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Tom tat
Abstract

Gen chi thj dugc sir dung ph6 bién dé gidam sat mdrc d6 biéu hién gen trong nhitng
thi nghiém tién hanh trong va ngoai co thé. Cong nghé nay cho phép quan sat khéng
can thiép biéu hién gen ma khéng phai xdm pham t&i con vat. Mé hinh phat quang
sinh hoc dua trén biéu hién gen luciferase da trd thanh nhirng cong cu hitu ich dung
trong danh gid hiéu suat diéu tri ung thu va vai trd cla cac thu thé ma céc té bao ung
thu dung dé tan céng va nhan |én trong co thé.

Reporter genes are widely used for monitoring gene expression in in vitro and in vivo
assays. This technology enables non-invasive visualization of gene expression in
intact animals. Bioluminescent models based on luciferase gene expression have
become useful tools for evaluating cancer treatment efficiencies and the role of
receptors in invasion and proliferation.

Anh sang phat ra tir phan &ng oxy héa quang sinh hoc luciferin trong diéu kién phan
&ng c6 ATP, magié va oxy cé thé dé dang phat hién va dinh lvgng nhd bd méy anh
cdm bién lanh (CCD) tich hop trong hé tao anh NightOWL LB 981 NC 100 ché tao
theo Cong nghé BERTHOLD.

The light resulting from the bioluminescent oxidation of luciferin in the presence of
ATP, magnesium and oxygen can be easily detected and quantified with a cooled
chargecoupled device (CCD) camera, like the NightOWL LB 981 NC 100 system from

BERTHOLD TECHNOLOGIES.

1ISERM Unité 540, UM |, Endocrinologie Moléculaire et Cellulaire de Cancers, 34090
Montpellier, France

2|SERM EMI 0227 — CRLC Val d’Aurelle — Paul Lamarque, 34298 Montpellier, France
3BERTHOLD TECHNOLOGIES GmbH & Co. KG, 75323 Bad Wildbad, Germany

Application Note 1



Nhitng wu diém cda thi nghiém luciferase phai k& dén nhu dé nhay cao, da phan cac
dong té& bao déu khdng cé enzym luciferase hoat dong, khodng hoat ddng réng, mau
le va chi phi thap. Gen chi thi phé bién va linh hoat nhat 13 luciferase c6 ngudn géc tir
dom dém Bac My Photinus pyralis v&i phan &ng sdng cé hiéu suat lwong tlr cao
nhat. Enzym nay & trang thai hoat déng ma khéng can bién déi protein hau dich ma.
o néng thich hgp tao anh phat quang sinh hoc, D-luciferin 1a mét chat khéng doc hai
hay khéng gay ra dap ing mién dich vay nén thao tac khao sat hinh anh cé thé duoc
tién hanh [an luot trén mét con vat duy nhat. Sau khi dwoc tiém vao chudt, D-
luciferin di qua mang té bao va dam xuyén qua hang rao mau n3o chua bj tdc dong
cling nhu hang rao nhau thai. Viéc nay cho phép protein chi thi duwoc ghi anh lai &
bat ky vi tri gidi phau nao. K§ thuat nay khong gay phuong hai cho con vat nén nhiéu
nghién ctru ghi anh tuan tu cé thé duoc tién hanh chi vdi mét con vat duy nhat.

The advantages of a luciferase assay are the high sensitivity, the absence of
luciferase activity inside most of the cell types, the wide dynamic range, rapidity and
low costs. The most versatile and common reporter gene is the luciferase of the
North American firefly Photinus pyralis with the highest quantum efficency of the
light reaction. The protein requires no posttranslational modification for enzyme
activity. At the concentrations used for bioluminescence imaging, D-luciferin is non-
toxic and non-immunogenic, and so serial imaging examinations can be performed
with the same mouse. D-luciferin crosses cell membranes and penetrates the intact
blood-brain barrier in addition to placental barriers after injection in mice, allowing
this reporter protein to be imaged in any anatomic site. As the technique does not
harm the animals, multiple sequential imaging studies in the same animal are
possible.
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Hinh 1. Nguyén ly hoat déng clia Thi nghiém Gen Chi thi. Vung khéi dong kich
hoat qua trinh phién ma ctia gen X va chi thi k& bén trong nhan té bao. Sau khi
duwoc dich ma, enzym luciferase sé xuc tac phan (rng bién Luciferin (co chéat cla
Luciferase) va ATP thanh oxyluciferin va anh sang.

Figure 1. Principle of Reporter Gene Assays. The promoter activates the
transcription of gene X and the close luciferase reporter in the cell nucleus. After
translation the luciferase enzyme will catalyse the reaction of Luciferin (luciferase
substrate) and ATP to oxyluciferin and light.

