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The rapid development of nanotechnology over the past few years has provided
a great deal of potential applications in science and technology, particularly in
the field of nanomedicine. Among inorganic metal nanomaterials, gold
nanoparticles have been reported to be utilized in the treatment of a number of
human diseases, ranging from degenerative diseases to infectious diseases, and
especially in the treatment of malignant cancers. Over the last few decades,
multidisciplinary research has focused on the design and optimization of gold
nanoparticles to improve cancer diagnosis, and enhance effectiveness in the
treatment of this monstrous disease. Due to its highly radiation absorption,
unique physicochemical properties, high selectivity in targeting target tumor
cells, low toxicity, and the ability to deliver anti-inflammatory drugs, together
with effective tumorigenesis and easy integration with other treatments, gold
nanoparticles appear as a promising elements in the development of novel
therapies in oncology. Although gold nano particles have not yet approved for
universally clinical use, the ongoing research on this material has proved its
potential in the fight against cancer. This review analyzes the essential roles of
gold nanoparticles as contrast agents in bioimaging diagnostic, drug/genetic
material transporters, radiosensitizers in cancer radiotherapy, agents in
photothermal therapy, and summarizes the most recent advances as well as
updated clinical applications of gold nanoparticles in cancer treatment.
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Sy phat trién nhanh chéng cua cdng nghé nano trong nhimg ndm qua da cung
cap nhiéu tmg dung tiém nang trong khoa hoc va cong nghé, dang chu y 1a s
phét trién ngay cang manh mg trong linh vyc nano y hoc. Trong s6 cac vat liéu
nano kim loai, hat nano vang duoc ghi nhan sir dung trong viéc diéu tri nhiéu
bénh & ngudi, tir bénh thoai hoa dén bénh truyén nhidm, va dic biét 1a trong
diéu tri ung thu ac tinh. Vai thap ky tro lai day, cac nghién ctru da nganh da tap
trung vao viéc thiét ké va téi uru hoa hat nano vang nham hd trg cac phuong
phép chan doan ung thu va ting cudng hiéu qua trong diéu tri can bénh quéi 4c
nay. Dya vao kha ning hip thu tia phdng xa cao, cac dic tinh Iy hoa doc déo,
tinh chon loc cao trong viéc nham muc tiéu dén cac té bao khdi u dich, doc tinh
thép, ciing nhu kha ning van chuyén cac loai thusc chong ung thur hidu qua va
viéc két hop dé dang véi cac phuong phép diéu tri khac, cac hat nano vang xuat
hién nhu yéu t6 day tiém ning trong viéc phét trién céc liéu phap diéu tri mai
trong ung thu hoc. Tuy chwa duoc chap nhan sir dung dai tra trong 1am sang,
nhitng nghién ctru mé rong vé hat nano vang cho thdy tiém nang ciia chiing
trong cudc chién chdng lai ung thu. Bai tdng quan nay phan tich cac vai tro
quan trong cia hat nano vang nhu chit trong phan trong hd trg chan doan hinh
anh, chat van chuyén thudc/ vat liéu di truyén, chat tang cudng dap tng Xa tri,
chit tham gia vao liéu phap quang nhiét chéng ung thu, va tém tit nhiing tién
bo gan day nhat trong nghién ctu thir nghiém ciing nhu cap nhat cac tng dung
Iam sang ciia hat nano vang trong diéu tri ung thur.
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1. Pat van dé

Ung thu 12 mét trong nhitng can bénh dan dén ty 1¢ tir vong hang dau trén thé gisi. Theo s6
liéu trt GLOBOCAN 2020, c6 khoang 19,3 tri¢u ca ung thu méi va 10 triéu ca tir vong do ung
thu xay ra trén khap thé gigi [1]. S6 ca mac méi va sb ca tir vong do ung thu dugc dy dodn s&
tang 1én 22 triéu va 13 triéu mdi nam tuong ng vao nam 2030 [2]. Cac phuong phép phd bién
thong thuong duoc st dung dé diéu tri ung thu con kha han ché, bao gém phau thuat loai bo khoi
u, hda trj va xa tri. Tuy dem lai nhitng hiéu qua nhét dinh, nhung nhiing liéu phap nay gay ra mot
s6 nhugc diém va tac dung phu nhu: lam ton thuong cac mé khoe manh 1an can, gy mét moi,
thiéu mau, kém theo nhiém tring, rung téc, thoi gian diéu tri kéo dai va tén kém [3]. Bén canh do,
viéc thiéu thdn cac phuong phap chan doan hiéu qua dé phan biét giita nhirng té bao ung thu 4c tinh
va té bao khoe manh, doc tinh cao cua thude diéu tri ung thu, tinh chon loc thudc kém, kha nang tai
phat ung thu va cam ung té bao ung thur khang thudc phét trién, da dan nhimg dén han ché chua
khéc phuc duoc cua cac phuong phap truyén thong nay [4]. Vi vay, cac phuong phép gitp chan
doan khdi u chinh xéc, ciing nhu nhitng liéu trinh diéu tri méi cai tién, ¢6 kha nang phat hién khdi u
som, doc tinh thp, 1am giam téc dung phu, c6 tac dung diéu tri riéng biét cho cac loai ung thu khac
nhau can duoc nghién ciru va phat trién mot cach nghiém tdc va cép thiét.

