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SUMMARY

Molecular imaging provides visualization of normal as well as abnormal cellular processes at a molecular or
genetic level rather than at the anatomical level. In a narrow sense, molecular imaging means genetic imaging using
imaging reporter genes. Conventional PET imaging reporter genes, such as HSV1-tk, and D2R are quite successful.
Some investigators have tried to use scintigraphy for molecular imaging. Endogenous gene expressions such as
p53 and HIF1-alpha have been visualized using this technique. The molecular imaging using the NIS gene can
be applied to the monitoring in vivo distributions of target cells, such as cancer cells, immune cells and stem cells.
These peptides can localize cancers in vivo (Peptide Receptor Radiation Scintigraphy: PRRS) and treat cancers
(Peptide Receptor Radiation Therapy: (PRRT).The development of PET/CT has led to genomic and preteomic
imaging techniques to have a leading role in in vivo studies for evaluation and management of cardiovascular
disease conditions. Molecular imaging plays also an increasingly significant role in neurological conditions such
as: tumors, dementias (Alzheimer’s and others), movement disorders, seizure disorders, and psychiatric disorders.
PET/CT has also many advantages in the process of creating new medicines through the process of evaluating the

pharmacokinetics (pharmacokinetics and pharmacodynamics).

Trong |&i m& dau cubn sach Atlas PET/CT trong
ung thw, GS J.Czernin (1) da viét nhw sau: “Nhirng
thanh quéd khoa hoc v&i PET da bat dau lam thay
ddi con dwdrng va cach thirc ma loai ngudi tién hanh
nghién ctu khoa hoc, tao dwng nhirng kién thirc va ki
thuat m&i goi la y hoc phan tlr (molecular medicine) tirc
la tao ra nhirng nguyén tac, quy trinh méi trong chan
doan va diéu tri & cAp do phan t&r. Ghi hinh phan tir cac
méi lién két in vivo (in vivo link) dang duoc nd luc thuc
hién d& kham pha ra con dudng dan téi nhitng hiéu
biét m&i vé bénh tat va cham séc bénh nhan & mirc do
phan t&. Ngwdi ta cho rang, sw xuat hién ki thuat PET
la mot sw kién day kich tinh dbi véi khoa hoc vé sy séng
(sinh hoc) bi vi nhé PET ma tién sau t¢i mirc do sinh
hoc phan t&, di truyén phan tt, dwoc hoc phan ti...
nén dwa dwoc khoa hoc vé sw séng dén véi cong nghé
nano v&i genomics va proteomics, tao cho né mét co
hoi Ién lao dé phat trién trong twong lai va biét dau cé
thé day la co hoi mé dau cho mét cudc cach mang khoa
hoc ki thuat (revolutionary technology developments)
trong twong lai”.

*Hoi Dién quang va Y hoc hat nhan Viét Nam

Dé gilp cac dong nghiép quan tam dén vai tro cla
Y hoc hat nhan (YHHN) déi véi y hoc phan t&r va cam
nhan dung y kién trén, ching tdi xin gi&i thieu mot sbé
kha nang ctia YHHN, dac biét la ki thuat PET/CT nham
trong sw nghiép nghién clru y hoc va cham so6c slrc
khée nhan dan.

1. Ghi hinh y hoc véi Y hoc phan tr

Ngoai céac ki thuat khac cua sinh hoc phan tt, ghi
hinh phan t& cling déng gép ngay cang quan trong cho
y hoc phan t&r (4). YHHN ghi hinh chirc ndng van cé
nhirng wu diém truyén théng la ghi hinh khéng can thiép
vi st dung cac hop chat danh dau phong xa & mic
vi lwong. Didu dé tao ra kha nang téi da vé cac thuc
nghiém in vivo thay cho céac thirc nghiém in vitro thwong
tién hanh trwdc day. Trong mét nghia hep nao dé thi
ghi hinh phan t& c6 nghia la ghi hinh bang cac gen va
protein thong tin. Nhirng tin hiéu dac biét tich tu trén
hinh anh cho thay ré khéng gian, thoi gian va sé lwong
clia cac biéu hién dich chuyén gen. Ghi hinh phan t&
cling cung cap nhirng hinh anh cla té bao binh thuwdng
hay bat thweng & mirc do phan t&r hay gen. Ghi hinh
phan tlr dau tién da dwoc thyc hién trwdc day bang ki
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thuat huynh quang, tia X, cong hwéng tir (MRI) hoac
siéu am. Chung ta déu biét rdng cac ki thuat ghi hinh y
hoc cb dién d6 déu dwa vao cac thay ddi vé mat do va
cAu truc cla vat chat séng do hau qua clia bénh tat. Ghi
hinh bang tia X phat hién cac thay ddi cu tric nhe dinh
luat hap thu nang lweong chum photon, hinh anh siéu am
c6 duwoc do hién twong phan xa séng @m manh xay ra
& mat ngan cach 2 méi trwdong vat chét sinh hoc cé mat
dd khac nhau, con hinh anh cong hwdng tir hinh thanh
chiu anh huéng ctia cuwdng dd tir trwéng clia sé lwong
cac hat nhan nguyén t& Hydro cAu tric khac nhau co6
trong d6i twong ghi hinh. Tt c& cac ki thuat do déu chi
cho thay hinh &nh clia cAu triic, mat do vat chat va tir do
suy doan cac thay déi bénh ly mot cach gian tiép. Tuy
nhién, do wu diém tuyét ddi vé chirc ndng cuda ghi hinh
y hoc hat nhan nén nhirng hinh &nh nay cho thay ré cac
chi tiét vé ca qua trinh dong hoc va chuyén hoéa cla sinh
hoc té bao, chuyén héa, protein va gen.

