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Abstract

Dai vdi cac co quan ma thudc khéng thé tiép
can duwoc bang dwong tiém dudi da, hé théng
dua thudc toan co thé ddéng vai trd quan
trong trong diéu tri tri liéu. Trong nghién cru
nay, muc tiéu cta chung toi 1a phat trién mot
cong thire tdng hop khéng déc hai va 6n dinh
nham phan phdi vat liéu gen ngoai lai t&i té
bao dich, vi du nhu té bao ung thu. Ching toi
tién hanh tao dnh phat huynh quang in vivo
dé quan sat su tich tu cla khéi u trong phirc
hé. Céng thirc d3 dugc phat trién cho phép
tan cdng gian tiép té bao ung thuw ma khong
gay ra bat c¥ phan (rng phu nao. D3y cé thé Ia
madt &ng cr vién xuat sac hd tro cho qud trinh
tai nap in vivo mét cach hiéu qua.

Systemic delivery systems are needed for
therapeutic application to organs that are
inaccessible by percutaneous administration.
In the present study, the main objective was
to develop a stable and non-toxic synthetic
formulation that can deliver foreign genetic
material to target cells, such as tumour cells.
To visualize the tumour accumulation of the
complexes, in vivo fluorescence imaging was
performed. The developed formulation
allowed passive targeting without causing
any side effects and seems to be an excellent
candidate for an efficient in vivo transfection.
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Gidi thiéu
Introduction

Phat trién mot liéu phdp phan phéi thudc qua
dudng tinh mach én dinh va dac hiéu 1a yéu
td can thiét trong diéu tri cac khdi u di cdn
hay nhitng co quan ma thuéc khéng ti€p can
duoc.

Tuy nhién, viéc tdn céng ching trén phuong
dién toan hé théng la mét thir thach 1én do
protein huyét thanh va doc tinh hay do qua
trinh dao thai giy ra béi hé théng thuc bao
don nhan (MPS).

Céc hat nano lipid phat trién trong nhirng
cbng trinh nghién ciru tredc mang lai cac két
qua kha quan nhu: hoat héa b6 thé yéu va it
bi bat gilt b&i dai thuc bao (Heurtault et al.,
Pharm Res, 2002). Céng thirc bao ché vi nang
nano nay duoc diéu chinh phu hop dé tao ra
hat nano DNA (DNA LNPs).

Nh& viéc thay Lipoid® bang oleic Plurol®
trong cong thirc ma nhan lipid c6 thé gilr
phan t&r DNA plasmid bang phic hop
lipoplexes. Do vay, DNA LNPs cé kich thudc
rat nhé (117 + 10 nm), thich hgp dé dua
thuéc vao co thé qua dudng tiém tinh mach.
Tuy nhién, vat liéu nay van cé do bén in vivo
va thoi gian ban thai thap.

Hinh 1. Gidn d6 m6 phong DNA LNPs

For the treatment of unreachable organs and
disseminated or metastatic cancer, it is now
essential to develop stable and specific
intravenous forms of therapy.

However, systemic targeting remains a real
challenge because of complexation with
serum proteins and toxicity or clearance by
the mononuclear phagocyte system (MPS).

In previous works, lipid nanoparticles were
developed leading to really weak complement
activation and low macrophage uptake
(Heurtault et al., Pharm Res, 2002). The
formulation of these nanocapsules was
adapted to obtain DNA nanoparticles (DNA
LNPs).

Thanks to the use of oleic Plurol® instead of
Lipoid® in their formulation, the lipid core
allowed the entrapment of plasmid DNA
molecules via the formation of lipoplexes.
Thus, DNA LNPs were small (117 + 10 nm),
suitable for an intravenous injection, but in
vivo stability and blood half-life remained low.

-

DNALNP
DNALNP + DSPE-
mPEG 2000

Figure 1. Schematic representation of DNA LNPs
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Nham kéo dai thoi gian thuéc tuan hoan
trong co thé va cd xac suat tan cong té bao
ung thu chinh xac (Maeda et al., J Control
Release, 2000), cdc nha nghién clru da lya
chon bién d6i bé mat hé théng phan phdi gen
bang cach dat mot chudi PEG (poly ethylene
glycol) dai gitta bé& m&t DNA LNPs va chudi
PEG660 day dic d3 cé san trudc do. Thao tac
nay duoc ti€n hanh bang cach st dung hai
loai polyme ludng phan va linh hoat
(Vonarbourg et al., Biomaterials, 2009).

