
EXPERIMENTAL and MOLECULAR MEDICINE, Vol. 43, No. 10, 580-586, October 2011

Preclinical studies for pharmacokinetics and biodistribution of 

Ad-stTRAIL, an adenovirus delivering secretable trimeric 

TRAIL for gene therapy

Chae-Young Kim
1,2

, Soon-Hye Park
1
, 

Moonsup Jeong
1
, O-Seo Kwon

1
, 

Hyounmie Doh
1
, Su-Hyung Kang

1
, 

Paul D. Robbins
3
, Byong-Moon Kim

1
, 

Dai-Wu Seol
4,5,6

 and Byung-Gee Kim
2,6

1Biopharmaceutical Research Laboratories of 

Dong-A Pharmaceutical Co., Ltd. 

Kyunggi-Do 446-905, Korea
2Interdisciplinary Program of 

Biochemical Engineering and Biotechnology 

Seoul National University 

Seoul 151-744, Korea
3Department of Molecular Genetics and Biochemistry 

University of Pittsburgh School of Medicine 

Pennsylvania PA15261, USA
4Faculty of Pharmacy 

College of Pharmacy 

Chung-Ang University

Seoul 156-756, Korea
5Department of Surgery

University of Pittsburgh School of Medicine

Pennsylvania PA15261, USA
6Corresponding authors: Tel, 82-2-880-6774; 

Fax, 82-2-874-1206; E-mail, byungkim@snu.ac.kr (B.G.K.) 

Tel, 82-2-820-5594; Fax, 82-2-816-7338; 

E-mail, seold@cau.ac.kr (D.W.S.)

http://dx.doi.org/10.3858/emm.2011.43.10.065

Accepted 21 July 2011
Available Online 8 August 2011

Abbreviations: Ad, adenovirus; AUC, area under the curve; 

BBB, brain-blood barrier; CSF, cerebrospinal fluid; i,c., 

intracranial; LOD, limits of detection; qPCR, quantitative 

polymerase chain reaction; stTRAIL, secretable trimeric 

TRAIL; TNF, tumor necrosis factor; TRAIL, tumor necrosis 

factor-related apoptosis-inducing ligand

Abstract

Malignant glioma is the most frequent type in brain 
tumors. The prognosis of this tumor has not been sig-
nificantly improved for the past decades and the aver-
age survival of patients is less than one year. Thus, an 
effective novel therapy is urgently needed. TNF-related 

apoptosis inducing ligand (TRAIL), known to have tu-
mor cell-specific killing activity, has been investigated 
as a novel therapeutic for cancers. We have developed 
Ad-stTRAIL, an adenovirus delivering secretable tri-
meric TRAIL for gene therapy and demonstrated the 
potential to treat malignant gliomas. Currently, this 
Ad-stTRAIL gene therapy is under phase I clinical trial 
for malignant gliomas. Here, we report preclinical stud-
ies for Ad-stTRAIL carried out using rats. We delivered 
Ad-stTRAIL intracranially and determined its pharma-
cokinetics and biodistribution. Most Ad-stTRAIL re-
mained in the delivered site and the relatively low num-
ber of viral genomes was detected in the opposite site 
of brain and cerebrospinal fluid. Similarly, only small 
portion of the viral particles injected was found in the 
blood plasma and major organs and tissues, probably 
due to the brain-blood barrier. Multiple administrations 
did not lead to accumulation of Ad-stTRAIL at the in-
jection site and organs. Repeated delivery of 
Ad-stTRAIL did not show any serious side effects. Our 
data indicate that intracranially delivered Ad-stTRAIL 
is a safe approach, demonstrating the potential as a 
novel therapy for treating gliomas.

