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Danh gia doc tinh va kha nang tang tin hiéu twong phan anh MRI
cua vat liéu nano tir Fe O,@PLA-PEG trén mo hinh in vitro
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Tém tit:

Hat nano 16i sat tir (superparamagnetic iron oxide nanoparticles - SPIONs) dugc clu tao tir 16i Fe,O, hodc gamma
Fe,0, va v6 boc twong hop sinh hgc nhw Dextran, Poly Lactic Acid (PLA), Poly Ethylene Glycol (PEG), Chistosan
hay Poly Vinyl Alcohol (PVA). SPIONs ¢6 nhiéu ung dung quan trong trong y sinh hoc nhu phan tach té bao, mang
thudc, nhiét tir tri, lam tac nhan twong phan cho cong huwéng tir hat nhan. H¢ nano 16i sat tir Fe O, dwgc boc boi
copolyme PLA-PEG (Fe,O @PLA-PEG) cho thay khong ¢6 doc tinh trén hai dong té bao BT—474 va Sarcoma 180.
Panh gia trén ché dd chup T2 cho thay he nano Fe,O,@PLA-PEG c6 kha nang lam ting twong phan anh chup MRI
trong nhiéu diéu kién khac nhau, bao gom moi trlro’ng nuwéc, moi trweong chira dung dich ly giai té bao va ca khi bi

thue bao. Két qua nghién ciru thé hién tiém ning tng dung cia h¢ nano tir Fe,O

hinh danh MRI phuc vu cho cic chin do4n 1am sang.

L @PLA-PEG trong ting twong phin

Tir khéa: anh cdng hwong tir, doc tinh té bao, hat nano thuin tir, PLA-PEG.

Chi s6 phén loai: 1.7

Pat van de

Hat nano (nanoparticles) dugc dinh nghia la vat liéu
v6i ca ba chiéu déu c6 kich thudc nanomet (1-100 nm).
Trong do, hat nano 161 sat tir hay 151 oxit st siéu thuan tir
superparamagnetic iron oxide nanoparticles (SPIONs) la
loai hat nano thuan tir duy nhét da duoc chép thudn su dung
trong 1am sang [1, 2]. SPIONs duoc cau tao tir 15i (Fe,O,
hodc gamma Fe,0,) va vo boc twong hop sinh hoc co6 ban
chét v6 co hodc huu co, doc tinh thip va dugc dong hoc da
duoc nghién ciru 16 rang [3, 4]. VO boc dong vai tro quan
trong trong kha ning duy tri tir tinh, sy 6n dinh, phan tan
cua hat nano, tinh twong hop sinh hoc ciing nhu dugc dong
hoc cta toan hé trong co thé. Chién luge hién dang duoc
quan tam trong viéc boc cac hat nano sat tir 1 su dung céac
polymer, dang chii ¥ nhat 1a Dextran, PLA, PEG, Chistosan,
PVA 4, 5].

SPIONs dugc nghién ciru va ing dung rong rai trong cac
linh vyc ciia y hoc 1am sang, sinh hoc nhu phan tach té bao,
mang thudc huéng dich, ting twong phan trong chup anh cong
hudng tir (Magnetic resonance imaging - MRI), nhiét tri li¢u
(Hyperthermia) [3-8]. Trong nhiing tng dung néu trén, tang
tuong phan anh chup cong hudng tir 1a huéng di rat dang
quan tam trong chan doén ung thu. Dya trén dic tinh huong
ung voi tu truong cua SPIONs, phuong phap chup cong
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hudng su dung hat nano tir 1am tang tin hi¢u hinh anh, tir do
giup danh gia chinh xdc vi tri, tinh trang cia mo bénh ly, bao
gdm ca khéi u [9-12]. Hién nay, Nhiéu SPIONSs di duoc phé
duyét dé thuong mai hoa, tmg dung trong trong chan doan
lam sang, trong d6 dang cha ¥ co thé ké dén Ferumoxides
(Feridex® 1V, Berlex Laboratories), Ferucarbotran
(Resovist®, Bayer Healthcare), Ferumoxtran-10 (AMI-227,
Code-7227) [13, 14].

Nhitng nghién ctru ngay cang nhiéu vé doc tinh trong
{mg dung cia SPIONs ciing 1am gia ting nhiing lo ngai vé
ddc tinh, anh huong lau dai cua loai vat liéu nay véi co thé
con nguoi. Tu kich thudc nanomet va cac dac tinh riéng,
SPIONSs c6 thé gy ra nhiéu anh hudng dén strc khoe con
nguoi [15-17]. Trong nghién ctru nay, chung toi tap trung
danh gia doc tinh in vitro cia SPIONs dugc nghién ciru ché
tao trong nudc ciing nhu nghién cuu thir nghiém cuia loai vat
liéu nay véi vai trod 1am tac nhan tang tin hiéu hién anh cong
huong tir hat nhan.