Chung t6i nghién clru kha nang ma cac hat
nano khac nhau cd thé trén thoat khdi b6 thé
da duoc hoat hda va viéc bj bat gilr béi dai
thuc bao THP-1. Chung t6i cling danh gia kha
nang lwu gitr tudn hoan cha thuéc trong thoi
gian dai sau khi tiém dudi tinh mach va tich
Ity trong khéi u & chuot bang hé tao anh phat
huynh quang gan héng ngoai. Song hanh véi
dé, ching t6i thu thap cdc mau mau dé do
anh hudng do thuong tén & gan gay ra bdi
cac cong thirc khac nhau trudc va sau khi
tiém.

To allow an extended circulation time, and
consequently  higher tumour selectivity
(Maeda et al., J Control Release, 2000),
authors choosed to modify the surface of our
gene delivery systems, by inserting longer
PEG (Poly ethylene glycol) chains at the
surface of DNA LNPs between the already-
existing, dense PEG660 chains. This was
carried out through the use of two kinds of
amphiphilic and flexible polymers
(Vonarbourg et al., Biomaterials, 2009).

The ability of the different particles to escape
complement activation and uptake by THP-1
macrophages was investigated. Then the long
circulating properties of these particles in vivo
after intravenous injection in mice and their
tumour accumulation ability by  NIR
fluorescence imaging system were evaluated.
In parallel, blood samples were harvested to
measure the hepatotoxic impact of the
different formulations before and after
injection.
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Thao tac thi nghiém
Experimental procedure

Hinh thanh c4u trdc van chuyén nano én dinh
V@i kich thudc bén trong [én dén 130 nm nhd
hat nano DNA duoc bao géi va khong duoc
bao gdi. Quy trinh bao goi nay duogc thuc
hién bang cach déng géi DNA trong cac hat
nano lipid (LNPs). Chuang t6i chon loc cac 1&dp
vd boc polyme lwdng phan va linh hoat & cac
nong dé khac nhau dé tao ra DNA LNCs c6
kha nang vuot qua cac chudng ngai vat cla
co thé tét (Morille et al., Biomaterials, 2010).

Nghién ctru vé doc té€ bao, nhiém doc gan va
dong luwc mau duwoc tién hanh trudc thi
nghiém tao hinh in vivo (Morille et al.,
Biomaterials, 2010).

Chu6t mang khéi u duwoc chuan bj bang cach
tiém duwdi da swon phai cia chudt trui 16ng
khdong cé tuyén (rc (chudt cai 6 tudn tudi,
nang 20-24 g) mdt hdn hgp huyén phu 1 x
10° dong u té bao than kinh dém &c tinh
U87MG trong 150 mL dung dich Hanks
Balanced Saline Solution (HBSS).

DE theo ddi si phan phéi cia DNA LNPs dugc
bao gbi va khdong dugc bao géi trong co thé
chudt mang khéi u, LNPs duwgc danh dau
bang dau do DiD. DiD la mét fluorophore gan
héng ngoai (NIR).

Sau 21 ngay, chung t6i tiém 150 mL hat nano
vao tinh mach duéi nhirtng con chudt mang
kh&i u trén man suon phai.

Coated and uncoated DNA nanoparticles
were developed by encapsulating DNA into
lipid nanoparticles (LNPs) leading to the
formation of stable nanocarriers with a size
inferior to 130 nm. Amphiphilic and flexible
polymer coatings at different concentrations
were selected to make DNA LNCs stealthy
(Morille et al., Biomaterials, 2010).

Cytotocixity, hepatoxicity and blood kinetic
studies were performed prior in vivo imaging.
(Morille et al., Biomaterials, 2010).

Tumour bearing mice were prepared by
injecting subcutaneously a suspension of
1x10¢ U87MG glioma cell line in 150 mL of
Hanks Balanced Saline Solution (HBSS) into
the right flank of athymic nude mice (6 weeks
old females, 20-24 g)

In order to evaluate the biodistribution of
coated DNA LNPs and uncoated DNA LNPs in
tumour bearing mice, LNPs were labeled with
DiD probe, a near-infrared (NIR) fluorophore.