Application Note



Thao téac tién hanh thi nghiém
Experimental Procedure

Biéu hién cla luciferase thudng dugc phan tich sau khi tiém luciferin duwdi bung.
Nong d6 D-luciferin si dung trong ky thuat tao hinh anh trong co thé thudng roi vao
nguwdng tir 120 mg/kg cho t&i 225 mg/kg khdi lwgng co thé chudt. Do dd phat quang
sinh hoc do trong co thé thudng bién thién theo thdi gian sau tiém va liéu luvgng
luciferin, vy nén hai dai lwgng nay thudong duoc duy tri khéng ddi trong thi nghiém
ghi anh tuan tu trén mot con vat duy nhat (Burgos va cong su). Chi khi & trong céc
diéu kién khdng déi thi viéc so sanh cac két qua dinh lvgng méi cé y nghia.

Usually luciferase expression is analyzed after intraperitoneal luciferin injection.
Concentrations of D-Luciferin used for in vivo imaging are between 120 mg/kg up to
225 mg/kg bodyweight in mice. Since the magnitude of bioluminescence measured in
vivo varies with time after luciferin injection, as well as with dose, time after injection
and dose of D-luciferin have to kept constant in the sequential imaging experiences
with the same animals (Burgos et al.). Only under constant conditions comparison of
the quantitative results are possible.

Dé xac dinh hoat déng téi wu cla luciferase, thi nghiém thoi gian phat hién va thoi
gian dién ra phan ¢ng duoc tién hanh. Anh duoc ghi lai tuin tu ké tir sau khi tiém
luciferin (125 mg/ kg khéi lvgng co thé) cl khoang 2 phut mét lan. Tin hiéu phat
quang sinh hoc cuc dai dugc ghi nhan 10 phat sau khi tiém va duy tri én dinh trong
vong 10 phut tiép theo.

To determine the optimal luciferase activity detection time, time course experiments
were performed. Serial pictures were taken at different time intervals following
luciferin injection (125 mg/kg bodyweight) roughly every 2 min. (Fig. 2). Maximal
bioluminescent signal was obtained about 10 min after injection and remained stable
during 10 more minutes.
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Normalized luciferase activity

Time after luciferin addition (min)

Hinh 2. Anh sang phat ra tlr t& bao LSCL*N da dwoc x& ly véi luciferin dwoc ghi
nhan trong co thé theo tham chiéu thoi gian. D liéu thu dwoc sau khi cdy dusi da
chudt trui 16ng cai Thuy S§ dong t& bao LSCL*N. Chudt dwoc gay mé dé tiém
luciferin dwéi mang bung. Sau 2 phut tao anh bdng may anh CCD, di liéu duwoc
truy xuat bang phan mém WinLight (CONG NGHE BERTHOLD). Bwé&ng cong biéu
di&n don vi &nh sang da dwoc chudn héa tai mdi thoi diém ghi két qua bang viéc
coi gia tri cwc dai la 100.

Figure 2. Time course of in vivo light emission from luciferin-treated LSCL*N cells.
Data were obtained after subcutaneous implantation of LSCL*N cells in female
Swiss nude mice. Mice were anesthetized and luciferin was ip injected. After 2 min
imaging with CCD camera, data were extracted using WinLight software
(BERTHOLD TECHNOLOGIES). The curve represents the normalized light units at
each point measured by taking maximum value as 100.

Dé tién hanh nhirng nghién ctru sdu hon doi hoi thi nghiém thwc hién trén nhiéu con
chuot cung ldc, hé NightOWL LB 981 NC 100 (Céng nghé BERTHOLD) duoc tich hop
vGi hé théng gdy mé tlr TEM (Bordeaux) cho phép ghi anh chudt két hop cung vdi
thiét bi c6 dinh kiém soat than nhiét con vat dwoc bé tri bén trong thiét bi (Hinh 3).

To perform further studies with several mice simultaneously, NightOWL LB 981 NC
100 system (BERTHOLD TECHNOLOGIES) was coupled with an anaesthesia system
from TEM (Bordeaux) that allow mice imaging in combination with a temperature
controlled mice holder in the inner of the instrument (Fig.3).
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Hinh 3. Thiét bi cb dinh chudt NightOWL NC 100. Ban thao thiét bi ¢ dinh chuot
dwoc minh hoa b&i INSERM U 540, Montpellier, Phap (A) va san pham cudi ciing
dwoc hoan thién b&i cac ky sw cia BERTHOLD TECHNOLOGIES.

Figure 3. NightOWL NC 100 mice holder. Schematic view (A) of the mice holder
was made by INSERM U 540, Montpellier, France and the realization of the final
product was achieved by BERTHOLD TECHNOLOGIES engineers (B).

