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Cac phu’o’ng phap chan dosn ung thu hién nay déu dua trén nguyen tic gin két dic hidu giira khang
nguyen v6i tac nhan do dac la cac phan tir phat quang dé xac dinh nong d§ khang nguyén dwa trén pho
mau tu’o'ng urng thu duge. Trong nghién ciru ctia nhém tac gia, thiét bi chan doan dwoc ché tao dua trén
nguyen tic hoat dong mdi, sit dung tic nhin do dac 1a cac hat nano tir véi phép do tir tru’(rng cam ung cia
cac hat nay khi ¢ gan két diic hi¢u véi khang nguyén de xic dinh nong do khang nguyén. Bai bao gidi
thiéu tong quan vé thiét bi méi dwgc nghién ciru phat trién, ciing nhw nhirng yéu to dic tha lién quan téi
phwong phap do va ky thuit thu nhan tin hiéu.

Tir khéa: cim bién tir GMR, hat nano tiv, thiét bi chin dodn ung thu.
Chi 6 phdn logi 2.6

A cancer diagnostic instrument based on
magnetobiological links

Summary

A cancer diagnostic instrument based on a
new detection method has been investigated
and developed by the research group. In
current immunological diagnosis tests, specific
binding between cancer antigens and sensing
agents creates particular optical signals
which correlate with the concentration of the
antigens. These tests are affected greatly by
the medium conditions of the cancer samples.
The instrument developed here uses a new
kind of sensing agent, magnetic nano-particles
in order to overcome the limitations of the
immunological methods in measuring the
antigen’s concentration by means of induced
magnetic signals of nano-particles binded
specifically with the antigens. This paper
presents an overview of the instrument and its
novel points related to measuring method and
detecting technique.
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pat van de

Ung thu dang 1a mdi de doa ddi véi tat ca cac qudc
gia, trong d6 c6 Viét Nam, boi day 1a nguyén nhan gay
tur vong hang dau trén thé gidi. Tuy nhlen benh nay
c6 thé chira khoi hodc kéo dai thoi gian séng néu duoc
phat hién sém va diéu tri kip thoi. Do d6, chan doan
ung thu trd thanh mot trong nhimg nhu cau pho bién
va hét stic cap thiét hién nay, viéc phat hién som can
bénh nay 1a mot trong nhimg yéu t6 quan trong giup
han ché dugc mire do tir vong. Mbi bénh ung thu déu co
mot hodc mot vai loai khaing nguyén dac hiéu dai dién
cho bénh d6. Hién nay, hau hét cac phuong phap xac
dinh ung thu déu dua trén nguyén tic gan két dic hiéu
gitta khang nguyén ung thu va mét tac nhan chuyén ddi
(co chat) dé d& dang phat hién ra ching thong qua céc
phép do. Mot trong nhimg phurong phap pho bién nhét
dang dugc ap dung & hau hét cac phong xét nghiém,
co s& y té 1a phuong phap “Xét nghiém hip thu mién
dich lién két enzyme”, hay ELISA (Enzyme Linked
Immunosorbent Assay) [1]. K§ thuit ELISA bao gom
3 thanh phan tham gia phan tng: khang nguyén, khéng
thé va chit tao mau. Nguyén 1y chinh ctia phuong phap
nay 1a su két hop dic hiéu giita khang nguyén va khang
thé, trong d6 khang thé dugc gin véi mot enzyme dé
khi cho thém vao phéan tmg co chét thich hop (thuong 1a
nitrophenol phosphate) thi enzyme s& thily phan co chat
thanh mot chat c6 mau. Tir d6, gitp dinh luong ndng
d6 khang nguyén hay khang thé can phat hién thong
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qua cuong do mau thu dugc. Phuong phap nay dugc
thiét ké cho viéc phat hién va dinh luong vat chat nhu
peptides, protein, khang thé, hormone. .. Day la mot ki
thuat kha nhay va don gian, cho phép xac dinh khang
nguyén hodc khang thé & mot nong do rat thap (khoang
0,1 ng/ml). So véi k¥ thuat mién dich phong xa (RIA
- Radio immuno assay) [2] thi k¥ thuat nay c6 chi phi
thip hon va an toan hon ma van dam bao do chinh xéac
nhu nhau.