After 21 days, 150 mL of nanoparticles were
injected via the tail vein of the mice
presenting tumours on their right flank.
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Tao anh phat huynh quang khéng can thiép
duwoc tién hanh 3h, 5h, 24h va 48h sau tiém
st dung hé tao anh phat huynh quang sinh
hoc NightOWL Il dwgc trang bi véi may anh
CCD c6 tinh nang lam lanh qud trinh quét
cham. Chung t6i lva chon kinh loc kich thich
590 nm va kinh loc phdat xa 655 nm vi nhan
huynh quang DiD duoc si dung dé xac dinh
vi tri cdc hat nano. Song hanh vai do, thiét bj
chi€u sang dang vong epi rat phu hop trong
viéc duy tri tia sang 6n dinh & moi phép do
huynh quang. Vong sang duoc dat & mot do
cao ¢ dinh nham dam bao rang nang luvong
kich thich 1én mau ludn khéng khéng déi.

Chu6t dugc gady mé bang 4% hon hop khi va
isofluran. Tuy nhién chi can 2% hdn hgp khi-

isofluran can phai duy tri xuyén sudt thi

nghiém moét khi chuét da dwoc dat vao
khoang thu anh.

V&i hé tao anh NightOWL, thoi gian thu anh
phat huynh quang chi mat 2 gidy. Tin hiéu
huynh quang sau dé dugc dat khdp 1én anh
den trang ctia chuét.

Non-invasive fluorescent imaging was then
performed 3 h, 5 h, 24 h and 48 h post-
injection using the biofluorescence imaging
(BFl) system LB 983 NightOWL Il equipped
with cooled slow scan CCD camera. As DiD
fluorescent tag was used to localize the
nanoparticles, the 590 nm excitation filter
and the 655 nm emission filter were selected.
In parallel, the light beam was kept constant
for each fluorescent measurement, which was
ideal with the ringlight epi illumination. The
ringlight was always set at the same height,
to ensure that the excitation energy on the
sample would be always the same.

Each mouse was anesthetized with a 4% air—
isofluran blend. Once laid in the acquisition
chamber, the anesthesia of the mice was
maintained with a 2% air-isoflurane mixture
all along the experiment.

With the NightOWL system, the fluorescent
acquisition time was 2 seconds, the
fluorescent signal was then overlaid on a
black-white picture of the mice.

Application Note 5



BERTHOLD

T ECHN LOGTIES

detect and identify

May anh CCD thu anh sang phat ra tir Idp da
con vat ma khong biét trwdc thdng tin vé do
sau cla ngudn sang. Tuy nhién, quang tl kich
thich va phat xa dung trong thi nghiém nay cé
dudng di trung binh trudce khi hap thu dai 1-2
cm. Dic diém nay phu thudc vao tinh chat
quang hoc dac trwng cha tirng md. Vi vdy, néu
quang t& cé thé di xuyén trong co thé con vat
tdi 2 cm, chi nguén sdng & dudi da 2 cm mdi
quan sat dugc. Do d6, dé xac dinh rd rang vi
tri chat nhudm huynh quang tich tu & mot vi
tri giadi phau nhat dinh, ching t6i can tién
hanh nghién cru sau hon.

May NightOWL
NightOWL

NightOWL la hé tao anh phat quang sinh hoc
(BLI) va phat huynh quang sinh hoc (BFIl) in
vivo tich hgp cung may anh CCD cuc nhay
(lam lanh 1én t&i -80°C).

Rat nhiéu su lwa chon khién cho thao tac cac
&ng dung khdc nhau trén may tré nén that dé
dang. Toan bd co thé déng vat, thdm chi Ia
thyc vat, dau blots, gels, khay vi thé, khay va
mang nudi cdy té bao déu cé thé duoc tao
anh.