Ghi hinh phan t& khac v&i cac ghi hinh truyén
thébng & chd phai dung cac chéat sinh hoc danh déau
(Biomarker) dé& nhin thdy cac dich hodc dwdng dan

DNA

4 Hoat hoa D=fGien digu tri
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Sao chép va xir ly
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\

Proteins
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Protein diéu tri Protein van chuyén

Hinh 1. Cdc bwdc phat hién sw béc 16 gen théng
tin bang ghi hinh phén t

Nguoi ta da phan cap ghi hinh phan t&r theo cac
cap do nhuw sau: ghi hinh cac bidu 16 gen ngoai sinh,
ndi sinh, di¥ liéu phan t& trong té bao nhw dan truyén tin
hiéu, hoat dong clia cac receptor, cac Protein nhuw MoAb,
Octreotide, Bombesine, qua trinh twong tac protein -
protein rdi dén ghi hinh chuyén héa va cudi cung la ghi
hinh c&c qua trinh sinh hoc té bao bao gém tang sinh té
bao bang thymidine F-18, uridine I-123, tinh trang thiéu
oxy bang misonidazole 1-123, qua trinh biét hoéa, hoat
déng/hoat hda, chét theo chu trinh bang Annexin V- Te-
99m, sw ting sinh mach bang In-111 danh dau RDG

truyén. Biomarkers hoa trén véi cac phan tir sinh hoc tai
chd va do d6 phan anh ding nhirng thay dbi tai dé. N6
cho phép danh gia trang thai & mdc phan t trwéc bénh
ly (predisease state or molecular states) nghia la trwéc
khi co cac triéu chirng 1am sang. Ghi hinh phan t& ciing
cung cép nhirng hinh anh clia t& bao binh thuwéng hay
bat thweng & mire 6 phan tl hay gen. Ghi hinh phan to
bao gdm cac hinh anh chuyén héa cla protein va gen.
Hién nay, ngwdi ta cling con dang tim dén cac dich trong
té bao 1a cac axit nhan. Nguoi ta da sap xép gia tri cla
ghi hinh phan tt trong y hoc nhdm phat hién thay ddi
bénh ly tir cAp d6 gen, protein, cac thay ddi héa sinh va
vé sinh Iy (9). Hinh &nh chup nhap nhay (scintigraphy)
con goi la xa hinh noi chung hién nay la ki thuat y hoc
ddc nhat cho thay truc tiép sy thay ddi chirc ndng cla
té bao, mo, tang b&i vi d6 1a hinh anh vé sy hap thu cac
hop chéat danh dau phong xa, sw hap thu dé phu thudc
vao chirc ndng clia cac dbi twong ghi hinh. Gan day,
nho cac tién bd vé cac hop chat danh dau phong xa maoi
va do phan giai cao clia cac may PET/CT da xuét hién ki
thuat mai vé ghi hinh phan t& (Molecular Imaging).

