 20%

(A4)

® 2
S 3

o
2y
Té bao séng (%)
"
S

02 04 06 08 1mg/mL CTRL CTRL()
mg/ml mg/ml mg/ml  mg/ml (+) PTX
1 mg/ml

S
S

Té bao séng (%)

~
S

et Resco Ap-mixen-TPP

o

e ) i 120 24h et 361 e 48

1E-05 0,0001 0,001 001 01 1 10 Néng d PTX (mg/mi)

Nong dg hat Ap -mixen (mg/ml)

Hinh 8. Sy &nh hudng ctia hat Ap-mixen khong mang thuéc (A) va bao
thudc PTX (B) Ién sy song clia t&€ bao SK-BR-3 (n = 4).
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Vi céc loai hat Ap-mixen khac nhau khong mang thude,
ching khong c6 sy khac biét nhiéu trong qua trinh gay doc
chét té bao sau 6, 12, 24, 36 va 48 gio. Té bao van sbéng
bam déy va tang sinh tt. C6 thé két luan, cac hat Ap-mixen
lién két gan TP-PF khong c6 kha ning gy doc chét té bao.
Céac hat Ap-mixen khong mang PTX da dugc chirmg minh
1a ¢6 tac dung gay doc tdi thiéu va chung khong pha vo
té bao (IC50: 7,3-9,5 mg/ml). Cac liéu IC50 cua PTX tu
do chéng lai té bao SK-BR-3 14 0,73 pg/ml, cao hon phirc
hé Ap-mixen bao PTX (0,05-0,11 pg/ml) 7 lan. Mt khac,
hat Ap-mixen khong mang thudc xir Iy dong kho luu trir
(Resco Ap-mixen- -TPP, Resco Ap- mixen- -TPP- PF), khi hoan
nguyén trong nuGce cit vo triung, ching van khong giy doc
v6i té bao (hinh 8A).

Vi hat Ap-mixen bao PTX 0,2; 0,4; 0,6; 0,8 va 1 mg/
ml, ty 1¢ té bao SK-BR-3 chét twong tmg 1a 75-88%; 89-
93%; 78-88%; 74-86% va 69-84% sau 6-48 gid. Véach bi
pha hity dan dén té bao bi v& hang loat sau 6 gio (hinh 8B).

PTX la thudc khang ung thu ky nudc, vi vay ching can
duoc van chuyen qua mang té bao dé vao té bao. Cac té
bao c6 thé hap thy cac phirc hé mixen qua dudng xam nhap
xuyén mang. Do do, cac phuc hé Ap-mixen hoat dong nhu
hé théng phan phdi thudc tao diéu kién dua thudc vao va
tich lily chung bén trong té& bao. Vi dung dich thude PTX
1 mg/ml ty do, ty 1¢ t& bao chét chiém 13-14%. Céc phan tir
thudc PTX ty do xAm nhap vao té bao khong hiéu qua.

Tién hanh thi nghiém vé tac dong ctia hat Ap-mixen bao
PTX 0,4 mg/ml dén muc do biéu hién gen HER-2 (247 bp)
va Beta-actin (431 bp) tir mRNA trén dong té bao SK-BR-3
sau 6-48 gid. Sau 6 gio, mirc do biu hi¢n gen HER-2 manh
va giam dan theo thoi gian tiép xuc 48 gio (P<0,01) (hinh
9A). O thoi gian tiép xtic 6-48 gio déu co sy biéu hién gen
Beta-actin manh (P<0,05) (hinh 9B). Vi két qua nay, c6 thé
khéng dinh kha nang hi¢u qua dac hi€u cua phtc hé hat ddi
v6i cac mirc d6 biéu hién thy thé HER-2 trén dong té bao
SK-BR-3, khong co sy biéu hién protein nao khac trén bé
mat céc té bao.

(A)

431bp

247 bp

Hinh 9. Su biéu hién gene HER2 va Beta-actin ¢ dong t& bao SK-BR- 3
khi tlep xtic hat Ap mixen bao PTX 0,4 mg/ml sau 6-48h. RNA tong s6
tif cac t& bao SK-BR-3 dugc chuyén ma thanh cDNA. Gen HER2 va Beta-
actin dugc nhan lugng bang PCR. Cac sadn pham PCR dugc dién di trén
gel agarose 1,5%. Giéng M la thang do DNA 100 bp. Phan doan gen
HER2- 247 bp (A) dudc nhan luong tif giéng 1: 6h, giéng 2: 12h, giéng
3: 24h, giéng 4: 36h va giéng 5: 48h. Phan doan gen Beta-actin 431 bp
(B) dugc nhan lugng tir giéng 1: 6h, giéng 2: 12h, giéng 3: 24h, giéng 4:
36h va giéng 5: 48h.

Két qua ciia cac thi nghiém vé kha ning giy doc cua
phtc hé hat ché tao duoc & trén cho th?iy, phtic hé hat co
kha ning twong thich sinh hoc cao va dugc dung nhu hé dan
truyén thude chéng ung thu.
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Budc dau chung t6i da nghién ctru thanh cong quy trinh
ché tao céc hat mixen bang phuong phap tao gel ion sir dung
Chi, TPP va PF. Két qua da tao dugc hat Ap-mixen-PTX
¢6 dang hinh ciu, kha ddng nhat, kich thudc trung binh
86,22 nm va thé zeta 60,12 mV. Kha nang dong gbi 83%
va kha ning mang tai thuéc 9%. Chon loc dugc Ap dich
theo quy trinh SELEX, ¢6 s luong phong phu va &i luc
lién két ddc higu véi cac té bao SK-BR-3 biéu hién manh
HER-2. Ap dich c6 chiéu dai 45 nucleotide va ty 18 C-G
chiém ~ 82%. Nghién ctru thanh cong quy trinh gan ching
vao hé hat mixen d tao ra. Buéc dau danh gia kha nang dan
truyén thubc cua hat Ap-mixen-PTX 1én dong té bao ung
thu v SK-BR-3 cho thiy, chiing ¢6 kha ning gay doc té bao
khoang 89-93% va dat hiéu qua hon gap 7 lan so véi dung
dich thuéc PTX tu do.

Nhiing két qua trong nghién ctru da chimg minh céc hat
Ap-mixen-PTX khdi dong polymer c6 tinh tuong thich sinh
hoc va c6 tiém nang st dung 1am hé dan truyén thude chong
ung thu.
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