Cung voi su phat trién khong nging cua khoa hoc ¢éng nghé, chi trong thoi gian ngan, linh
vuc nghién ciru vé vt lidu nano da phat trién vo cting nhanh chéng va cho thay cé nhiéu hira hen
trong linh vuc y hoc, dic biét 1a sy cai thién va phat trién cac tac nhan chan doan va diéu tri méi
trong ung thu nham dat duoc hiéu qua téi da véi tac dung phu téi thiéu nhét [5]. Véi cac dac tinh
Iy hoa dé dang diéu chinh, cong véi viéc c6 kich thudc rat nho, cac hat nano co thé twong tac
rong rai véi cac phan tir sinh hoc, ca trén bé mat va bén trong té bao ung thu. Tir khi viéc st dung
cac vt liéu nano dé chan doan va diéu tri ung thu duoc nghién cuu, cac két qua vé diéu tri ung
thu duya trén nano vang (AuNPs) da dugc bao cao 6 nhiéu tién bo va thanh tuu noi troi. Bat chap
nhitng két qua dang khich 18 thu duoc véi cac hat nano bac, cac hat nano vang van dung dau
trong sb cac hat nano kim loai quy dung trong chira tri ung thu. Cai va cong su da mé ta tinh linh
hoat cia AuNPS nhu 14 “vién dan ma thuat vang”, vi chiing thé hién tinh linh hoat tuyét voi vé
chtre ning bé mat, dugc st dung trong hinh anh va nhiéu lidu phap tri liéu da dang khac nhau [6].
AuNPs dugce xem nhu mot tac nhan ndi troi trong chan doan va diéu tri ung thu vi d& tong hop,
chi phi thap, ty 1& dién tich bé mat 16n, tinh twong thich sinh hoc cao, doc tinh thap, kha ning
tham nhap sdu vao cac mé ung thu va quan trong nhét 1a ban chat khong gy nén cac dap tng
mién dich khi ching dugc dwa vao co thé con nguoi [7], [8]. AuNPs duoc lam tir tién chat kim
loai nén rat bén nhiét, do d6 rat 6n dinh va khdng c6 kha niang bi phan hiy sinh hoc [9]. Bén canh
d6, AuNPs thé hién cac dic tinh vat ly va hoa hoc doc déo do hinh dang va kich thudc khac nhau
[10], nén chiing c6 thé duoc tong hop thanh cac dang dic trung nhu khdi da dién, hinh cau, ta
dién, hinh tt dién nhiéu soi xoén, bat dién, khdi thap dién, hinh tam giéc nano, tiéu cau luc giéc,
thanh nano va nanoprisms, dé dap ung cac nhu cau cu thé cho ting thé loai ung thu riéng biét
[11]. Tai Viét Nam, nhiéu nghién ciru (ng dung hat nano vang ciing da duoc béo céo, cu thé 1a
viéc sir dung 7,55 ppm dung dich nano vang phoi tron vao my pham cho két qua khong kich ting
da [12]; hoac viéc tong hop san pham nano vang/carboxymethyl chitosan bang phuong phap
chiéu xa c6 thé san xuét ra cac san pham duoc, héa my pham c6 tinh chéng oxy hoa cao [13] hay
AuNPs duoc str dung nhu mét chat khir va chat 6n dinh trong nudc sinh hoat [14]. Thuy Duong
va cong su tai Vién Han 1am khoa hoc cong ngh¢ Viét Nam da tién hanh khao sat hiéu @ng quang
nhiét cua hat nano vang c6 cau trdc I8i/vo SiOx/Au va Fes04/SiOz/Au khi dugc chiéu sang bang
ngudn laser c6 bude song 808 nm va danh gia tic dong cua thi nghiém nay trong viéc tac dong
dén mo thit. Két qua cho thdy mé thit c6 thé bi pha hay hoan toan bai laser khi két hop vai su 6
mat caa AuNPs [15]. Tuy nhién, chua c6 bt ky nghién ciu tién 1am sang hay 1am sang nao tai
Viét Nam str dung hat nano vang trong chan doan hozc diéu tri ung thu dwoc ghi nhan lai. Do do,
bai tbng quan nham cung cip thong tin tong hop V& nhiing thanh tuu di duoc cong bd trén thé

http://jst.tnu.edu.vn 236 Email: jst@tnu.edu.vn


http://jst.tnu.edu.vn/
mailto:jst@tnu.edu.vn

TNU Journal of Science and Technology 227(14): 235 - 246

giéi nham tao tién d& cho nhiing nghién ctru trong twong lai & linh vyc nano y hoc diéu tri ung
thu tai Viét Nam. Trong bai tong quan nay, ung dung cia AuNPs s& dugc gisi thiéu, bao gém
g dung trong hd tro chan doan hinh anh ung thu, hoat dong nhu chat van chuyén thudc va acid
nucleic, 1a chat nhay cam hiéu ung buc xa trong két hop diéu tri xa tri va liéu phap quang nhiét
phé huy té bao khéi u (Hinh 1).

Hormonal
therapy

Immunotherapy-—

Types of
Cancer
Treatment

Surgery

Bio-imaging

Contrast agents
a8

Radiotherapy ge———
Radiosensitisers

Bone
marrow
transplant

Personalized —<Gr———————
therapy

Gene therapy

» Chemotherapy Drug delivery
Photothermal

Photodynamic

- AuNPs

Hinh 1. Ung dung cuia hat nano vang trong diéu tri ung thw
Cha thich: Types of cancer treatments (Cdc phicong phdp diéu tri ung thw). Tir trai sang: Hormonal
therary (ligu phap si dung hormone); Surgery (phau thudt): Bio-imaging (chdn dodn hinh anh sinh hoc),
Contrast agents (chat can quang); Bone marow transplant (ghép tiy); Chemotherapy (Hoa tr; liéu): drug
delivery (chdt van chuyén thusc), Photothermal (quang nhiéz), Photodynamic (quang déng); Personalize
therapy (liéu phap y hoc cé thé): gene therapy (liéu phap gene); Radiotherapy (xa tri): radiosensitisers
(chdt nhay cam xa tri); Immunotherapy (liéu phap mién dich); AUNPs: Au nanoparticles (hat nano vang).