Hinh 2. Ghi hinh bang PET/CT gen théng tin
HSV1-tk

peptide, lwu théng té bao ung thw, mién dich, cac té bao
tw than. Nhirng tién bd vwot bac vé cong nghé gen da
gilp cac bac si phat hién ra cac chuy&n bién nhé nhét
clia mo, t& bao, cd thé méi la dau hiéu khéi dau cdia mot
can bénh nao dé. Cac nha san xuét hiva hen rang day sé
la diém khi dau cuwc ki chinh xac dé cac bac si nhanh
chéng dwa ra phac db diéu tri kip thoi. Gido sw Samuel
Wickline, mot chuyén gia dau nganh vé sinh - dwoc - hoa
hoc thuéc Pai hoc Dwgc Washington, Missouri, My noi:
“Day qua thwc la mot diéu khac biét hoan toan so vdi
cach ma chung ta van thyc hién trudc day véi cac bénh
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nhan. Ki thuat chup anh hay ghi hinh phan t& sé gilp
phat hién dwoc cac dién bién rat sém clia cdn bénh.
Diéu d6 co y nghia dic biét quan trong”.

KT thuat nay hira hen sé gitp tim thy d4u hiéu clia
can bénh nan y nhw Alzheimer va ung thw hang nam
troi trwéc khi nhivng triéu chirng dau tién xuét hién.
Bac si Eric Russell, Trwdng khoa YHHN - Bénh vién
Memorial, Chicago, My, noi: “Ki thuat méi nay co vé sé
gilip chung ta thdy dwoc nguy co cla bénh tat trwéc
khi ching tr& nén hién nhién trén co thé bénh nhan.
Ki thuat chup anh phan t& dwa trén viéc lién két cac
gen va protein, diéu ma cac ki thuat X-quang hoac soi,
chup théng thwerng khong thé 1am dwoc. Ki thuat nay
st dung chat danh d4u phéng xa dé cé dwoc nhirng
hinh &nh cu thé vé phan t&, gibng nhw ching ta dwa
dwoc mot chiée kinh hién vi vao bén trong co thé vay”.
Con GS Wickline nhan manh: “Day cé thé 1a mét buédc
ngo&t méi trong cong tac diéu tri va chan doan bénh”.

2. Nhirng thanh twu gan day cta ghi hinh phan to,
gen bang YHHN

Vi du minh hoa rd rét nhat vé ghi hinh chirc néng
chuyén hoa cutia PET la:

8FDG danh d4u Protein van chuyén Glucose va men

Hinh 3. Hinh anh tim suc véat thwee nghiém sau khi
tiém gen NIS danh dau phéng xa vao co’ tim

NIS c6 nhiéu wu diém dé ghi hinh gen théng tin vi
né 1a mot chat dé diéu ché, dé danh diu véi hat nhan
phéng xa va ciing vi ta da hiéu biét rat rd vé chuyén
héa va do thanh loc cac chat nay trong co thé. NIS cé
thé khong twong tac va&i cac qua trinh héa sinh té bao
co s&. Trong thuc t& hién nay, ghi hinh gen théng tin c6
thé dwoc thwe hién kha dé dang véi NIS, bdi vi hdu hét
cac khoa Y hoc hat nhan déu dwoc trang bi v&i cac may

Hexokinase clia qua trinh Phosphoryl hda trong chuyén
héa Glucose. Vi vay, '®FDG dwoc dung dé danh gia cac
chi sb chuyén héa str dung Glucose trong toan co thé.

BETL (Fluoro deoxythymidine) danh dau chét van
chuyén Thymidine va men Thymidine Kinase trong qua
trinh Phosphoryl héa Thymidine (6). FTL dwoc dung dé
khao sat qua trinh tai tao (replication) ADN tlrc la qua
trinh sinh san té bao (proliferation). Ca hai qué trinh
chuyén héa Glucose va tai tao ADN, ting sinh té bao
déu tang cao trong bénh ung thu.

Dau tién, ghi hinh gen théng tin da dwoc thuc hién
bang may ghi hinh cét I&p birc xa positron (PET). PET
da hoan toan thanh céng trong ghi hinh gen théng tin vé&i
cac chat nhw HSV1 - tk va D2R. Tuy nhién, kho khan |a
viéc tdng hop cac chat nay con phirc tap véi cac ddng vi
phoéng xa phat positron va trang thiét bi PET rat dét tién.
Khac phuc diéu nay, cé6 mot sé nha nghién ciru da cbd
géng str dung cac thuéc phéng xa phat cac tia gamma dé
ghi hinh phan t&r v&i SPECT. Gen receptor somatostatin
va octreotide danh déu In-111 d& dwoc st dung trong
phuwong phap ghi hinh nay. Cac nha nghién ctru da lya
chon duing gen natri/iodide symporter (NIS) gén déng vi
phéng xa lod hodc Tc-99m dé ghi hinh gen théng tin.