Keywords: gene therapy; glioma; pharmacokinetics; 
TNF-related apoptosis-inducing ligand

Introduction

Malignant glioma is the most frequent type of brain 
tumors. Despite recent therapeutic advances, the 
prognosis of this malignancy remains very bad 
(Maher et al., 2001; Lefranc et al., 2005) and the 
average survival of patients after conventional che-
motherapy and radiotherapy is less than one year. 
Thus, it is evident that development of an effective 
novel therapy is urgently required (Weller and 
Fontana, 1995).
    Gene therapy is considered to be one of the 
newly investigated approaches to treat malignant 
gliomas. This approach delivers therapeutic genes 
into the tumor tissues to express the killer factors, 
or to enhance the systemic immune responses, 
through which tumor cells are eliminated. Particularly, 
since drug delivery is limited by the brain-blood 
barrier (BBB) in brain tumors, gene therapy directly 
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Figure 1. Profile of Ad-stTRAIL distribution in plasma after single or multiple (5 times, 1-week interval) i.c. administration. Ad-stTRAIL concentrations after 
(A) single administration of 1× 10

10
 VP/head of Ad-stTRAIL and (B) multiple administrations of 2 doses of Ad-stTRAIL and vehicle. In the multiple admin-

istrations study, Ad-stTRAIL was injected 5 times with a 1-week interval, and sampling was performed on the 3rd, 7th, 30th and 60th day, respectively, af-
ter final injection (LOD: 2,500 copies of Ad-stTRAIL/ml of plasma).

                   Parameters Value 

AUC (viral copies*day/ml of plasma) 3.7× 10
3

Cmax (viral copies/ml of plasma) 4.6× 10
4

T1/2 (hr) 1.5

Table 1. Pharmacokinetic parameters of Ad-stTRAIL in blood plasma 

after single i.c. administration (1× 10
10

 VP/head, LOD: 2,500 

copies of Ad-stTRAIL/ml of plasma)

delivering therapeutic genes into tumor tissues is 
an effective option for treating brain tumors.
    Tumor necrosis factor (TNF)-related apopto-
sis-inducing ligand (TRAIL), known as a TNF fam-
ily member (Wiley et al., 1995; Pitti et al., 1996), 
has a unique feature inducing tumor-specific apop-
tosis with a limited normal cell death (Ashkenazi et 
al., 1999; Walczak et al., 1999). This feature draws 
a great attention to develop TRAIL as an anti-can-
cer therapy selectively killing tumor cells. TRAIL is 
mainly expressed as a membrane-bound protein, 
and only approximately 10% is known to exist as a 
soluble form of protein through the processing of 
extracellular region by metalloproteases or cystein 
proteases (Degli-Esposti, 1999; Kang et al., 2000).
    Previously, we reported an enforced trimerized 
secretable form of TRAIL, composed of a secretion 
signal sequence, a isoleucine zipper (ILZ)-based 
trimerization domain, and TRAIL moiety (amino 
acids 114-281) (Kim et al., 2006). Using this secre-
table trimeric TRAIL (stTRAIL), we have developed 
a stTRAIL-expressing adenovirus, Ad-stTRAIL, 
and demonstrated that Ad-stTRAIL effectively lim-
its growth of glioma in animal tumor models. When 
combined with chemotherapeutic agent, tumor 
suppressor activity of Ad-stTRAIL was significantly 
promoted, resulting in increased animal survival 
(Jeong et al., 2009). Most importantly, Ad-stTRAIL 
did not show any significant adverse effects in 
animals.
    Currently, Ad-stTRAIL is under phase I clinical 
trial for treating malignant gliomas. Here, we report 
the preclinical data collected prior to entering the 
clinical trial, particularly on pharmacokinetics and 
biodistribution of Ad-stTRAIL after single or multiple 
administrations into the brain of Spraque-Dawley 
(SD) rats. We examined distribution of Ad-stTRAIL 
in various regions of the brain including cere-
brospinal fluid (CSF), injection and opposite in-
jection site of brain, in plasma and in various 

organs. Most Ad-stTRAIL remained to the injected 
site rather than diffused to the organs or blood 
plasma. Repeated delivery of Ad-stTRAIL did not 
show any serious side effects in animals. Our data 
suggest that direct delivery of Ad-stTRAIL into the 
brain is safe and potentially applicable for treating 
gliomas as a novel therapy.