Hé théng gdy mé nay cho phép chung tdi tién hanh do déng ndng clda phan bé
luciferin trén 1 t&i 4 con chudt cung mét luc. D& lam dugc didu nay, ching toi st
dung ché& dé chuyén ddi tuan ty cia phan mém WinLight dé ghi nhan sy xuat hién
cla tin hiéu phat quang sinh hoc nhu Hinh 4 cho thay.

This anesthesia system allowed us to perform kinetic of luciferine distribution within
1 to 4 mice simultaneously. For this purpose, we used the sequence acquisition mode
of WinLight software to follow the apparition of the bioluminescent signal as shown
in Figure 4.
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Hinh 4. Anh sang phat ra tlr chudt dwoc x ly luciferin theo tham chiéu thoi gian.
D lieu thu dwoc sau khi cdy dwéi da chuét trui 16ng cai Thuy Sy dong té bao phat
quang sinh hoc. Chuédt dwgc gay mé dé tiém luciferin dwéi da. C&¢ mdi 2 phat
chudt dwoc ghi anh bang ché dd chuyén déi va di liéu dwoc truy xuat bang phan
mém WinLight (CONG NGHE BERTHOLD).

Figure 4. Time course of in vivo light emission from luciferin-treated mice. Data
were obtained after subcutaneous implantation of bioluminescent cells in female
Swiss nude mice (two implantations per mice: left flank and right flank). Mice were
anesthetized and luciferin was subcutaneously injected. Mice were imaged using
acquisition mode within a 2 min period and data were extracted using WinLight
software (BERTHOLD TECHNOLOGIES).
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O da phan thoi diém, déng ning cla enzym tuong duong nhau nhung ching toi
nhan thay mét s6 bién ddi, phan 1&n 13 do sy phan bd luciferin khac nhau phu thudc
vao vi tri tiém (dwdi mang bung hodc dudi da). Hinh 5 cho thdy ba dang déng nang
khac nhau ma ching t6i ghi nhan duorc.

Most of the time kinetic was similar but we have noted some variation mostly due to
luciferin  distribution that depends on injection (either intraperitoneal or
subcutaneous injection). Figure 5 showed three different kinetic often obtained.
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Hinh 5. Ba dwdng biéu dién anh sang phat ra tir chudt bi x& 1y luciferin theo tham
chiéu thoi gian. DI liéu thu dwoc sau khi cdy dwéi da chudt trui 16ng dong té bao
phéat quang sinh hoc. Chudt dwoc gay mé dé tiém luciferin dwéi da. C&» mdi 2 phat
chudt dwoc ghi anh bang ché dd chuyén ddi va di liéu dwoc truy xuét bang phan
mém WinLight (CONG NGHE BERTHOLD).

Figure 5. Three different time courses of in vivo light emission from luciferin-
treated mice. Data were obtained after subcutaneous implantation of
bioluminescent cells nude mice. Mice were anesthetized and luciferin was
subcutaneously injected. Mice were imaged using acquisition mode within a 2 min
period and data were extracted using WinLight software (BERTHOLD
TECHNOLOGIES).
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Ca ba duwong biéu dién nay déu rat khac biét. M6 hinh hay ghi nhan duoc [a duong
biéu dién mau vang c6 tin hiéu phat quang sinh hoc cyc dai dat dwoc 10 phut sau
khi tiém va duy tri 6n dinh trong suét 10 phut ti€p theo va gidm dan sau d6. Nhung
d6i khi, tin hiéu dwoc duy tri n dinh trong hon 30 phuit (dudng biéu dién mau tim)
hay cé thé mat t&i hon 30 phut luciferase méi cé thé dat dwoc mirc hoat dong cuc
dai (dwong bidu dién mau xanh). Thi nghiém nay chi ra rang kiém soat hoat dong cua
enzym xuyén sudt thoi gian dién ra phan tng 1a rat can thiét. D& lam duoc didu nay,
ché d6 chuyén déi tuan tu duoc siv dung dé lam gidam sy da dang tin hiéu trong
nhitng phép do in vivo. Sinh kha dung cua luciferin trong con vt cé thé khac nhau &
cac thi nghiém khéac nhau. P& han ché van dé nay, chung t6i d3 s& dung nhitng té
bao ludn biéu hién luciferase 6n dinh lam d&i chirng ndi. Chudt dugc ghép md dudi
da & hai vj tri (phai va trai) nhu thiy & Hinh 6.

Those three patterns were very different. The yellow curve in which the maximal
bioluminescent signal was obtained about 10 min after injection and remained stable
during 10 more minutes and when decreased, was the more often obtained. But
sometimes, the signal remained stable during more than 30 minutes (red curve) or it
took more than 30 minutes to reach the maximum luciferase activity (blue curve).
This experiment point out the necessity to perform time courses using the sequence
acquisition mode to reduce signal variability of in vivo measurements. The
bioavailability of luciferin within the animal could be different from an experiment to
another. To avoid this problem, we have used constitutive luciferase expressing cells
as an internal standard. Mice were subcutaneously double grafted (right and left
flanks) as shown in figure 7.

