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SUMMARY

APPLICATION OF CHYLOMICRON REMNANTS AS CARRIER
FOR DRUG DELIVERY TO LIVER

Chylomicrons (CM) are the largest lipid particles in the blood which consist largely of triglycerides.
Chylomicron remnants (CMr) are formed when peripheral tissue lipids are removed from chylomicrons
and bind to receptors on the surface of hepatocyte. Due to its properties, chylomicron remnants can
serve as a great vehicle for drug delivery. This paper focuses on studying a three-component CMr -
Toc - siRNA system, thereby improving the effectiveness of fatty liver disease treatments and reducing
the effects unwanted side. The CMr — Toc — siRNA complexes were synthesized by lipophilic binding of
the tocopherol residue of Toc-siRNA and CMr. The system was, then, tested for cytotoxicity by
incubation with the Live/Dead assay kit and testing in mice to determine total RNA. According to
research, chylomicron remnants have an average diameter of 140-143 nm determined by dynamic light
scattering (DLS) measurement and contain apoB48 and apoE. With a cell viability of approximately
92.2%, the chylomicron remnant system carrying siRNA is highly biologically safe. Results from qRT-
PCR showed that CMr-Toc-siRNA was effective at delivering siRNA to liver cells via chylomicron-
mediated siRNA delivery, since endogenous apoB mRNA levels decreased by more than 30%.
Keywords: Apolipoprotein B, chylomicron remnants, drug delivery system, lymph

1. GIOI THIEU nu6e phuong Tay 1a 20-30%, con trén toan ciu
Gan nhiém m& 1a can bénh c6 lugng mé& tich tu 14 2-4 % [5]. Mic du ty 1é mic gan nhidm m& &
hon 5% tong trong lugng té bao gan khién gan cac nude chau A thip hon so véi cac nudc
phinh ra, viéc tich tu triacylglycerol c6 thé gitip phuong Tay, nhung n6 dang gia tdng nhanh
bao vé gan nhung sy ¢c6 mat cua cac lipid trong chong trong nhimg ndm gan day do sy gia ting
gan mot thoi gian dai c6 thé khién gan ton clia bénh béo phi va tiéu duong. Do d6, can co
thuong, viém va phat trién thanh gan nhidm céc chién lugc phong chong va kiém soat tot
m& [1,2,3]. Bénh nhan méic bénh gan nhiém va cac phuong phap nghién ciru dé chira khoi
m& c6 thé phat trién thanh xo gan, thdm chi can bénh nay [6].

ung thu gan gy nguy hiém dén tinh mang [4]. Lipoprotein 1a mot loai hop chit dugc tao
Théng ké co s& dir liéu Cochrane va Scopus thanh tir lipid va protein [7] ¢ vai tro diéu hoa
cho thay ty 1&é mic bénh gan nhiém md & cac triglycerid va cholesterol trong méau. Dya vao
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ty trong, lipoprotein dugc chia thanh 5 loai bao
gdém chylomicron (CM), VLDL (lipoprotein ty
trong rat thip), LDL (lypoprotein ty trong
thip), IDL (lipoprotein ty trong trung binh),
HDL (lipoprotein ty trong cao) [7]. Trong do,
chylomicrons 1a lipoprotein c6 ty 1€ lipid cao
nhét va it ddc nhat (<0,95) chira 1-2% protein,
85-88% triglycerid, 8% phospholipid, 3%
cholesteryl este va 1% cholesterol. Trong qua
trinh  di
chylomicrons loai b cac chat béo tir cac mod

chuyén trong hé tudn hoan,
ngoai vi, tao thanh cac chylomicrons tan du [§8]
lién két v6i cac thu thé trén bé mit té bao gan
[9]. Chylomicron tan du c6 tiém ning l6n
trong viéc dua cac phan tir thudc dén gan mot
cach c6 chon lgc. Nghién ciru cua Annie va
cong su d& cap t6i sir dung chylomicron dé vén
chuyén Primaquine (PQ) dén gan nham chita
tri ung thu gan giai doan cudi [10]. Két qua
cho thiy PQ két hop chylomicron 6n dinh hon
PQ ty do khi dugc @ trong huyét thanh. Cudi
khi
chudt, chylomicron két hop véi PQ din dén

cung, titm vao tinh mach cua
tang dang ké sy tich tu PQ trong gan so véi
viée tiém PQ tu do.