Results

Pharmacokinetics of Ad-stTRAIL in blood plasma

Generally, the BBB prevents coming in and out of 
the drugs across brain and adenovirus can cause 
a dysfunction of organs. Thus, it is important to 
know whether Ad-stTRAIL delivered into the brain 
comes out of the brain and freely diffuses through-
out the whole body through the blood circulation. 
To address this question, we administered Ad- 
stTRAIL into the rat brain and analyzed viral ge-
nomes in the blood plasma using the quantitative 
polymerase chain reaction (qPCR) method. We de-
livered 1× 10

10
 Ad-stTRAIL one time and meas-

ured the number of viral genomes in the blood cir-
culation (Figure 1A). Ad-stTRAIL reached the peak 
(4.6× 10

4
 viral copies/ml of plasma) 30 min after 

administration and rapidly decreased. Four days 
later, Ad-stTRAIL remained below the limits of de-
tection (LOD) (2,500 viral copies/ml of plasma). 
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Figure 2. Biodistribution of Ad-stTRAIL in various tissues after single or multiple i.c. administration of Ad-stTRAIL. Ad-stTRAIL concentrations after (A) 
single administration of 1× 10

10
 VP/head and (B) multiple administrations of 3× 10

10
 VP/head. In the multiple administrations study, Ad-stTRAIL was 

injected 5 times with a 1-week interval, and sampling was performed on the 3rd, 7th, 30th and 60th day, respectively, after final injection (LOD: 500 copies 
of Ad-stTRAIL/μg total tissue DNA).

From these data, the PK parameters obtained 
were 3.7× 10

4
 viral copies x day/ml of plasma as 

AUC, 4.6× 10
4
 viral copies/ml of plasma as Cmax, 

and 1.5 h as T1/2 (Table 1).
    When Ad-stTRAIL is applied to human patients 
as an anti-cancer therapy, Ad-stTRAIL is expected 
to be repeatedly delivered to patient’s brain. Thus, 
also to check the changes of Ad-stTRAIL in the 
blood circulation when repeatedly delivered, we 
administered different doses of Ad-stTRAIL (3×
10

9
, or 3×10

10
 VP/head) for five times at a 1-week 

interval and then measured Ad-stTRAIL in the 
blood plasma (Figure 1B). For the group administered 
with 3×10

9
 viral particles (VP), Ad-stTRAIL reached 

a level below LOD three days after final admin-
istration in all the animals. Similarly, when ad-
ministered with 3× 10

10
 VP, Ad-stTRAIL also 

reached a level below LOD three days after final 
administration in eight out of ten animals. 
Regardless of the delivered viral doses, the viral 
levels in every individual animal reached a level 
below LOD from day 7 to day 60 following 
administration. Our data indicate that only a small 
portion of Ad-stTRAIL comes out of the brain due 
to the BBB and rapidly eliminated from the blood 
circulation. Furthermore, repeated delivery does 
not lead to an accumulation of Ad-stTRAIL in the 
blood plasma.

Biodistribution of Ad-stTRAIL in organs

We then next analyzed distribution of Ad-stTRAIL 
in major organs following administration to the 
brain. When 1×10

10
 Ad-stTRAIL was administered 

once, Ad-stTRAIL was detectable only in a few or-
gans including liver and spleen (Figure 2A). 
Nevertheless, the levels of Ad-stTRAIL in the or-
gans were significantly low (less than 2.7× 10

3
 vi-

ral copies/μg total DNA), when compared to the 
levels observed in the injected site of the brain (1.5

× 10
8
 viral copies/μg total DNA) at 30 min after 

administration. Ad-stTRAIL also rapidly disappeared 
from these organs and reached a level below LOD 
six days after administration. The peak amount of 
Ad-stTRAIL detected in the organs did not exceed 
0.0019% of that of the injected site.
    When Ad-stTRAIL was repeatedly administered 
at a dose of 3×10