Gan day, cing vé6i sy tién bd trong nghién ciu
vét liéu méi, hiéu tng tir tré khong 16 - GMR (Giant
Magneto-Resistance) dugc phat hién va da doat giai
Nobel vat ly nam 2007 [3]. Dya trén hi¢u tng nay, mot
loai cam bién tir siéu nhay c6 tén l1a cam bién GMR da
dugc nghién ctru phat trién, cho phép thu nhan duoc
tu truong si€u nho cua cac ludng cuc tu. Kha nang
thu nhan tir truong cia cam bién trong dai rt rong, tir
10 T (nano tesla) dén 10 T (mili tesla), va tir trudng
thu nhan dugc nhé hon tr treong trai dat tir 10 dén
hang trim ngan lan. Phat hién nay mé ra mot linh vuc
moi - cam bién tir siéu nhay [4] (nam 2009), c6 thé dp
dung trong do dac tin hiéu y sinh. Tiép can xu huéng
nay, tr nam 2011 chiing t6i da tap trung nghién ctru tim
ra mot ki thuat do pht hop nham khai thac va sir dung
nhimg dédc tinh ndi troi ctia cam bién tir GMR cing
nhitng wu viét cia phuong phap ELISA vao viéc do
ludng y sinh [5, 6]. Bai bao nay trinh bay tong quan vé
thiét bi chan doan ung thu str dung cam bién tir GMR
& quy md phong thi nghiém do nhém nghién ctru thiét
ké ché tao va thu nghiém.

Doi twong, phwong phap nghién céu va thuc
nghiém

Trong nghién clru nay, tac nhan do dac 1a cac hat
nano tr Fe,O, da duoc ché tao véi kich thudc tir 8 dén
12 nm, tuong duong véi kich thude ciia dbi tuong sinh
hoc cén do dac 1a cac khang nguyén dac hiéu PSA cua
bénh ung thu tuyén tién liét va khang nguyén CA15-3
ctia bénh ung thu vii. Quy trinh gan két ELISA 4p dung
trong nghién ctru nay 13 quy trinh tao lién két c6 dang
“banh kep” (hinh 1) [7], gdm 2 budc: chudn bi kit dic
hiéu (A) va gan két v6i mau bénh (B). Trong d6, &
bude (A), hat nano tir duge boc mot 16p chat hoat hoa
bé mit thich hop (CHHBM) dé gin két véi mot khang
thé co lién két dic hiéu véi khang nguyén can xac dinh
c¢6 trong mau bénh. Kit dic hiéu nay dugc chuan bi
san v6i sb luong 16n. O bude (B), khang thé bac mot
duoc gén du 1én dé sinh hoc, sau d6 mot lugng mau
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bénh pham c6 chira khang nguyén bénh (hinh tram)
dugc dua vao va tao lién két dac hiéu voi khang thé
trén dé, cac thanh phﬁn khac cua mau bénh phérn duoc
loai khoi dung dich. Tir day, kit dac hiéu da chudn bi
san trong budc (A) dugce dua vao dung dich va nhanh
chong lién két ddc hiéu véi khang nguyén gan khang
thé bac mot trén dé trong dung dich, do d6 hinh thanh
ciu trac “banh kep” - khang nguyén nim ¢ giira 2
khang thé. Luong kit dac hi¢u du dugc loai khoi dung
dich, sb hat tir tinh con lai chinh 1a s6 céc hat tir ¢6 lién
két dac hiéu voi khang nguyén. Luong hat nay ty 1é
thuan vai tir treong cam rng ma ching tao ra khi dugc
dat trong mdt tur truong tir hoa. Do do, viéc xac dinh
s6 luong hat nano tir c6 gin khang nguyén duogc thuc
hién thong qua phép do tir truong cam ung cua cac hat
nano tr nho cam bién tir GMR. Thiét bi nghién ctru
theo phuwong phap méi niy can dap tmg d nhay t6i
thiéu twong dwong vdi thiét bi chan doan theo phuong
phap ELISA truyén thong.
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Hinh 1: quy trinh gdin két dic hiéu dang “béanh kep”':
[khdng thé va hat nano tir] - [khang nguyén] -
[khéng thé trén dé] dé tao mau do tir - sinh hoc N