sau tiém
LIPO-HSV-1-tk

tredrc tiem
LIPO-HSV-1-tk

Hinh 4. Ghi hinh PET vé biéu hién trong gen
HSV1-tk tri liéu & bénh nhan bi Glioma

Gamma Camera SPECT, PET va thubc phéng xa. Trong
tim mach hoc, mét sé nha nghién ctu ciing da ghi hinh
sw bidu 16 gen ndi sinh sau khi tiém chat hoat héa - NIS
danh dau vao co tim bdi vi chat hoat héa nhay cam véi
céac yéu td sao chép déc hiéu san pham gen néi sinh. Ghi
hinh gen théng tin cho phép nhin thdy dwoc sy biéu hién
clia cac gen ndi sinh, ngoai sinh va céac hién twong sinh
hoc bén trong t& bao. M6t s6 nha nghién ciru da phac
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hoa céu tric cta gen thdng tin dic biét dwdi sw kiém
soat nguoc chiéu clia cac nguyén té hoat hoa (promoter
elements). Cac nguyén tb hoat héa dé cé thé nhay cam
v&i hoat ddng clia cac yéu t6 sao chép ndi sinh vi ching
phédi hop véi cac gen noi sinh dac biét. Chién lwoc nay
dwoc goi 1a “hé théng gen cis-reporter”. Mét khi chat hoat
héa dwoc kich hoat do tiét ra gen néi sinh, san pham cla
gen nay lai kich hoat chét hoat héa do, két qua la gen
théng tin dwoc kich hoat va hién thi dwgc nho ghi hinh'y
hoc hat nhan béng SPECT, nhét 1a PET/CT.

Céc biéu hién cta gen thong tin ndi sinh nhw p53
trong gan va HIF1-alpha da tao dwgc hinh anh béng ki
thuat ghi hinh phan t& voi NIS (7). Voi phwong phap
ghi hinh gen théng tin, mét s s kién sinh hoc trong té
bao c6 thé dwoc nhin thay cac day tin hiéu truyén tinh
trang ctia TGF - beta. Nhiéu co' s& y hoc hat nhan da
ghi hinh hoat tinh cla receptor estrogen va axit retinoic
béng str dung hé ghi hinh théng tin CIS-NIS.

Ghi hinh phan t& bang gen NIS cé thé duwoc ap
dung dé ghi hinh sw phan bd cla cac té bao dich nhw t&
bao ung thw, t& bao mién dich va cac té bao gbc. PET da
ghi hinh sy biéu 16 HSV1-tk trong cac bénh nhan Glioma,
trong liéu phap gen véi HSV1-tk dé& nghién ctu s hap
thu in vitro va phan bé in vivo. Chét '8F-FHBG théng qua
ghi hinh phan t& PET-CT bang reporter gene HSV1-tk
la T47D va T47D-tk trong ung thw vu adenocarcinoma
cho thay d6 hap thu in vitro ctia ®FHBG trong té bao co
T47D-tk cao hon rd rét so véi T47D béc 16 trong té bao.
Vi vay, ghi hinh v&i ®FHBG cé thé giup dinh vi béc 16
ctia gen HSV1-tk. K1 thuat nay gitp hién thi gen thong tin
BFHBG va trong diéu tri khéi u bang gen HSV1-tk (8).

KT thuat ghi hinh phan t& bang PET/CT ciing rat ¢
gia tri trong nghién ctu ghép t& bao mam than kinh dé
xem xét kha nang diéu tri réi loan than kinh bdi vi sau
khi tiém mot cach cé hé théng cac té bao tw than, ching
di chuyén qua hé théng than kinh trung wong va tu lai
trong céc vj tri thiéu mau cuc bd trong néo (5).

Nhirtng n&m gan day, mét sb nha héa duoc phéng
xa da tim cac dich phan tlr trong co thé dé dwa cac thubc
phéng xa vao chan doan va diéu trj ung thw. Cac dich
phan t&r Ay chinh la cac receptor vdn cé trén bé mat
céac té bao clia cac co' quan trong co thé. Cho dén nay,
mot sb nghién clru da c6 nhivng két qua day hira hen
(2, 3). PAu tién 1a nhém thudc phong xa dwa vao cac
dich phan t&r receptor peptid. Peptid khéng chi ton tai &