Hinh 2. Hé tao anh in vivo NightOWL Il

The CCD camera collects light coming out
from the skin of the animal without any a
priori information regarding the deepness of
the sources. However, excitation and emission
photons employed in these experiments have
a mean path before absorption of 1-2 cm,
and this property depends on the optical
characteristic of tissues themselves. Thus,
since the photons can pass up to 2 cm
through the animal body, sources located up
to 2 cm below the skin can be visualized.
However, in order to unambiguously localize
the fluorescent dye accumulated in specific
anatomical areas, a much more detailed
study should be performed.

The NightOWL is an in vivo bioluminescence
(BLI) and biofluorescence (BFl) imaging
system equipped with extreme sensitive CCD
cameras (cooled to -80°C).

A variety of options makes easy adaption to
different applications possible. Whole animals
and even plants can be imaged as well as
blots, gels, microplates, cell culture dishes
and arrays.

4
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Figure 2. NightOWL Il in vivo imaging system
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Két qua
Results

DPé udc tinh kha ndng dao thai phu thudc vao
thi gian va kha nang tich Iy trong khéi u cla
LNPs dwoc bao géi mang thoi gian lwu gilt 1au
nhat trong mach mau, hdn hop huyén phu
nay dugc tiém dudi tinh mach dubi chudt
mang khdi u dé€ so sdnh vdi DNA LNPs khong
bao gbi. Kha ndng phan phdi trén mé duoc
danh gid nho hé tao anh phat huynh quang
sinh hoc (BFI) NIR.

Trudc tién, tin hiéu huynh quang s&m phat ra
manh hon d6i v&i sau khi tiém DNA LNPs
dugc bao goi so véi loai hat khong dugc bao
goi. Néu xét tdi DNA LNPs khéng duoc bao
goi, cvong dd huynh quang bat dau ting 3h
sau khi tiém cho t&i 24h ti€p theo tai ving
gan. Trong khi do, chung t6i khong quan sat
thdy DNA LNPs bao gdi bé&i DSPE-mPEG2000
tai bat ky thoi diém nao & vung nay (Hinh 3).
Song hanh v&i d6, phat xa huynh quang duoc
quan sat thay & thoi diém 3h, 5h, 24h va 48h
sau khi tiém DNA LNPs trén vung than. Quan
sat nay giup chung toi dua ra gid thuyét dao
thai ca DNA LNPs théng qua hé bai tiét. Vao
thoi diém 24h va 48h sau khi tiém, DNA LNPs
duogc bao goi bdi DSPE-mPEG2000 thé hién
cudng d6 huynh quang rdt manh & khéi u va
vung k& cin nd so vdi hat nano DNA khéng
dugc bao goi.

To estimate time dependant excretion profile
and tumour accumulation of the coated LNPs
exposing the greatest residence time in
bloodstream, these suspensions were
intravenously injected in the tail vein of
tumour bearing mice and compared to non-
coated DNA LNPs. Tissue distribution was
evaluated thanks to NIR biofluorescence
imaging (BFl).

First of all, the early fluorescence signals were
much more intense dfter injection of coated
DNA LNPs than after the administration of
uncoated particles. When regarding non-
covered DNA LNPs, the fluorescence intensity
increased in the liver area from 3 h after
injection up to 24 h, whereas no
accumulation in this anatomical area was
observed with DSPE-mPEG2000-coated DNA
LNPs at any time (Fig. 3). In parallel, a
fluorescence emission was observed 3 h, 5 h,
24 h, and 48 h after DNA LNPs injection on
the kidney area, which could therefore let
think to an elimination of DNA LNCs via
urinary system. At 24 h and 48 h after
injection, DSPE-mPEG2000-covered DNA LNPs
displayed stronger fluorescence intensity in
the tumour and in its vicinity, compared to
non-coated DNA nanoparticles.
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Két luan
Conclusion

Chung toi phat trién DNA LNP duoc bao géi
b&i DSPE-mPEG2000 cé kha ndng tuan hoan
trong mach mau va tich Iy trong khéi u ma
khéng bi phan hly hay bat gitt bdi co ché
phong vé té bao. V&i hé tao dnh NightOWL,
kiém sodat khéi u bang huynh quang sinh hoc
c6 thé duoc tién hanh mot cach dé dang.