2. Ndi dung téng quan
2.1. Lich si nghién cizu hat nano vang

Ung dung y hoc cua vang va céac phiic chat cia né da duoc ghi nhan lai rat 1au doi trong lich
sir. Tai Trung Qudc, A Rap va An B thé ky truéc V — IV trude Cong nguyén da khuyén nghi sir
dung keo huyén phu cua cac hat nano vang trong chét long dé diéu tri cac bénh khac nhau, mac
du co ché hoat dong luc d6 van chua thé duoc giai thich mét cach rd rang. G Chau Au thoi trung
cb, vang keo thuong duoc nghién ctu trong cac phong thi nghiém gia kim va duoc sir dung dé
diéu tri bénh tdm than, giang mai, tiéu chay va tham chi dugc khuyén cdo nhu than dugc cua tudi
tho [16]. Bai bao khoa hoc dau tién vé cac hat nano vang dugc Faraday trinh bay vao nam 1857,
cho rang mau do 1a do ban chit keo ciia AuNPs va 6ng dd mo ta cac tinh ning tan xa anh séng
ctia chung. Nam muoi nim sau, cac dac tinh hip thu nhin thiy dugc cia AuNPs dugc giai thich
bang cach sir dung phuong trinh dién tir Maxwell [17]. Ban chat 1a mot kim loai quy nén hat nano
vang c6 mot dic tinh quang hoc doc déo khong tim thiy & cac hat nano kim loai thong thuong,
d6 chinh 14 hién twong cong hudng plasmon bé mit (surface plasmon resonance, SPR), do tinh
chat nay, AuNPs duoc sir dung trong nhiéu linh vuc khéac nhau nhu xic tac, cam bién sinh hoc,
dugc my pham [18]-[21]. Ngoai ra, kha ning khang khuan tét caa AuNPs tir cac dich chiét thuc
vat va vang nano tong hop ciing da duoc ghi nhén lai kha nhiéu [22]-[25]. Tuy cac hat nano vang
da dwoc nghién ctru va tng dung trong nhiéu linh vuc khac nhau, chiing van con an chira nhiéu
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htra hen vai cac khdm pha méi tir ching, dac biét l1a trong linh vuc y hoc hién dai. Tai Viét Nam
hién nay, nhiéu nha khoa hoc dang rat quan tim dén viéc nghién ciru tong hop AuNPs va khao sat
cac ung dung cua ching. Tuy nhién, chua c6 mot cong trinh nao nghién ciru mot cach hé thdng
qua trinh tong hop nano vang va nhiing &ng dung cia nd trong y hoc va diéu tri ung thu.

2.2. AuNPs trong chdn dodn hinh anh khéi u

Céch hiéu qua nhit dé cai thién tién lugng cho cac khdi u la viéc phat hién sém su xuat hién
cuia cAc té bao nay. Hién nay, chan doan hinh anh 1a mot ki thuat tién tién giup phat hién cac khdi
u giai doan dau va gitip cac bac si phau thuat dua ra dwoc huéng diéu tri chinh xé&c. Tuy nhién,
mot trong nhitng théch thac I6n nhat chdng ta phai déi mat 1a viéc phai ¢6 duoc mot hinh anh rd
rang vé vi tri chinh xac noi khéi u két thiic va md khoe manh bat dau, nham tranh dé lai mot so té
bao khoi u hay viéc phai loai bo di qua nhiéu cac mé khoe manh. Kha néng tuong thich sinh hoc
tét, tinh 6n dinh cao, s6 nguyén tir cao, hiéu tng cong huong plasmon bé mat (surface plasmon
resonance - SPR) va c6 kha ning hap thu cao tia X cho phép AuNPs twong tac véi buc xa dién tur
& nhiéu budc séng khac nhau va tao ra nhitng hinh anh twong phan rd nét. Diéu nay khién AuNPs
c6 thé duoc st dung dé xac dinh vi tri khdi u ¢ giai doan tir rat sém [26]. Bac tinh SPR doc dao
gitp AuNPs tré thanh mot yéu tb tiém ning duoc sir dung trong cac phuong phép chin doan hinh
anh nhu chup cong huong tir (MRI), hinh anh quang am (PAI), chup cét 16p phéat xa positron
(PET) vatia X tan xa (CT tia X).