Liéu phap can thiép RNA (RNA interference
hay RNAI) 1a qué trinh sinh hoc lam v6 hiéu
hoia mot gen muc tiéu [11], gitp kiém soat

dugc cac gen dang hoat dong. C6 nhiéu loai
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RNA véi tén goi khac nhau nhu miRNA
(microRNA), siRNA (small intefering RNA),
shRNA (short hairpin RNA) va hoat dong da
dang cac chic ning trong té bao. Trong do,
siRNA dugc st dung kha phd bién trong lidu
phap gen mang lai rat nhiéu tiém ning trong
viéc diéu tri ung thu [12], bénh kho mit [13]
va gan day nhét 1a diéu tri SAR COVID-19
[14]. P& nghién ciru tng dung siRNA trong
diéu tri gan nhidm md, Yokota va cong su da
st dung siRNA lién hop vdi tocopherol
nhiam vao apolipoprotein B (apoB) dé lam
gidm hiéu qua mRNA apoB ndi sinh
(mRNA) trong gan [15]. Muc dich cua
nghién ctru ndy nhim cung cip mot phuong
phap hiéu qua, an toan dé su dung
tocopherol va 1la budc quan trong trong viéc
st dung siRNA tong hop nhu mot hé théng
htta hen cho li€u phap gen. Tuy nhién,
phuong phép niy c6 nhitng han ché nhu
tocopherol khong huéng dich, lam suy yéu
mot phan tac dung cua siRNA khi dén gan.
Do do, trong bai bao nay ching toi tap trung
nghién ctru sir dung chylomicron tan du dé
van chuyén siRNA lién hop tocopherol dén
gan. Hé thong van chuyén nay gitp cai thién
cac han ché cua tocopherol, ting hiéu qua
diéu tri va giam thiéu cac tac dung phu
khong mong mudn.
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Hinh 1. Qua trinh hinh thanh chylomicron tan duw tu rudt va dinh huong toi gan
(FFA: cac acid béo ty do, MG: monoglyceride)
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2. NGUYEN VAT LIEU VA PHUONG
PHAP NGHIEN CUU

2.1. Nguyén vit liéu

Toc — siRNA dugc cung cép tr Pai hoc Y va
Nha khoa Tokyo (Tokyo, Nhat Ban) c6 cu
trac nhu hinh 2. Sgi sense va sgi antisense cua
siBACE c6 trinh tu nhu sau: siBACE sense, 5'-
GAAcCuAuGCGAuUGCGAAuGUUUAU*A*
C-3%
guauaaACAUuCGCAuCGCAUAgGUuC * U
* U-3'. a-Tocopherol va fluorophore Cy3 duogc

antisense, 5'-

lién két cong hoa tri véi dau S cia soi sense va
SO1 antisense.

a-Tocopherol

HiC CHa

5'- Poan cudi cta soi
antisense RNA

Hinh 2. Cdu triic héa hoc ciia o.—tocopherol —
SiRNA

CAu trac coa mach apoB-1 Toc — siRNA ¢
trinh ty nhu sau: sense strand (27 RNAs to 21
RNAs), 5-GuCAuCACACUGAAUACCAAU| GCugG’
A-3; soi antisense (Toc-29 RNAs to 21 RNAs), 5-
Toc-uoc’A’ge’ AUUGGUAUUCAGUGUGAUGAC'A’C-
3. Pbi véi mach didu khién Toc-siRNA c6
trinh ty 14 : S¢i sense (27 RNAs to 21 RNAs),
5-GaACcUAUG CgAUGcGAAUGU| UUauA’C-3%;
Soi antisense (Toc-29 RNAs to 21 RNAs), 5°-
Toc-gua’U’aa’ ACAUUcGcAUCGCAUAGgUUC U U-

3. D,L-a-tocopherol dugc cung cép tir cong ty
Tokyo Kasei (Nhat Ban). Chéat danh dau Cy3
duoc cung cép tir cong ty Hokkaido Science
System (Nhat Ban). Chudt tdm tuan tudi dugc
cung cip bai Hoc vién Quan Y (Viét Nam). Té
bao Hepa 1-6 dugc mua tr ATTC (Hoa Ky).
Méi truong nudi cdy té bao DMEM dugc cung
cdp boi Cong ty Sigma-Aldrich (Hoa Ky).
Huyét thanh bao thai bo, Phalloidin Alexa-488

va Random Hexamers dugc mua tir Cong ty
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Invitrogen (Hoa Ky). Isogen dugc cung cap tir
Cong ty Nippon Gene (Nhat Ban). TagMan
Universal PCR Master Mix, doan mdi cho
mRNA apoB cua chuft dugc mua tir Cong ty
Applied Biosystems (Hoa Ky).