Doi wiong va phuong phap
Déi twong nghién ciru

Vat liéu nano Fe,O,@PLA-PEG nong do 16i sat tir 5
mg/ml. Phuong phap che tao va cac dac tinh cua hé nano
Fe,0,@PLA-PEG dugc bao cdo chi tiét tai [18]. Cac dic
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Abstract:

SPIONs are composed of Fe, O, or gamma Fe,O, cores
and a biocompatible shell from Dextran, PLA, PEG,
Chitosan, or PVA. SPIONs have many important
applications in medicine and biology such as cell
sorting, drug carrier, magnetic hyperthermia, and
magnetic resonance imaging (MRI). This study aims
to check the ability of copolymer PLA-PEG coated
Fe O, ferromagnetic nanosystems (Fe,O,@PLA-PEG)
produced for MRI application. The results showed
that these nanoparticles had non-toxicity on BT-474
and Sarcoma 180 cell lines. Evaluation on T2 imaging
mode revealed that Fe,O,@PLA-PEG nanoparticles
were capable of enhancing the MRI image contrast in
different conditions, including water, cell lysates solution,
and even inside the cells. The report demonstrates that
Fe,O,@PLA-PEG nanoparticles have a high potential
application in MRI for clinical diagnosis.

Keywords: cytotoxicity, MRI, PLA-PEG, SPIONs.
Classification number: 1.7

tinh co ban cta h¢ nano Fe,O,@PLA-PEG: hinh dang cau
voi mot 161 duy nhat, duong kinh trung binh 20 nm (trong
do 16i Fe,O, la 15 nm), ty 1¢ PLA-PEG:Fe,0, la 0,3:3 mg/
ml. Vit ligu Fe,O (@PLA-PEG c6 kha nang duy tri 6n dinh
trong dung dich toi thiéu 90 ngay.

Nuéi cdy té bao
Dong té bao ung thu biéu mé tuyén va nguoi BT-474
va ung thu mo lién két chudt Sarcoma 180 (American Type
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Culture Collection) dwgc nuéi cay lan lugt trong mi truong
DMEM va RPMI 1640 (Gibco), 10% FBS (Gibco), 1%
khang sinh (Invitrogen), 5% CO,.

Thir nghiém djc tinh in vitro (MTT assay)

B kit MTT assay (PROMEGA) dugc sir dung dé danh
gia dgc tinh cuia h¢ nano Fe O,@PLA-PEG len dong té bao
BT-474 Va Sarcoma 180. Te bao duoc nudi cay 6n dinh trén
dia 96 giéng voi mat do 2000 té bao/giéng trong 24h trude
khi bd sung cac chat thir nghiém theo dai ndng d6 cia F e,0,
1a500-50-5-0,5-0,05 ug/ml. Sau 48h, dia thir nghiém sé&
dugc do bang may do quang phd huynh quang Laminator.
Gia tri IC, dugc tinh theo hudng dan cua bo kit.

Phdn lap dai thuc bao

Chudt nhét tring Swiss trong luong 35-40 g cung cap boi
Trung tam Giéng dong vat chuén thire, Vién Vé sinh dich t&
Trung vong dugc st dung dé phan lap dai thuc bao. Té bao
sau khi phan 1ap dugc nuéi cdy 6n dinh trong méi truong
DMEM 10% FBS, 1% khang sinh 24h trude khi thyc hién
cac thu nghiém. Té bao dai thuc bao duge nhudm kiém tra
bang khang thé khang CD11b chudt gin huynh quang FITC
(Abcam). Nhan té bao dugc nhuom bing Hoechst 33342
(Invitrogen). Mau sau xir Iy dugc phan tich béng hé théng
kinh hién vi dong tu laser quét LSM 510 (Carl ziess) va
hé théng dém té bao dong chay FASC Canto II (Beckman
Dicktons).

Chup dnh cong huwong tu hat nhin (MRI)

Khé ning tang tuong phan anh MRI cta h¢ nano Fe,0,@
PLA-PEG dugc kiém tra ¢ ba trang thai: (1) trong moi
truong nude, (2) trong mdi trudng ly giai té bao Sarcoma
80, va (3) khi bi thuc bao. Ky thuat chup anh MRI dugc tién
hanh trén may chup cong hudng tir 3T (Phillipe). Cac miu
duoc phan tich trén ché do chup T2, TE 80 ms, TR 3,0 s.