dang tw nhién ma con duwoc t6ng hop nhan tao theo y
muén. Hién nay, da tdng hop dwoc rat nhiéu peptid mai
va danh déu bang cac hat nhan phéng xa. Nguoi ta tap
trung chu y t6i cac peptid c6 tinh diéu tiét nhw cac peptid
than kinh (neuropeptids) c6 trong nao, hormon peptid
hé tiéu hoa, cling nhw cac peptid co trong hé mach
va peptid clia hé noi tiét. Cac peptid somatostatin, cac
peptid & rudt hoat hdéa mach VIP (Vasoactive Intestinal
Peptid), cholecystokinin (CCK), gastin-releasing peptide
(GRP) va neurotensin da duwgc dac biét chu y téi. Cac
peptid nay co thé déng vai trd d&c biét khéng chi trong
cac diéu kién binh thwéng ma con trong cac qua trinh
bénh ly. Nhitng ng dung ldm sang thanh cbéng cua
ki thuat ghi hinh cac phan t& peptid danh dau phéng
xa nay la cac muc tiéu Ién trong chan doan va diéu tri
bang YHHN. Nhiéu céng trinh nghién ctru da céng bb,
két qua cho thdy cac receptor peptid 1a cac dich phan
tlr & cac té bao khdi u. Cac peptid twong (ng dwoc
danh dau hat nhan phoéng xa thich hop la cac phan to
tim dich. YHHN chan doan da st dung co' ché phan t
dich dé ghi hinh cac khéi u goi la phwong phap ghi hinh
nhap nhay phéng xa receptor peptid (Peptide Receptor
Radiation Scintigraphy: PRRS). YHHN diéu tri cac khi
u ung thw bang cac co ché dich phan tr duwoc goi la
phwong phap diéu tri phdng xa receptor peptid (Peptide
Receptor Radiation Therapy: PRRT). Nhom peptid danh
déu hat nhan phéng xa tim dén céac dich receptor trong
mot sb khdi u da va dang nghién ctvu (rng dung chan
doan va diéu tri ung thw nhw somatostatin, CKK 2, VIP,
peptid glucagon-like-1, corticotropin, neuro-peptid Y,
neurotensin, peptid gidi phéng gastrin. D6 1a cac thudc
phéng xa ddy hira hen tim dén cac dich phan tr trén bé
maét t& bao khéi u ung thuw.

Hinh anh vanh

actinh, Uthéng tin

Hinh 5. Ghi hinh vé tin hiéu chuyén déi dwong
truyén TGFb & stc vat thuc nghiém bang PET
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N&i dung cén ban ctia nghién ctru v& sw phat trién
duwoc pham bao gébm héa tbng hop, y héa, dwoc dong
hoc, sinh hoc phan tt, sinh ly, héa sinh,... Hién tai, qua
trinh phat trién duwoc pham lién quan dén hang ngan hop
chét cé dic tinh thich hgp. Qué trinh nay bao gém viéc
tam soét trong phong thi nghiém (in vitro), thir nghiém
trén stc vat (in vivo), cudi cung la danh gia hiéu qua
trén con ngudi, cu thé la xac dinh dwoc dong hoc, do an
toan va hiéu nghiém, xac dinh liéu lwong, danh gia hiéu
qua lam sang va cac tac dung phu. Fluorine khong chi la
thanh phan binh thwéong clia cac phan ti sinh hoc ma né
con phan ng nhu bio-isotere véi Hydro (H) hay nhém
Hydroxyl (OH) hién dién trong mét sb thuéc. Do vay, F-18
duwoc st dung dé danh dau véi mot sé duwoc phdm trong
giai doan nghién ctru trén suc vat va con ngudi theo quy
trinh cta luat 1& vé kiém nhan danh cho mét dworc phdm
m&i. 'ng dung PET trong Iinh virc nghién ctru phat minh
dwoc phdm nham danh gia sy phan phéi thubc trong co
thé va do lwdng nhivng thay ddi ctia thude trong lwu lvong
mau ciing nhw mirc do dinh két vai thu thé. Sy danh dau
céac ddng vi phong xa PET vao phan t& clia dwgc pham
dwoc khao sat cho phép PET theo ddi cac tac dong cla
thudc sau khi vao co thé va hoat déng nhw thé nao. Gan
day viéc c6 cac may chup PET vé&i do phan giai cao cé
kha nang chup hinh nhirng thu vat nhé (Animal PET) da
gitp cho thir nghiém 1am sang cac dwoc pham nghién
ctru trén slc vat tréd nén chinh xac va nhanh chéng hon .
Tém lai, ki thuat PET déa cai thién va rat ngén thoi gian
th&r nghiém 1am sang trén suc vat va con ngudi. Nho
vay, ma cong tac nghién ciru phat minh duwoc phdm mai
tré nén nhanh chéng va it tén kém hon.
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