C43u truc van chuyén nano cla ching toi da
vuot qua hang rao ngoai bao, tuy nhién con
rat nhiéu hang rao té€ bao khac doi hdi cac
nghién ctru chuyén sau dé cai thién vector
nay. Nhuwng hé théng phan phdi DNA van |a
mot (ng vién xuat sic déng gép cho qua
trinh tai nap in vivo mét cach hiéu qua.

Vat liéu
Materials

* Dong u té bao than kinh dém &c tinh
U87MG (ATCC, Manassas, VA, USA)

* Dung dich Hanks Balanced Saline (HBSS)

e Chubt truiléng khéng co tuyén trc (chudt
cai 6 tuan tudi, nang 20-24 g, Charles
Rivers, Wilmington, MA)

* D3au do DID (Invitrogen)

* NightOWL LB 983 (Berthold Technologies)

* Kinh loc kich thich & 590/20 nm (#37989)
(Berthold Technologies)

* Kinh loc phat xa & 655/20 nm (#51332)
(Berthold Technologies)

* Khi gdy mé Isoflurane (Abott)

The DSPE-mPEG2000-coated DNA
developed are able to circulate

LNPs
in the
bloodstream without being degraded or
captured by the cellular defense mechanismes,
and to accumulate in the tumour area. With

the NightOWL imaging system
biofluorescence tumour monitoring could be
performed easily.

One hurdle, the extracellular one, is therefore
crossed, but numerous barriers still exists at
the cellular level, and efforts have to be made
to still improve this vector. Nevertheless, this
DNA delivery system seems to be an excellent
candidate for an efficient in vivo transfection.

* U87MG glioma cell line (ATCC, Manassas,
VA, USA)

* Hanks Balanced Saline Solution (HBSS)

* Athymic nude mice (6 weeks old females,
20-24 g, Charles Rivers, Wilmington, MA)

* DiD probe (Invitrogen)

* NightOWL LB 983 (Berthold Technologies)

* 590/20 nm excitation filter (#37989)
(Berthold Technologies)
* 655/20 nm emission filter (#51332)

(Berthold Technologies)
* Isofluorane for anesthesia (Abott)
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Tai liéu tham khao
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LNP DNA LNP DNA + DSPE-mPEG2000 LNP DNA + DSPE-mPEG2000

24h 48h

LNP DNA LNP DNA + DSPE-mPEG2000 LNP DNA LNP DNA + DSPE-mPEG2000

Hinh 3. Anh phat huynh quang in vivo trén chudt trui 16ng khdng c6 tuyén trc mang khdi u US87MG sau khi tiém DNA LNPs
hodc DNA LNPs dugc bao géi bai DSPE-mPEG2000. Anh quang hoc chuyp chudt trui 16ng mang Ilwgng DNA LNPs hodac DNA
LNPs duoc bao géi béi DSPE-mPEG2000 véi ndng do tiém tinh mach trén dudi 1a 152 mg/mL (tuwong &ng vdi 46 mg pDNA
trén moi con). Thanh mau phia trdi hodc bén trén birc anh thé hién hiéu suat tin hiéu phat xa huynh quang tir chudt. Mii
tén mau tréng chi vao vi tri cta khéi u.

Figure 3. In vivo fluorescence imaging of athymic nude mice bearing U87MG tumors after intravenous injection of DNA
LNPs or DSPE-mPEG2000-coated DNA LNPs. Optical images of nude mice with 152 mg/mL tail vein injection of DNA LNPs or
DSPE-mPEG2000-coated DNA LNPs (representing 46 mg of pDNA per mice). Coloured bar on the left or upper part of the
picture indicates the signal efficient of the fluorescence emission coming out from the animal. The tumour location is
specified with a white arrow.

Mot s6 ki thuat tién hanh trén cac chi thé sinh hoc d3 duoc cap bang sang ché va cé thé phai yéu cau gidy phép tir bén thi
ba.

Nguoi dung duoc khuyén céo rang ho phai 1a nguoi chll dong quyét dinh xem céc thao tac tién hanh ctia minh c6 xam
pham tdi bat c bang sang ché hop 1& nao khong.

Some techniques for generating and/or detecting light in biological subjects are patented and may require licences form

third parties.
Users are advised to independently determine for themselves whether their activities infringe any valid patent.
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