Cac hat AuNPs siéu nho da duoc bao céo khdng so hiru doc tinh cao trong céc thi nghiém in
vivo tién 1am sang. Lee va cong sy da tong hop cac hat AuNPs siéu nho cé kich thuéc 1,4 nm si
dung protein I8i cua virus HBV 1am khung va sir dung chiing nhu mét chat can quang hd tro ky
thuat MRI. Két qua cho thay hinh anh dugc cai thién mot cach dang ké do kha ning xuyén thau
qua ca khdi u mé dudi da va mé sau & chudt sdng trong thi nghiém nay [27]. Quan trong la viéc
sir dung AuNPs siéu nho khdng gay ton thuong mé do su luu giit khdng lau dai cac hat nano nay
trong than so voi cac hat siéu thuan tir vo co khac. Trong chan doan PAI, cac mé dugc chiéu xa
vé6i xung laser khdng bi ion héa két hop vai cac phan tir noi sinh (hemoglobin hoac melanin)
hodc cac chat can quang ngoai sinh, 1a cac yéu té gilp hap thu ning luong. Khi so sanh véi cac
h6a chat nay, AuNPs cho thay c6 tiét dién hap thu cao hang nghin 1an so véi thudc nhuém hiru co
thong thuong nhu rhodamine-6G hoic indocyanin xanh luc [28]. Vi thé, AuNPs duoc sir dung
nhu phén tir can quang trong k¥ thuat PAI trén m6 hinh dong vat nhung AuNPs c6 duong kinh
lén khong duoc bai tiét higu qua qua than, do d6 chiing da bi han ché sir dung trong cac nghién
ctu lam sang [29], [30]. Trong mot thi nghiém khac, Sokolov va cong su da bt cap khang thé
don dong cua yéu td téng truong biéu bi (EGFR) v&i AuNPs c6 kich thudc 5 nm va 40 nm dé dén
nhan té bao ung thu. Két qua cho thiy AuNPs 5 nm va 40 nm déu hap thu tia hong ngoai manh
m& va duy tri tin hiéu quang &m mot cach dang ké, cd thé di xuyén qua mé mot cach vuot troi va
duoc dao thai dé dang o than do kich thudc siéu nho cua ching [31].

Dbi v6i phuong phap chup cét 16p phat xa (PET), day duoc xem 1a mot ki thuat chan doan
khdi u phd bién. Mac du nghién ciru sir dung céc hat nano vang trong ki thuat PET dé phat hién
va chan doan ung thu trén mé hinh dong vat da duoc bao cao, nhung su tich tu cua ching trong
cac mo da lam gidi han kha nang dugc s dung cua cc hat nay trong 1am sang [32], [33]. Do do,
nhitng nghién ciru mo rong dé danh gia kha nang tich tu ciia AuNPs da dugc tién hanh va bao
cao, cu thé, Cai va cong su di tong hop AuNPs siéu nho duoc dan nhin déng (Cu64 -2,5 nm) lam
chat can quang trong ky thuat PET trong chan doan tiém an bénh than & chudt [34]. Két qua chi
ra rang, cac hat AuNPs dugc dao thai nhanh chong boi than, két qua chan doan chinh xac, va su
an toan khdng xam lan dén cac co quan khac di dwoc ghi nhan. Cung véi cac ky thuét chin doan
ké trén, hinh anh tan xa sir dung tia X da trd thanh mot cdng nghé hinh anh twong déi phé bién va
tién bo hon so vai ki thuat st dung tia X ¢6 dién. AuNPs da duoc biét dén vai chi s6 nguyén tir
va hé s6 hap thy tia X cao hon so v6i cac hat nano dya trén iod. Nhing dac tinh nay, cing véi
doc tinh thp, 1am cho AuNPs tré thanh tng vién 1y tuéng dé sir dung lam chit can quang trong
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chan doan hinh anh tan xa sir dung tia X [35], [36]. Vi muc dich nham phét hién sém ung thu
biéu md té bao gan HCC, Rose-Petruck va cong sy di tong hop AuNPs voi mot 1op pha
polyelectrolyte dé 1am chét twong phan trong hinh anh tan xa tia X [37]. Két qua cho thay viéc sir
dung AuNPs siéu nhoé nhu chét twong phan c6 d6 nhay cao hon va cho chat luong hinh anh tot
hon trong viéc phat hién cac cum nho cua té bao HCC. Trong mét nghién ctu khéac cua
Smilowitz va cong su, ho da sir dung AuNPs siéu nho dé cai thién hinh anh chan doan va xa tri
trén chuot. Két qua cho thay do tinh tham thanh mach trong khéi u cao hon, cac hat AuNPS siéu
nho c6 kha nang tich tu lai nhidu hon tai vi tri khdi u va cho dé tuong phan hinh anh cao hon binh
thuong [38].

Céc dac tinh cia AuNPs, bao gém kich thudc nho, kha niang twong thich sinh hoc tét, s6
nguyén tir cao va kha ning lién két cac tac nhan nham muc tiéu, khién ching tre thanh chat tuong
phan vo cung tiém nang trong cac phuong phap chan doan hinh anh. AuNPs c6 s6 nguyeén tir cao,
dan dén kha nang hap thu tia X bang kilovoltage 16n hon va cung cép do tuong phan Ién hon cac
chat twong phan tiéu chuan thong thuong. Cac vt liéu twong phan nay gilip cai thién viéc xac
dinh vi tri cua cac khéi u &c tinh bang cach ting kha ning hap thu photon quang dién, ting do
chinh xac cua chan doan va giup phéan chia giai doan khéi u rd rang, do d6 hd tro trong viéc xac
dinh lidu lwong va trong 1ap ké hoach diéu tri bang phéng xa. Tuy nhién, tly thudc vao kich
thudc cua cac hat AuNPs, ching c6 thé tich tu trong than va bang quang trong qué trinh bai tiét
qua than. C4c hat c6 kich thuéc 16n c6 thé bi gitr lai, trong khi cac hat c6 kich thudc nho s& duoc
dao thai dé dang qua than. Vi li do d6, cac hat ndy can duoc thiét ké c6 kich thudc sidu nho va téi
vu héa chirc ning dé c6 thé dé dang dugc dao thai nhung van thuc hién tt chire ning can quang
caa minh.