2.2. Phuong phap nghién ctru

2.2.1. Phén Idp chylomicron tiv bach huyét

Dé phan 1ap chylomicron, chudt dwoc cung cip
mot luong dau ngé (1 mL, chira a-tocopherol
(4 mg/mL) lam chat chéng oxy hoa) thong qua
ong da day. Sau khoang 1 tiéng, tién hanh gay
mé Ong nguc bang natri pentobarbital (lidu
luong 60 mg/kg thé trong). Nhii chap dugc thu
thap trong khoang 15 dén 18 gio trong dung
dich ampicillin (0,1 mg/mL), xép 16p dudi
NaCl 0,9% (1,006 g/mL) chira trong cac 6ng
polyallomer (6,5 mL) va dugc ly tdm siéu tbe
trong 6 x 105 g/phit véi roto goc ¢b dinh &
12°C. Cac chylomicrons l6n dugc thu thap tu
phin trén cung (1-1,5 mL) cua 6ng
polyallomer. Chudt dugc thit tat ca cac mach
chinh cung cép cho gan va rudt, sau d6 cac
chylomicron (chura 3040 pmol triacylglycerol
va 50 mg glucose bd sung) dugc tiém vao tinh
mach chudt va dé Iuu thong trong 45 phiit. Sau
d6, huyét thanh duoc phan lip tir miu mau
bang cach ly tam (2500 g, 15 phat, 12°C). Tiép
theo, huyét thanh dugc ly tdm siéu toc trong
6x107 g/phut thu dugc chylomicron tan du &
phan trén cung (1-1,5 mL). Chylomicron tan
du duoc xép 16p dudi NaCl 0,9% (1,006 g/mL)
sau d6 1am sach bang cach ly tam siéu toc véi
toc do 3,2x107 g/phut & 12°C. Chylomicron tan
du dwoc lam sach tuong dbi khong chia
lipoprotein c6 mat do trung binh va rat thap,
dugc phan lap tir phan trén cung (1-1,5 mL)
bang may cit dng Beckman.

2.2.2. Khdo sat kich thwéc chylomicron

Kich thu6c trung binh va hé sé da phan tan
(PDI) cua chylomicron tan du duoc xac dinh

theo phuong phép tan xa anh sang dong (DLS),



thuc hién trén may Horiba SZ-100 (Nhat Ban)
0 25°C.

2.2.3. Téng hop chylomicron vin chuyén
SIRNA

Heé chylomicron tan dw mang siRNA duoc diéu
ché bang cach phdi tron giita hai dung dich
chylomicron tan du va dung dich Toc -
siRNA. Tron déu va thu ldy hdn hop hé 3
thanh phan Chylomicron tin du — Toc —
siRNA (CMr — Toc — siRNA).

2.2.4. Nudi cdy té bao

Té bao Hepa 1 - 6 dwgc nudi cdy trong moi
truong DMEM (Dulbecco’s Modified Eagle
Medium) c6 bd sung 10% huyét thanh bao thai
bo va 1% penicillin/streptomycin & 37 °C trong
CO2 5%. Moi truong duge thay moi thuong
xuyén mdi 3 ngay.

2.2.5. Xdc dinh mRNA

Tong s6 RNA dugc chiét xuét tir té bao nudi
céy hodc gan chudt sir dung Isogen. RNA duoc
phién ma ngugc va&i Superscript III va
hexamers ng?lu nhién. qRT-PCR dugc thuc
hién trén 1,5 pg DNA b sung bang cach sir
dung TagMan Universal PCR Master Mix theo
huéng dian cua nha san xuat. Cac diéu kién
khuéch dai 12 40 chu ky bién tinh & 95 °C trong
15 gidy va u ¢ 60 °C trong 60 gidy vdi may do
trinh ty ABI PRISM 7700.

2.2.6. Thir nghi¢m djc t6 té bao

Té bao Hepa dugc gico v6i ndng do 2 x 10 té
bao trén mdi giéng cua dia 96 giéng va duoc
bd sung 100 uL madi trudng nudi cdy. Sau khi
qua dém, CMr — Toc — siRNA va nhom déi
ching c6 ndng do tir 0 dén 20 uM lan luot
dugc thém vao dia nudi cdy va 1 tiép trong 24
gid. Sau d6, moi truong trong mdi giéng di
duogc loai bo va bd sung vao 50 pL dung dich
thudc thir MTT 1,0 mg/mL. Té bao dugc u tiép
trong 2 gid & 37 °C bang bd xét nghiém
Live/Dead (Invitrogen R37601) trudc khi két
quéa dugc chup bang kinh hién vi huynh quang
Olympus IX83 (Nhat Ban) va phén tich bang
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phin mém Image] (Vién Y té Qubc gia,
Maryland, Hoa Ky).