(4) la buéc chudn bi kit dc hiéu, (B) la buée gdn két truc tiép voi mau bénh

Hé do dugc xdy dung theo so dd nguyén 1y trén
hinh 2a. Cam bién (1) dugc dat cd dinh trong tir truong
ngoai (6) tao bdi cdp nam cham (2). Mot tir truong
hi¢u dich H, (4) kich hoat cdm bién hoat dong trong
ving tuyén tinh cia dudng dic tuyén cam bién (hinh
2b). Mau do (8) c6 chtra cac hat nano tu dugc dich
chuyen qua bé mat cam bién theo phuong (5) & tan
s6 3 Hz. Do co cau dich chuyén nay, cac hat nano tir
dugc tur hoa trong tur truong (6) va phat sinh tur truong
cam g nam trong dai 1 nT dén 10 pT. Dé cam bién
thu nhan dugc tr truong si€u nhd nay, mot ki thuat
loai nhiéu chon loc dic biét da dugce nghién ctru phat
trién. Voi tan s quét mau thiét 1ap & 3 Hz, k§ thuat
loai nhiéu nay da duoc nghién ciru tap trung cho ving
tan sd tir 3-50 Hz, trong d6 nhidu tan sb thip (< 3 Hz),
nhiéu tan sd cao (>50 Hz) va nhiéu co hoc dugc loai bo
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triét dé. K¥ thuat nay duoc hinh thanh dya trén sy két
hop giita thé manh cua nhitng module (toolkit) sin co
trong phan mém LabVIEW véi téc d6 1ay mau 16n cua
bd chuyén d6i ADC (analog-digital converter).
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Hinh 2: (a) so dé nguyén Iy do dac sir dung cam bién GMR, (b) nguyén tdc
luy tin hiéu dya trén dwong dac tuyen cam bién
(1) - Cam bién, (2) - Cap nam chdm, (3) - Gid cam bién, (4) - Tir trwo‘ng
hiéu dich, (5) - Phwong quét mau, (6) - Tir trieong tir héa, (7) - Khay mau,
(8) - Mdu do tir - sinh hoc

Két qua va ban luan

Hinh anh thiét bi duéi dang mau thtr nghiém va cac
thong s chinh dugc trinh bay trén hinh 3. Thiét bj lam
viéc dua vao mot phﬁn mém diéu khién hé théng va xu
1y tin hiéu x4y dung trén nén LabVIEW.

Théng sé thiét bi:

- Dai do thir nghiém: 5 ng/ml - 10 mg/ml

- Nhiét dé hoat dong: 15-40°C

- Thoi gian do: 1-3 phit

- Luong mau: 2-10 ul

- Cong sudt tiéu thu: 150 W

- Nguon nuoi: 220V, 50 Hz

- Phan mém: CanDec-15

- Thiét bi c6 thé két néi mang hodc lam viée dge ldp

Hinh 3: hinh anh mdu thir nghiém (prototype) ciia thiét bi chdn dodn ung thur
sir dung hat nano tir lam téc nhan do dac va cdc thong sé chinh ciia thiét bi
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Pé danh gid kha nang hoat dong cua thiét bi vé do
nhay va dai do, chung t6i so sanh cac dwong chuan hoa
cta thiét bj v6i thiét bi hién c6 1a ELISA. Trong ca hai
phép phén tich sir dung thiét bi ELISA va thiét bi nghién
ctru, chung t6i sir dung cting mot loai co chit va khang
thé lién két dic hiéu. Két qua thu duogc cho théy, kha nang
thu nhén protein cua thiét bj c6 thé dat t6i mérc 102 mol,
tire 1 & mirc picro-mol. Hon nita, mot phép kiém tra dir
liéu thyc nghiém ciing cho thay, thiét bi c6 duong chudn
dang tuyén tinh (tinh theo dai log-log) trong mot dai 1on
t61 6 bac vé d¢ 16n.