2.3. AuNPs trong diéu tri ung thu

2.3.1. AuNPs trong phan phéi thuéc khdng ung thw va van chuyén acid nucleic trong liéu phap
gene chira tri ung thu

Ung dung cua cdng ngh¢ nano dya trén viéc phat hi¢n va chan doan sém cac khdi u bang céc
cau tric nano c6 thé nham dung céc loai thudc hoa tri liéu muc tiéu va dua ching dén cac vi tri
khi u cu thé. Vai dién tich bé mat I6n va kha nang hoat dong bé mat cao, AuNPs c6 thé két hop
tryc tiép hodc gian tiép va twong tac véi cac phan tir khac nhau, hoic c6 thé mang nhiéu phan tu
cung lic, bao gdom thuédc, khang thé, protein hoic peptide, acid nucleic (DNA hoic RNA), phdi tir
nham muc tiéu va mot sé cac phan tr khac [39] (Hinh 2). AuNPs véi duong kinh 32 nm két hop
vé6i yéu t6 hoai tir khéi u (TNF) dd duoc st dung dé nham dén muc tiéu 13 té bao ung thu truc
trang &c tinh MC38, phtic hop nay cho thiy c6 kha ning tac dong truc tiép vao té bao khéi u dich,
it tich tu trong gan va céc co quan khac ¢ thi nghiém mé hinh ung thu trén chudt. Hiéu qua nay
cling duoc bao cdo 1a cao hon khi so sanh véi diéu tri TNF don thuan khi khong két hop véi cac
hat nano vang [40]. M6t nghién ciu vé su lién hop cua kaempferol - mét flavonoid gay pha v
DNA trong cac té bao ung thu 4c tinh, ciing v&i C4C cum nano vang c6 kich thude 2 nm gitp ting
cuong doc tinh Ién té bao ung thu, giam sy ting sinh ciing nhu 1am han ché di sy di can coa té
bao ung thu phdi A549, trong khi doc tinh cua thudc ddi vai cac té bao khoe manh lai duoc giam
bot déang ké [41]. M6t vi du khac cho thay su két hop giita vo nano vang duoc phi wedelolactone
liposome, cung véi sy tang than nhiét do tac dung cua tia hong ngoai da lam giai phong 97,34%
wedelolactone trong 8 gio va tc ché su phat trlen clia c4c té bao u xwong 143B dén 95,73%, va
tic ché ca su phat trién md hinh khi u nay trén mau chuot thi nghiém [42].

Su trc ché hinh thanh mach 1a mot trong nhimg ng dung trién vong cua cac hat nano vang
trong liéu phap hoa tri diéu tri ung thu. Yéu t6 ting truong ndi mdé mach mau ting truong khdi u
(VEGF), dugc biét dén nhu chat kich hoat tao mach, dwoc biéu hién qué mirc trong qua trinh phat
trién va di can cta cac khoi u. Nghién ciru trén cac hat AuNPs hinh cau tran da dugc bao cdo co
kha ning tuong tac voi cic yéu to ting truong lién két v6i heparin nhu VEGF165 va FGF, va tic
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ché hoat dong cua cac yéu td nay. Hon nita, AuNPs trc ché tinh tham thau va hinh thanh mach in
vivo do VEGF giy ra trong md hinh tai chudt va khdi u budng trimg chudt [43]. Trong mot
nghién ctru khac, AuNPs hinh cau di duoc ching minh la chét mang hiéu qua cho endostatin,
mot tac nhan khang sy hinh thanh mach mau thuong dwgc st dung rong réi trong diéu tri lam
sang. Su két hop gitra hai yéu to ndy lam giam sy di can cua te bao ung thu va sy hinh thanh 6 ong
mach trong thi nghiém nudi cay té bao HUVEC duoc nudi cay, dong thoi e ché biéu hién cta
thu thé yéu té ting truong ndi mé mach méau 2 (VEGFR2) va yéu té AGR2 trong bénh ung thu
dai tryc trang di can [44].

Liéu phap gene 1a mot phuong phap 1y twong dé ngan ngira va diéu tri ung thu béng céch sir
dung DNA va RNA ngoai lai, tai nap cac vat liéu nay vao bén trong té bao ung thu nham ngin
chan sy phan chia va phat trién cua cac té bao 4c tinh nay thdng qua wuc ché hoat dong cua cac
yéu t6 phién ma (transcription factors). So véi cac loai thudc phan tir nho, céc loai thube acid
nucleic phan 16n khong bén do cac yéu t tac dong nhu sy dé bi phan hay bai cac enzyme, su
thoai hoa hoa hoc va vat Iy trong qué trinh thao tac gene va chuyén gene [45]. Do d6, can phai cd
phuong tién phan phéi ly tuong dé van chuyén céc phan tar nay, nham ngin chan sy thoai héa
acid nucleic va gidp sy chuyén nap ching hiéu qua vao cac té bao khéi u. AuNPs c6 thé bao vé
acid nucleic khoi enzyme phan hity DNA I [46], c6 dién tich bé mat 16n va dé dang thao tac nén
duoc s dung nhu mot chét chuyén nap lugng 16n acid nucleic nhdm cai thién hiéu qua chuyén
nap va lam giam di doc tinh véi té bao dugc chuyén nap [47]. Mitra va dong nghiép da sir dung
khang thé don dong két hop phan tir t& bao biéu mé (EpCAM) lam phdi tir nham lién két n6 véi
hat PEI-AuNP. Cac hat nay da tai nap cac RNA im lang (silence RNA — siRNA) thanh cbng va
xam nhdp vao céc té bao u nguyén bao vong mac RB va giét chét dang ké mot lugng té bao nay
[48]. Ryou va cong su cling di chi ra ring AuNPs c6 thé tai nap aptamers vao té bao ung thu phoi

A549 ¢ ngudi va kich hoat sy chét cac té bao nay mot cach hiéu qua [49].
Hv.