2.2.7. Thir nghiém trén chugt

Dé phan tich kha ning van chuyén siRNA dén
gan cua h¢ CMr — Toc — siRNA, chudt dugc
tiém vao tinh mach dudéi mot lugng 8 mg/kg
Cy3 c6 thé chira o-tocopherol ¢ trong dung
dich 0,25 mL Maltose 10%. Mot gio sau khi
tiém vao tinh mach, chudt bi giét va ldy mau
gan. Tong s6 RNA duogc xac dinh nhu trén.
2.2.8. Thong ké va xir Iy sé liéu

S6 liéu duge thong ké va xir 1y bang phin mém
OriginPro 2022 (OriginLab, MA, USA). Tat ca
s6 lidu dwoc biéu dién dudi dang gia tri trung
binh £ SD va ¢6 d6 lap lai 3 lan.

3. KET QUA VA THAO LUAN

3.1. Mot sé dic diém caa chylomicron tan
dw phan 14p tir bach huyét

Két qua cho thidy ham lugng triacylglycerol
(1,100.23 mm), tong cholesterol (021 £ 0,02 mm)
va ham luong protein (8926 + 1048 pug/mL). Ti 1é
tong triacylglycerol trén tong cholesterol (TG : TC)
thp (5,2 : 1) phan anh luong du thira cholesterol.
Dudi kinh hién vi dién tir quét, cac thanh phan
chylomicron tan du cé hinh dang tron, véi
duong kinh trung binh 140 — 143 nm. Thanh
phan apolipoprotein ctia chylomicron tan du c6
ngudn gdc dau ngd duoc thé hién trong (Hinh
3a). Két qua cho thdy mot kiéu mau dién hinh
cua chylomicron tan du, chira apoB48 va apoE.
Khong phat hién dugc apoB100 hodc apoC
(hodc bat ky apolipoprotein nao khac) trong
ché phim. Két qua nay tuong déng voi céc
[16 -18]. Do
chylomicron tan du duwoc hinh thanh khi

nghién ciu trudc day
chylomicron bi rat dan triglycerid nén thanh
phan bé mit cua chylomicron tan du c6 chira
cholesterol, phospholipid. Cac apo A va apo
CII s& duoc chuyén giao cho HDL- C dong
thoi chylomicron tan du nhéan cholesterol este

tir HDL- C dugc van chuyén vé gan.
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3.2. H¢ chylomicron tan dw mang siRNA

Dé chimg minh sy lién két ciia Toc-siRNA va
chylomicrion tan du, chung t6i di tién hanh thir
nghiém xé& dich gel dé danh gia su tuong tac giita
hai phan tir nay. Thém 100 pmol siRNA khong lién
hop hoic Toc-siRNA vao 10 mL dung dich mudi
dém phosphat (PBS) hodc dung dich chylomicron
tan du va sau d6 U cdc mau & 37 °C trong 30 phut.
Két qua cho thiy hon hop Toc-siRNA dugc 1 voi
phan doan chylomicron tan du ¢6 tinh xé dich thip
hon nhiéu so véi Toc-siRNA duoc 0 véi PBS. Két
qua nay cho thdy su twong tac ciia Toc-siRNA v6i
chylomicron tan du 14 do s lién két ua béo boi gbe
tocopherol ctia Toc-siRNA (Hinh 4). V& mit ciu
trtic tocopherol kha twong ddng véi cholesterol nén
su tuong tac gilta chylomicron tan du va Toc —
siRNA kh4 d& dang [19].

Tan du
PBS chylomicron

30 bp ==

100 bp =
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Hinh 4. Kha nang lién hop giita Toc — siRNA
va chylomicron tan dw
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(b)
Hinh 3. Mé{ $6 dac diém cua chylomicron tan dw phdn lap dwoc tir bach hyyét
(@) Thanh phan chylomicron tan du dwgc phdn ldp khi cho chugt sur dung dau ngo
(b) Anh quét kinh hién vi dién twr chylomicron tan duw