Cuong do tin hiéu anh MRI sau chup dwoc chuyén doi
sang gia tri pixel bing phan mém Image J. Dit liéu dugc
phan tich bang t-test Student trén phin mém Graph Prism
9.1.0 (221). Y nghia thong ké dugc xac dinh véi p<0,05.

Ket qua
Déc tinh in vitro ciia hé nano tir

Kha ning ting sinh cua hai dong t& bao BT-474 va
Sarcoma 189 & ndng do thir nghiém cao nhat cua Fe.O,@
PLA-PEG déu dat trén 80%, ¢ 3 nong d¢ trung gian dat 90-
95% va & ndng do thip nhit khong co su khac biét so voi
dbi chimg sinh hoc (hinh 1) (p>0,05). Két qua thir nghiém
cho thdy hé nano Fe,0,@PLA-PEG ¢ dai noéng do thir
nghi¢m khong gay doc cho t€ bao. Gia tri IC, thu dugc 16n
hon 500 pM.
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% So véi déi chirng sinh hoc

0.5pM 0,05 pM

5 M

500 pM 50 pM
M Sarcoma 180 mBT-474

Hinh 1. Ty 1¢ ting sinh ciia té bao Sarcoma 180 va BT-474 so véi ddi
chirmg sinh hoc khi dugc thir nghi¢m dgc tinh véi h¢ nano Fe,O,@
PLA-PEG theo dai ndng d¢ 0,05-500 M.

Phdn lap va dinh danh dai thuc bao

Quén thé té bao thu tir xoang bung chudt duoc quan sat
dudi kinh hién vi quang hoc ngay sau khi phan 1ap gdom cac
té bao dang cau, tréi ndi, kich thudc khong dong nhat (hinh
2A). Sau 24h nudi cdy, da s6 cac té bao bam dinh, mot sd
hinh thanh cac chan gia dic trung cho kiéu hinh cta té bao
thuc bao voi kich thude khoang 10-15 pm (hinh 2B). Két
qué phan tich trén kinh hién vi dong tu laser quét LSM 510
(Carl Ziess) cho thay hau hét cac té bao déu biéu hién duong
tinh v61 chi thi sinh hoc CD11b gén FITC ¢6 mau xanh la
(hinh 2C) va ¢6 nhan dang hat ddu dic trung cho céc té bao
dai thuc bao (hinh 2D). Thong ké trén phan mém FACS
DIVA ctia hé thong FACS Canto II thé hién 97% té bao bam
dinh sau 24h nuéi cdy duong tinh vi CD11b, tuong duong
voi ty 1€ dai thuc bao thu dugc (hinh 2F).

Pl PFl=01%

L Plegts

FITG-A

Hinh 2. Té bao dai thuc bio tich tir xoang bung chudt nhit tring
Swiss. Té bao ngay sau khi phan 1ap (A) va bam dinh sau 24h nuéi ciy (B).
(A, B) =20 pm. Céc té bao duong tinh v&i chi thi ddc hiéu cua dai thuc
bao CD11b gin huynh quang FITC mau xanh 14 (C) va c6 nhan hinh hat
dau mau xanh lam (D). (D) = 10 pm. Ty 1& dai thuc bao co trong quén thé
sau nudi cdy chiém 97% (F). Bbi chimg khong nhudém huynh quang (E).
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Kha nang tang tin hiéu hinh anh chup MRI cua vit
li¢u nano Fe O @PLA-PEG

Tin hiéu chup MRI cua vat lieu Fe ,O @PLA-PEG trong
moi truong ly giai té bao Sarcoma l 80 moi truong bén
trong co thé c6 thé anh huong dén tin hiéu MRI cua cac vat
li¢u. Chinh vi vay, chung t6i thuc hién kiém tra muc d0 anh
hudng cua cac phan tir trong méi truong dich co thé 1én kha
nang tang tuong phan trong chup MRI cua h¢ Fe,O,@PLA-
PEG. Két qua cho thdy, moi truong co chura dung dich ly
giai té bao khong 1am anh huéng dén tinh chit twong phan
anh cta h¢ nano. Ché do chup T2 vén cho su khac biét manh
vé tin hi¢u giita d6i chimg khong c6 nano Fe,O,@PLA-
PEG (giéng 6) va cac gleng c6 chira-nano Fe, O @PLA-PEG
(hlnh 3B). Ngay ¢ ndng do 250 uM (giéng 2) su khac biét
vé tin hiéu téi trén man h1nh d3 rat 1 rang so voi ddi chimg
(gleng 6) (p<0 05). Tir ndng do 1000 uM (giéng 4) tin hiéu
tbi mau gan nhu chlem toan bo dién tich anh. Néu so sanh
cac giéng co cliing nong d6 vat liéu, co thé nhan thiy tin hiéu
t01 mau trén cac giéng tuong tmg tron 1an dung dich ly giai
té bao (hinh 3B) manh hon so véi trong méi trudng chi c6
nude (hinh 3A) (p<0,05). Két qua thu dugc twong tmg voi
gia tri do dugc trén Image J (bang 1).