Drug Antibody

Nucleic acid / Targeting ligand
Au M\"
Protein/peptide

Hinh 2. S két hop da dang véi cac phan tie sinh hoc cizia AUNPS
Ghi chi: AuNsP c6 thé két hop truc tiép hodc gian tiép véi cac phan tir khdc nhau nhw: Hv (chiéu xa Véi
anh sang; Drug (thudc); Acid nucleic (DNA hogc RNA); Protein hogc peptide; Photosensitizer (chdt cam
quang); Targeting ligand (phéi tiz nham muc tiéu); Antibody (khang thé) [28].

Photosensitizer

Cac hat nano vang c6 dac tinh riéng bi¢t khong gidng vai cac nano kim loai thong thuong, do
la hi¢u tng cong huong plasmon bé mat cuc b, chi hién dién ¢ cac kim loai quy, diéu nay cho
phép viéc thay do6i cau truc bé mat hay diéu chinh tiét dién dé dang, khién cho AuNPs c6 kha
nang lién két linh hoat véi nhidu nhém chirc hda hoc, protein va thudc va cé thé chu dong nhim
dung muc tiéu dén céc té bao ung thu co biéu hién qua mic cac thu thé trén bé mat té bao. Mac
di AuNPs ¢6 kha nang phan phéi thy dong dén céc vi tri khdi u & mot mie do nao d6, nhung van
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c6 nhing han ché do tinh khong dong nhit cia hé mach trong cdc dang ung thu khac nhau. Do
do, can phai c6 cac phuong phép cu the hon dé phan phoi AuNPs chinh xac den cac vi tri phat
trién khoi u dich can tac dong.

2.3.2. AuNPs trong xg tri (radiotherapy RT) va liéu phap quang nhiét (photothermal therapy PTT)

Xa tri (RT) la mot phuong phap thuong dugc su dung dé loai bo khéi u ran ¢ giai doan dau va
giai doan cudi, ciing nhu cac khéi u di cin thong qua buc xa ion hoa nang luong cao dan dén ton
thuong mé khdi u [50], loai bo sy phat trien cua khdi u cuc bo bang cach pha huy DNA cua té
bao ung thu. Tuy nhién, xa tri c0 thé gay ra tinh trang khang lai cia khéi u va doi hoi lidu buc xa
cao hon dé diéu tri & 1an ké tiép. Nhung véi lidu diéu tri cao nay c6 thé gay ra ton thuong khong
mudn c6 cho céc té bao binh thuong xung quanh mo khéi u [51]. Do do, dé cai thién do hap thu
birc xa, cac chat 1am nhay cam buc xa duge dé xuat sir dung nham lam ting ton thuong cho cac
mo khdi u trong khi giam ton thuong cho cac mé binh thudng trong sir dung liéu phap RT. Khi so
sanh véi nhitng chat lam nhay cam phong xa duoc sir dung rong rii nhu Gadolinium, bach kim
va iod, AUNPSs s6 hitu nhiéu wu diém vuot troi, chang han nhu s nguyén tir cao, cho phép dicu
chinh kich thudc dé tich ty thy dong tai vi tri khéi u, diéu chinh hinh dang va khd nang gan phan
tr nham muyc tiéu chi dong. Do d6, AuNPs duoc danh gid nhu mot chit nhay cam phéng xa tiém
ning véi tinh twong hop sinh hoc cao va doc tinh thap ddi voi té bao binh thuong [52]. Mot
nghién ciu cua Hainfeld va cong su da chi ra rang khdi u tuyén vi EMT-6 & chudt dugc loai bo
hoan toan trong 30 ngay sau khi tiém tinh mach cac AuNPs kich thudc 1,9 nm két hop véi diéu
tri tia X & muc 250 kVp, hiéu tng nhay cam bac xa cao ctia AuNPs ciing dugc ghi nhan lai [38].
AuNPs ciing duoc ap dung trong cac nghién ctru diéu tri cac khdi u khac nhau nhu: ung thu nio
[53], ung thu vu [54], ung thu da éc tinh [55], [56], ung thu truc trang [57], [58], ung thu biéu md
co tir cung [59] va ung thu hach bach huyét [60], do tinh nhay cam véi phong xa va duoc sir dung
nhu mot chét két hop xa tri nham ting cudng hiéu qua cua liéu phap nay trén cac té bao ung thu,
thdng tin chi tiét duoc trinh bay tai Bang 1.