3.3. Py an toan sinh hgc cia hé lién hop
CMr - Toc - siRNA

D¢ an toan sinh hoc cia hé chylomicron tan du
mang siRNA dugc thtr nghiém va danh gia
bing kha ning sdng sot t& bao Hepa. Cac nong
d6 khac nhau cta chylomicron tan du, Toc-
siRNA va h¢ chylomicron tan du mang siRNA,
déu duoc kiém tra véi két qua duogc trinh bay
trong Hinh 5. Vi ndng d6 thip 0,1 pM, tit ca
céc thanh phan déu cho thay kha ning sdng sot
té bao xap xi 92,2%. Kha ning séng sot cia té
bao Hepa co6 su bién dong nhe khi néng do
thubc tang dan 1én 20 uM nhung ty 1& nay déu
16n hon 90%. Két qua nay chimg minh ring hé
chylomicron tan du mang siRNA c¢6 d9 an toan
cao sinh hoc cao. So sanh véi cac hé din
truyén thuéc khac, hé chylomicron tan du
mang siRNA c6 kha ning song sot té bao cao
hon, gitip giam thiéu tac dung phu trong diéu
tri [20]. Ngoai ra kha nang hudng dich tdi gan
ctia hé 1a vu diém dang chu giup nang cao hiéu
qué trong dua thube hodc cac phan tir sinh hoc

to1 vi tri mong muon.
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Hinh 5. Thir nghiém an toan sinh hoc cua hé
chylomicron tan dw mang siRNA trén té bao
Hepa 1-6

3.4. Thir nghiém kha ning giam gan nhiém
mé& cia CMr — Toc — siRNA trén chuft

Dé danh gia kha nang trc ché gen cta phtic hop
CMr — Toc — siRNA, ndong 6 mRNA apoB noi
sinh trong gan dugc khao sat. Phurc hop CMr —
Toc — siRNA duge chuén bi va sau do tiém vao
chudt bang phwong phap tiém nodi tuy. Gan
duogc chiét xuit 24 gio sau khi tiém, ddng nhit
va xét nghiém nong do apoB mRNA bang cach
sir dung phan tmg chudi polymerase phién ma
nguoc (QRT-PCR). Két qua cho thdy, & ndng
d6 8 mg/kg apoB CMr — Toc — siRNA irc ché
dang ké mRNA apoB trong gan, giam hon
40% so v6i dung dich chi ¢6 chylomicron tan
du (Hinh 6). So véi Toc-siRNA, muc do
mRNA apoB gidm hon 30%. Viéc giam
mRNA apoB ¢ gan lam giam ndng do
lipoprotein ty trong rat thap (VLDL) cia gan,
dan dén giam ham lugng triacylglycerol (TG),
giam ndng do cholesterol va ting ham luong
lipoprotein trong gan. Chinh vi vay, viéc muc
d6 mRNA apoB giam nhiéu nhat khi sir dung
phitc hop CMr — Toc — siRNA cho thdy cong
dung cia CMr — Toc — siRNA ddi voi viée
phan phdi siRNA qua trung gian chylomicron
dén gan. So v6i nghién ciru trude do, viée sir
dung phirc hop CMr — Toc — siRNA cho thy
hiéu qua hon Toc — siRNA don 1¢ [21]. Diéu
nay c6 thé do kha ning hudng dich cia CMr
gitip nang cao hidu sudt dua thudc toi vi tri
mong mudn.
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4. KET LUAN
Két qua nghién ctru cho thdy cac thanh phan
chylomicron tan du c6 hinh dang tron véi
duong kinh trung binh tir 140 dén 143 nm.
Thanh phan apolipoprotein ciia chylomicron
tan du c6 ngudn goc dau ngd chira apoB48 va
apoE 1a mot kiéu miu dién hinh cua
chylomicron tan du. Ham lugng thanh phan lan
luot 1a triacylglycerol (1,10 £ 0,23 mm), tong
cholesterol (0,21 =+ 0,02 mm), protein
(89,26 + 10,48 pg/mL) va ti 1&¢  tong
triacylglycerol trén tong cholesterol (TG : TC)
(5,2 : 1). Két qua thir nghiém xé dich gel cho
thdy su lién két véi gbe tocopherol ciia Toc-
siRNA va tao hé CMr-Toc-siRNA. D§ an toan
sinh hoc cua hé chylomicron tan du mang
siRNA dugc thir nghiém va danh gia bang
kha ning séng sot té bao Hepa 1-6 voi nong
d6 thap 0,1 pM. Tat ca cac thanh phan déu
cho thiy kha ning sdng sot té bao xdp xi
92,2 % ching minh h¢ chylomicron tan du
mang siRNA c6 do an toan sinh hoc cao.
Bén canh do, két qua danh gid muc do
mRNA apoB néi sinh trong gan giam hon
30% cho thiy tac dung cia CMr — Toc —
siRNA déi véi viéc van chuyén siRNA dén
gan. Tu cac két qua trén, h¢ CMr — Toc —
siRNA cho thdy khi ning dé van chuyén
siRNA téi gan, khéic phuc tot cac han ché
cua tocopherol va tang tinh hiéu qua trong
qua trinh diéu tri gan nhiém mg.
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