Hinh 3. Két qua chup MRI. Két qua chup trén ché d6 T2 cua vt liéu
Fe,O (/PLA -PEG trong (A) moi truong nude, (B) moi truong dung dlCh
ly giai té bao Sarcoma 180 va (C) trong diéu kién bi thuc bao véi cac ndng
d6 vat liéu nhu sau: (1) 50 uM, (2) 250 uM, (3) 500 uM, (4) 1000 puM, (5)
2500 puM, (6) Dbi chimg khong co vat ligu.

Bing 1. Két qua do tin hi¢u sang mau (pixel) trén anh MRI ciia vit
li¢u Fe,0,@PLA-PEG biing phin mém Image J.

Gia tri cwong do sang (pixel)

T" ng g vat o . Mai trwong Khi bi

iéu (nM) Moi truong nuwéc by gidi té bio s I.uio
50 171,3+8,5 169,5+9,6 109,5+7,7*
250 168,5+9,2 121,8+9,4* 14,3+0,6*
500 76,3+6,7* 66,1+5,3* 11,5+0,5%*
1000 35,542,3* 22,9+41,5* 8,3+0,3*
2500 18,7+1,1* 10,240,3* 9,5+0,2*
Déi ching 179,6+11,8 175,8+10,5 183,1+10,9
*p<0,05
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Tin hiéu chup MRI cua v@t liéu Fe,O (@PLA-PEG sau
khi bi thuc bao: sau 24 gio pé sung yét ligu Fe3Q L@PLA-
PEG vao mdi treong nudi cay, cod thé quan sat thay nhirng
bién doi rd rét clia dai thuc bao. TE bao ¢ mau nau dé do
da thuc bao vat liéu nano vao trong té bao chat, kich thudc
té bao tang 1én, hinh thanh nhiéu khong bao, s6 lugng chan
gia giam, té bao ¢6 xu hudng co tron (hinh 4).

100 um

Divesy Mag
b

Hinh 4. Hinh anh trwong sang va hién vi dién tir (TEM) cia dai thuc bao trudc va sau khi
thue bao vat li¢u nano Fe,O 4@PLA-PEG Té bao dai thuc bao trude khi 0 véi hat nano tir Fe,O,@
PLA-PEG 6 ché d6 chup tru'(mg sang (A) va TEM (B). Té bao dai thyc bao sau khi t v6i hat nano
tr Fe,O0,@PLA-PEG ¢ ché do chup tru'orng sang (C) va TEM (D). Té bao dai thuc bao sau khi 0 v6i
hat nano tir Fe,0,@PLA-PEG ¢ ché d6 chup trudng sang (E) va TEM (F) véi d phong dai 16n.

Két qua thir nghiém ciing cho thiy hé nano FeSO @
PLA-PEG sau khi bi thuc bao Van c6 kha nang ting cuong
tin hi€u chyp MRI. Ngay tai nong d0 vat liéu u véi dai thuc
bao thip nhat 50 uM (giéng 1), tin hiéu MRI dd manh hon
s0 v6i dbi chung (hinh 3C) (p<0,05). Tin hiéu MRI gan nhu
dat tdi da tai ndng d6 250 uM (giéng 2) (hinh 3C). Nhu vay,
trong diéu kién bj thyuc bao, kha ning ting tuong phan hinh
anh MRI trén ché d6 chup T2 cua vat liu Fe,O,@PLA-
PEG manh hon so véi ¢ trang thai trong nudc va trong moi
truong ly gidi té bao. Két qua thu dwoc tuong Gng véi gia tri
do duogc trén Image J (bang 1).