Bang 1. Két qua két hop giiza chiéu xg (tri) va hat nano vang trén cac logi ung thw

Liéu lrgng,

Liuchiéuxa  kich thuéc Té bao ung thu Két qu TLTK
: thir nghiém
AUNPs
s .. Ty lé song s6t sau mot nam 1a 86% & nhom
250 kvp X-ray 2! 9/Kg Ung thu bieu MO tUYen o\ &t a1 tri két hop: 20% khi chi chidu xa  [21]
1,9 nm vu EMT-6 . \ . s N
tia X va 0% chi véi nano vang.
4GVRT PEGylated- U nguyén bao than Ting dang ké ton thwrong DNA trong céc té [36]
y AuUNPs kinh dém U251 ngudi  bao u nguyén bao.
0 kvo a8 Y33 Ung thu vii (1 ch - Tang nhan dién va tiéu diet céc t bao ung -
p A-ray 99 in situ) thu duge danh dau boi AUNPs.
2val0nm
) Lam cham sy phat trién khdi u; kéo dai thoi
20 - 95 Gy RT 5mg/ml Té bao ung thu da gian séng sot; gia ting cac tin hiéu chét té [38],
Y 13 -50 nm B16F10 bao 1ap trinh bén trong khéi u; lam giam [39]
kich thudc khoi u.
Té bao ung thu tryc
1-2 GV RT 10-25 pg/mi trang nguoi LoVo; Tang ty I¢ dut gay Sqi'kép DNA,; anh huong [40],
y 10 nm HT29 cancerous stem-  10% sy song sot cua té bao. [41]
like cells
Biic xa truyen : . Tang hidu Gng buc xa, ting san xuat goc
nang lugng 15 nm citrate- Ung thu biéu mo co tu g ew ¥ g Duc xa, tang san Xuat go
2 . - hydroxyl; tiéu diét té bao ung thu ca véi buc [42]
tuyén tinh cao capped AuNPs  cung ¢ ngudi HelLa hép va
(LET) Xa LET thap va cao.
Chiéu xa <100 ug/ml; U hic t6 mang mach Ting su 'Chét va giam kha nang phén chia [43]
gamma 50nm va u lympho Burkitt cua Céc té bao ung thu.
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Liéu ph&p quang nhiét 1a phuong phap su dung chat cam quang hitu co (xanh indocyanine,
phthalocyanine, heptamethine cyanine) dugc chiéu xa boi ngudn anh sing bén ngoai dé tao ra
nang luong nhiét 1am tang nhiét do 18n 40-45°C (tang than nhiét) trong cac té bao dich, giy ra
cac hién tuong nhu ly giai té bao, bién tinh vat liéu di truyén va protein, din dén tiéu diét cac té
bao c6 chirc ning khong binh thudng [61]. Tang than nhiét dugc biét dén 1a nguyén nhan gay
chét té bao & nhidu mo, ting kha niang kiém soét cuc bo, ting ty 18 sdng sot khi duoc két hop véi
Xa tri va hoa tri trong cac thir nghiém 1am sang ngau nhién [62]. O khéi u binh thuong, mach mau
¢6 xu hudng gidn ra dé gilp tan nhiét, trong khi & mach mau khdi u &c tinh ¢6 xu huéng co lai.
Tuy nhién, do sy nhan dién thiéu dic hiéu ddi véi cac khdi u, khé 1am néng khéi u sau dén nhiét
d6 diéu tri va kha niang khang nhiét sau diéu tri ban dau da han ché viéc str dung phuong phap
tang than nhiét trong diéu tri ung thu [63]. Tuy thuoc vao hinh dang ma AuNPs c6 thé hap thu
anh sang hong ngoai NIR (c6 thé nhin thay duoc, hd tro lidu phap ting than nhiét tac dong dén
tan cac mo sau. Mot nghién cau da chieng minh vo nano vang (AuNPs nanoshells) c6 kich thudc
100 nm duoc tich ty téi da trong khéi u mo hinh ung thur vii ngudi SK-BR-3 trén chudt sau 24 gio
tiém vao tinh mach. Khi két hop sir dung tia laser dé diéu chinh cong huéng tir ciia vo nano, nhiét
d6 trung binh & khéi u ting 9°C & nhém chudt d6i chirng va 37°C & chudt duoc diéu tri, vai ton
thuong mo khong thé phuc hdi & nhém duoc diéu tri nay. Pang chi ¥ 1a nhom chudt dugc diéu tri
boi AuNPs nanoshells déu sdng sét sau 90 ngay ma khdng hé cé su tai phat lai cua khdi u, trong
khi tat ca nhitng con chudt trong nhom ddi ching déu chét trong 20 ngay do su phat trién khong
kiém soat cua khoi u [64]. Mot céach tiép can twong tu str dung vo nano vang PEGyl héa 110 nm
va liéu phép laser dé diéu tri mo hinh ung thu tuyén tién liét nguoi trén mau té bao PC3. Cac
AuNPs nanoshells duoc tiém vao tinh mach chudt, va tia laser dwoc chiéu 18 gio sau khi tiép xuc
v6i hat nano. Sy phan giai hoan toan cua khéi u dugc ghi nhan & 93% sb chudt duoc sir dung
laser két hop véi vo nano vang, trong khi céc khéi u dugc diéu tri bang laser don thuan khong
xuét hién sy phan giai [65].

Bang 2. Tha nghiém 1&m sang #ng dung hat nano vang (website clinicaltrials.gov)

Loai AuNPs dwoc sir dung Ung dung M4 tham khao

561 lrjn;n vang visicoil 0,7 x Céy dau 4n vang bang CT vao khéi u phéi giai doan ddu.  NCT00910546

Thir nghiém giai doan I trong diéu tri bénh nhéan ung thu

Gold sodium thiomalate PO 2 g AR NCT00575393
phdi khdng té bao nho tién trién.

Dim i g ol ving e T, A PO G o g s 0 vl

duoge dit tai vi tri phau thuat ; g C P NCT00749437

phdi xa tri dya trén giai phau xuong & ngudi bénh giai

cat bo khoi u doan sém, am tinh.