C6 thé ké toi cac phuong phap do dac ham lugng cac
hoat chat sinh hoc khéc di va dang dwoc nghién ctru phat
trién trong nhitng nam gan day, nhu: ddy nano [8, 9], dng
cacbon nano [10], can nang micro [11], hay cam bién dién
hoéa [12]. Nhitng phuong phéap nay dua vao cac tuong tac
dién tir gilta cac phan tir sinh hoc véi cam bién dé xac
dinh nong do cac phan tir sinh hoc. Do d6, khi tién hanh
danh gia cac mau dung dich c6 do pH thay dbi, nhiét do
thay doi hodc co cac phan tng gidu ion phat sinh s& cho
két qua it tin cdy. Cac phuong phap nhu ELISA [1], mang
protein [13] hay chdm lugng tir [14] lai ¢6 co ché thu
nhan tin hi¢u phy thudc vao cuong do phat xa mau khi
dua vao miu do mot co chat phat quang phu hop. Nhur
vay, khi do dac v6i cac mau sinh hoc c6 kha nang tu phat
quang hodc mau bi vén duc, két qua thu duoc sé bi anh
hudng, dan t6i sai s6 dang ké. Phuong phap do ham lugng
hoat chét thong qua tir truong cam g clia cac hat nano
tir trong nghién ctru nay khong bi anh hudng béi cc yéu
t6 néu trén. Viéc khao sat anh huong ciia do pH (hay nong
do ion), d6 mau dac trung cua dung mdi dugc chi ra trén
hinh 4 v6i viée do lap lai cung mot luong hat nano tir
Fe,0, trong cdc dung moi la nuée cat (H,0), dung m6i c6
do pH bang 4, 7,9, 10 va dung moi c6 mau vang, tim, do
khac nhau. Véi do 1éch vé gia tri do so vdi duong trung
binh (duong nét dit) nho hon 5%, ¢6 thé khang dinh cac
tham s6 thay d6i v& 6 pH va mau sic dung moi khong
lam anh hudng téi tin hiéu do tur.
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Hinh 4: két qua khdo st anh hieong ciia pH va mau sdc ciia dung moi
lén tin hiéu do (tai moi diém thuc nghiém, cham tron la gid tri trung binh
trong ddi 50 li¢u gioi han boi 2 thanh ngang)



Khoa hoc Ky thuat va Céng nghé

Thiét bi nghién ctru ciing dugce danh gia kha ning
lap lai va mirc do tin cay dua trén sy lap lai phép do
trén cdc mau chudn khac nhau, dong thoi so sanh voi
thiét bi ELISA trén cing mau do va thoi diém tién
hanh. Hinh 5 trinh bay muc d6 1ap lai ctia cac phép do
sau 25 lan do tién hanh trén 5 mau chuan khac nhau.
Sai s6 chuan (SE) so v6i gia tri ham luong trung binh
ctia moi mau cod gia tri trong dai tur 0,001-0,011 cho ca
5 mau ¢ 5 nong do khac nhau. Nhirng gia tri ndy cho
thdy do tin cdy vé mit thu nhan tin hi¢u va dam bao
t6t d6 phan giai cia cac phép do & cac ving ndng do
khéc nhau.
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Hinh 5: dit liéu kiém tra tinh 1ap lai ciia thiét bi do doi véi 5 méu
o cac nong do khac nhau
Qua qua trinh nghién ctru thiet ké va ché tao thiet bi
con cho thay mot s6 thong so va dac diém noi trdi hon
so vai thiét bi ELISA truyén thong nhu:

® Mach dién tir va hé co khi cua thiét bi khong
phuc tap, gitip giam chi phi ché tao hé do.

® Thiét bi d& van hanh, phép do dugc thao tac dé
dang, cho két qua nhanh véi d0 tin cdy cao va chi phi
thap.

Két luan

Thiét bi sir dung cam bién GMR hoat dong dya trén
nguyén tic do ndng d6 hat nano tir c6 gan két dic hiéu
véi khang nguyén bénh ung thu da dugc nghién clru
ché tao boi nhom nghién ciru trong nude. Thiét bi st
dung tir truong cam ung cua hat nano tur lam dai lugng
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vat Iy can do. Két qua dinh lwong mau sinh hoc khong
bi anh hudng boi cac yéu t6 phét sinh tir mau do nhu:
do pH, moi truong giau ion, kha nang tu phat quang
hay bi van duc. Két qua nay xuat phat tir sy lam chu k§
thuat do dac, cong nghé ché tao hat nano tir tinh, cong
nghé ché tao thiét bi, quy trinh g:fm két dic hiéu, cong
nghé ché tao kit sinh hoc va kha niang khai thac nhiing
vu diém dé st dung tir phan mém sdn cé. Co thé két
ludn rang, nghién ctru nay di cung cip mot cach tiép
can mdi va chi dong trong linh vuc do dac phan tich y
sinh no6i chung va trong chan doan y té néi riéng.
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