Ddc tinh in vitro cua h¢ nano Fe,O @PLA PEG su dung
trong nghién ctru ¢6 gia tri IC, 16n hon nhiéu lan so vai lidu
thtr nghiém cao nhat 500 uM Theo Boyd, mét chat dugc
coi 1a ¢ doc tinh néu gia tri IC,, nho hon 100 uM [19].
Nhu vay c6 thé noi hé vat lidu nano Fe O,@PLA-PEG trong
nghién cru khong c6 hoat tinh gay doc té bao. Két qua nay
tuong dong véi cong bd ctia Domaca va cong sy trén vat
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liéu nano tr boc PLA-PEG v6i IC, 1a 37, 26, va 23 nM khi
t1ep xuc 24, 48 va 72h trén dong te bao A549 [20] va co6 doc
tinh thip hon nhiéu so v&i cong b cia Kazem va cong su 1a
27,5 va 1 pg/ml (twong duong 137,5 va 5 uM) trén dong té
bao NIH3T3 va A549 [21].

Vit liéu nano voi 16i st tir Fe,0, 1a cac chit siéu thuan
tir. Chung sé tac dong truc tiép lam g1am thoi gian hdi phuc
T2 [22], tir d6 tang do twong phan cua
hinh anh trong ché do chup T2. Két
qua thu dugc khi tién hanh chup MRI
v6i h¢ nano tir Fe,O,@PLA-PEG hoan
toan tuan theo ly thuyet trén. HE nano
Fe,O,@PLA-PEG giy ra su nhiéu
loan tur truong dia phuong tai vi tri
ma no tap trung do su tuong tac giira
momen ti cia cac proton trong nguyén
to hydro cua nudc va momen tu cua
161 Fe,O, trong qua trinh hoéi phuc. Su
nhiéu loan tir truong néu trén lam tin
hiéu trén hinh anh c6 mau t6i hon cac
vung xung quanh [23-25]. Nguyén nhan
cua hién tugng tin hi¢u MRI trong moi
truong ly giai t& bao manh hon moi
truong nude lién quan d&én sy c6 mat
cua protein va lipit. Nhitng phan tir nay
thuong c6 nhidu diém tich dién trén bé
mat va c¢6 khuynh hudng hut cac proton
mang dién tich duong. Ching tao thanh
cac cau ndi long 1éo 1am giam bét kha
nang chuyén dong tu do cua cic phan
tir nude. Phan nudce bi han ché chuyén
dong nhu vay duogc goi la nudce tu. Cac
phan tr trong nude ti chuyén dong
cham nén céc proton ctia ching dé bi tac dong boi tinh trang
khong dong nhat ctia tir truong cuc bd xung quanh, thoi gian
hoi gidn T2 ngén, hién thi trén hinh anh mau tdi hon.

Blrse magi |
[

Bach cu don nhan sau khi dugc hinh thanh ¢ tiy xwong
s& theo dong mau di cu vao trong mo dé biét hoa tao thanh
dai thuc bao. Trong quﬁn thé dai thuc bao, nhom M2 1a céc
dai thuc bao lién két ung thu dong vai tro quan trong trong
viéc 1am diu phan tng viém, loai bo san pham thai cta té
bao, kich thich su tao mach va tai té chitc mo, tir d6 kich
thich khdi u phat trién. Bang nhiéu cach khac nhau, khéi u
¢6 xu hudng 16i kéo cac dai thuc bao nay vé phia no [26,
27]. Pic diém nay goi ¥ phuong thirc hudéng dich trong
do6 cac dai thyc bao duogc sir dung nhu phuong tién dé van
chuyén hat nano tap trung vao vi tri khéi u, phuc vu cho cac
muc dich dan thubc hay chup MRI. Tinh chit ting tuong
phéan hinh anh MRI cua vat liéu nano khi bi thyc bao manh
hon so voi ¢ trang thai thuong 1a két qua phu hop do vat
liéu nano tir khi bi thuc bao s€ dugc chira trong khong bao
hoic lysosome. Trong méi trudng nay, luong nude tu do rat
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it, trong khi néng d6 hat nano tur lai cao nén ca thoi gian hoi
gian T2 duoc rit ngan va lam tang tin hiéu mau toi.

£ a
Ket luan

Két qua nghién ctru cho thay h¢ nano Fe,O,@PLA-PEG
khong c6 doc tinh voi hai dong té bao BT- 474 va Sarcoma
180. Bong thoi, hé vat liéu st dung trong nghién ctru c6 tin
hiéu tot trén ché do chup T2 trong moi truong nude, moi
truong 1an t& bao va khi bi thyc bao nén c6 tiém ning ng
dung cao trong hd trg ting tinh twong phan hinh anh chup
MRI. Ngoai ra, cac dai thuc bao c¢é thé duge sir dung nhu
mot tac nhan van chuyén tiém nang dé dua vat liéu nano
dén vi tri khéi u, tir d6 phuc vu cho cac ung dung chan doan
bang chup cong hudng tir hay mang thudc hudng dich.
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