Thtr nghiém giai doan 1, nghién ciru cac tac dung phu va
licu lwong tot nhat cua vang keo TNF trong diéu tri béenh  NCT00356980
Yéu t6 hoai tur khdi u lien nhan c6 khéi u ran tién trién.

két vang dang keo Giai doan sém pha 1, nghién ctru yéu t6 hoai tir khéi u ¢
bénh nhan phau thuat ung thu nguyén phat hoac ung thu ~ NCT00436410
di can.

Ung thu dau va co (cac hat AuroShelldugc chiéu sing
Cac hat AuroShell bang tia laser dé cat bo cac ton thuong dich bang quang  NCT00848042
nhiét).

Truyén cac hat AuroShell dé chiéu xa bang tia laser

AuroLase dé loai b khdi u cia tuyén tién ligt. NCT02680535

AuroShell particle infusion

Mac di cac nghién ctu tién 1am sang da chimg minh kha nang tng dung tuyét voi cua cac hat
nano vang, viéc sir dung trong diéu tri thuc tién 1am sang van chua dwoc phé duyét boi t6 chuc
thudc va thyc pham thé gisi (FDA). Céc nghién cau in vitro va in vivo mac du cho céc két qua
kha quan, nhung diéu nay chua du bao dam cho tinh chinh xac trén cac thi nghiém ex vivo. S6
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lwong céc nghién ciu tién 1am sang ciing chwa da 16n dé ¢6 thé tién hanh budc thir nghiém 1am
sang trén nguoi. Cho dén nay, chi mot s6 ng dung lam sang cua AuNPs trong diéu tri ung thu da
duoc tién hanh va ghi nhan nhu: sir dung yeu t6 hoai tir khoi u tai t6 hop pegylated (rhTNF) phu
AuNPs (CYT-6091) [66] diéu tri cac khéi u ran nguyén phat, tién trién va di cin; cac hat nano vo
Au V6i 181 pegylated silica duoc sir dung diéu tri nhiét quang trén ung thu dau, ¢6 va ung thu
phdi; thr nghiém & giai doan 1 st dung Bcl2-L12 nhim muc tiéu AuNPs NU-0129 trong diéu tri
bénh nhan tai phat u nguyén bao than kinh dém; thuéc Nano-Ayurvedic dya trén hat nano vang
NSB, dugc chinh phi An Do phé duyét sir dung cho bénh nhan nit bi ung thu va di cin giai doan
I1IA hozc 1B [67]. Ngoai nhiing wng dung ké trén, mot s6 tng dung 1am sang cia AuNPs duoc
liét ké trong Bang 2 (thong tin dugc cap nhat trén trang web clinicaltrials.gov).

3. Két luan

Mic dii duoc nghién ciru rong rii trong linh vuc y hoc, cung cap mét nén tang hap dan cho
cac liéu phap mai dé hinh anh héa va diéu tri ung thu, mdi quan tam thuong duoc dit ra khi sir
dung cac hat nano kim loai 1a doc tinh c6 thé c6 cua chiing. Mot sé doc tinh gay ra bai cac hat
nano vang ciing da duoc ghi nhan lai, AuNPs khong thé phan huy sinh hoc va phan phéi khéng
dung muc tidu cé thé dan dén cac tac dong méan tinh va gay chét nguoi, dic biét 1a viéc ton dong
& gan va la lach trong thoi gian dai. Viéc sir dung cac hat nano dé diéu tri ung thu rt phuc tap va
can phai tinh dén cac tuong tac sinh hoc va hda hoc, ciing nhu can danh gia hiéu qua va kha ning
tuong thich sinh hoc cta cac hat nano vang khi dua chung diéu tri trén co thé nguoi. Do do, cac
huéng dan an toan thich hop phai duoc soan thao va cung cap chi tiét dua trén doc tinh cua hat
nano dé dam bao st dung ching mét cach an toan.

Nhu da dé cap ¢ trén, cac tng dung y sinh hoc da dang cua AuNPs trong chan doan va diéu tri
dugc thao luan & bai viét nay da chi ra tiém nang phong phii ctia ching trong hd trg chan doan va
diéu tri cac khdi u ac tinh. AuNPs c6 thé dugc sir dung nhu chat phan phéi thudc, chét tiang
cudng xa tri, chat cam quang trong liéu phép quang nhiét, va dong vai tro can quang hiéu qua
trong Chan doan hinh anh phan tir khdi u. Nhiéu nghién ctru da dugc mé rong nho vao su hiéu
biét vé chic ning 1y hoa va cac thudc tinh sinh hoc cua cac hat nano vang. Viéc sir dung céc hat
nano vang dé phan phéi thudc va liéu phap nhiét da duoc chitng minh trong céc thir nghiém 1am
sang giai doan I va giai doan II, tuy chwa duoc cho phép rong rii, nhung ciing 1a mot budc tién
méi trong linh vuc y hoc nano hién nay. Sé luong cac cong bé lién quan dén AuNPs va diéu tri
ung thu khéng ngimg ting 1&n theo thoi gian, chang minh két qua day hta hen trong twong lai
gan, bénh nhan ung thu s& c6 thé huong loi tir cac lidu phap mai dé thay thé hoic bd sung cho
cac phuong phéap diéu tri hién tai. Theo thoi gian, véi nhitng nghién cau khdng ngimg dugc mo
rong vé AuNPs, nhiéu liéu phép dua trén vat liéu nay c6 nhiéu ki vong s& duoc chap thuan sir
dung trong 1am sang trong mot twong lai rat gin dé diéu tri da dang cac loai ung thu.
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