Hinh 6. C4y té bao can kich hoat va té bao biéu hién s&n lam dbéi chirng ndi. Bén
con chudt dwoc ghép dwéi da (t& bao biéu hién én dinh tin hiéu phat quang (té bao
HELN) & man swon trai (mii tén dd) va té bao biéu hién tin hiéu phat quang khi
duorc kich hoat bang retinoid (RARy) & man swén phai (mdi tén xanh).

Hinh 6. Implantation of inducible and constitutive cells as an internal standard.
Four mice subcutaneously double grafted with cells expressing a constitutive
luminescent signal (HELN cells) on their left flank (red arrows) and with cell
expressing a retinoid inducible luminescent signal (RARy) on their right flank
(green arrows).
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Chu6t dugc ghi dnh bang ché d6 tuan tuw trudc va sau khi kich hoat t& bao can gay
kich hoat bang phdi t&r pht hop (chat chi van) 16 tiéng. Phéi tlr nay dugc cho chudt
udng bang dudng miéng. Tin hiéu phat quang trong khodng thoi gian tir 10 dén 22
phut duoc tinh gid tri trung binh cho tirng khéi u va téng hop lai & Hinh 7 va bang
bén dudi.

Mice were imaged using the sequential mode before and after 16 hours induction by
a ligand of the inducible cells (retinoid agonist) administered orally. Averages of
luminescent signal between 10 and 22 minutes were calculated for each tumor and
reported in figure 7 and table below.
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Hinh 7. Gié tri trung binh cla tin hiéu phat quang. Bén con chuét dwoc ghi hinh
bang cach st dung ché dd tuan tw trwéc va sau khi kich hoat té bao can gay kich
hoat bang phéi t& (chat chd van retinoid) dwoc cho chudt hap thu bang duwong
ubng. Gia tri trung binh cua tin hiéu phat quang dwoc tinh trong khodng thdi gian
tir 10 t&i 22 phat. HELN 14 t& bao ludn biéu hién luciferase 6n dinh va RARy la té
bao biéu hién luciferase khi dwoc kich hoat bdi retinoid. TAc nhan kich hoat dwoc
tinh theo va khéng theo chuan héa béi té bao ludn biéu hién.

Hinh 7. Averages of luminescent signal. Four mice were imaged using the
sequential mode before and after 16 hours induction by a ligand of the inducible
cells (retinoid agonist) administered orally. Averages of luminescent signal between
10 and 22 minutes were calculated. HELN were constitutive luciferase expressing
cells and RARy were retinoid luciferase inducible cells. Induction factor were
calculated with or without constitutive cells correction.
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Né&u khéng chuan héa, mirc d6 dugc kich hoat cta té bao can kich hoat bdi retinoid
|3 6.15, 19.53, 17.78 va 10.60 lan lwgt & bdn con chudt. K&t qua nay dua ra cac gia
tri rat hon tap va diéu nay cé thé gay ra tir nhitng sai khac trong thao tac tiém
luciferin va sinh kha dung cta hop chat nay cling nhu kha ndng nhan 1én cla té bao.
S dung d6i chiéu néi lam cdn cir dé chuan hda duwa ra cic két qua mirc dd duwoc
kich hoat lan lwot |1a 6.47, 6.48, 7.17 va 6.11. Nhirng gia tri twong déng nay cho
phép ching téi dua ra két luan thuc sy vé& mirc dd dugc kich hoat cta thi nghiém
nay: 6.56 + 0.44.

Without any correction, fold induction of retinoid inducible cells were 6.15, 19.53,
17.78 and 10.60 for the four mice. Those results were very heterogeneous and could
be due to variability of luciferin injection and its bioavailability as well as cell
proliferation. Using the internal standard correction, fold induction were 6.47, 6.48,
7.17 and 6.11, respectively. This homogeneity allows us to determine the real fold
induction of this experiment: 6.56 + 0.44.
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Mot s ki thuat tién hanh trén cac chi thé sinh hoc d3 duoc cap bang sdng ché va cé thé phai yéu cau gidy phép tir bén thi
ba. Nguoi dung duoc khuyén cdo rang ho phai la ngudi chl dong quyét dinh xem céc thao tac tién hanh clia minh c6 xam
pham t&i bat ctr bang sang ché hop 1é nao khong.

Some techniques for generating and/or detecting light in biological subjects are patented and may require licences from third
parties. Users are advised to independently determine for themselves whether their activities infringe any valid patent.
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