9
, or 3× 10

10
 VP/head for five 

times at a 1-week interval, it was also detectable in 
several major organs on 3 days after final admin-
istration (Figure 2B). The peak amount of 
Ad-stTRAIL at this time point was as low as 
0.0003% of that of the injected site. Ad-stTRAIL 
decreased to a level below LOD seven days after 
the final administration. Our data indicate that 
Ad-stTRAIL escaping from the brain reaches or-
gans in a limited fashion and quickly disappears as 
time passes even after repeated administrations, 
suggesting that repeated administration of 
Ad-stTRAIL as a treatment regimen may be safe.

Distribution of Ad-stTRAIL in brain after a single 
administration

In addition to examining the systemic distribution 
(Figures 1 and 2), we also analyzed the local dis-
tribution of Ad-stTRAIL at the sections of brain, 
such as the injection site, the opposite injection site 
and CSF following delivery of Ad-stTRAIL into the 
brain. The opposite injection site refers to the brain 
tissues located at the diagonally opposite side of 
the injection site on the axis of the central brain. 
We administered 3×10

9
, 1×10

10
, or 3×10

10
 

Ad-stTRAIL per head once for each dose and 
measured Ad-stTRAIL at each target site. At the in-
jection site (Figure 3A), the levels of Ad-stTRAIL 
were sustained high for relatively longer period of 
time, although gradually decreased. For the group 
administered with 1×10

10
 VP, the levels of 

Ad-stTRAIL at the injection site were 1.5×10
8
 viral 
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Figure 3. Ad-stTRAIL distribution in 
brain after single i.c. administration 
of Ad-stTRAIL. Ad-stTRAIL concen-
tration in injected site (A), opposite 
site (B), and CSF (C). Profile of ex-
pressed stTRAIL proteins in brain 
after single administration of 1×10

10

VP/head dose of Ad-stTRAIL (D). 
(LOD: 500 copies of Ad-stTRAIL/μg 
total tissue DNA, 10,000 copies/ml 
of CSF, 25 pg of stTRAIL/mg tissue 
lysate)

                   Parameters Value 

AUC (viral copies*day/μg of tissue DNA) 4.2× 10
8

Cmax (viral copies/μg of tissue DNA) 1.5× 10
8

T1/2 (day) 2.2

Table 2. Pharmacokinetic parameters of Ad-stTRAIL at the injection 

site of brain after single i.c. administration (1× 10
10

 VP/head, 

500 copies of Ad-stTRAIL/μg total tissue DNA)

copies/μg total DNA at 30 min after administration. 
In this group, the levels of Ad-stTRAIL at day 31 

were 1.2× 10
4
 viral copies/μg total DNA (Figure 

3A) which is less than 0.01% of the peak. Based 
on the data collected, the PK parameters obtained 
for 1× 10

10
 VP delivered were 4.2×10

8
 viral cop-

ies×day/μg of tissue DNA as AUC, 1.5×10
8
 viral 

copies/μg of tissue DNA as Cmax, and 2.2 days as 
T1/2 (Table 2). The half-life of 2.2 days at the in-
jection site is much longer than that of 1.5 h in the 
blood circulation.
    Analysis of the viral levels at the opposite in-
jection site of brain revealed that the levels of 
Ad-stTRAIL started to increase 30 min after admin-
istration, reached the peak level (1.2× 10

6
 viral 

copies/μg total DNA) after 6 h, and then gradually 
decreased (Figure 3B). When administered with 1
×10

10
 VP, the peak level of Ad-stTRAIL at the op-

posite injection site of brain was 0.83% of the level 
measured at the first time following administration. 
Our data suggest that although diffused to the op-
posite injection site in a certain degree, most 
Ad-stTRAIL is restricted to the injection site in brain.
    We also examined whether Ad-stTRAIL is de-
tectable in the cerebrospinal fluid (CSF) through 
which Ad-stTRAIL can spread over the brain 
tissues. When administered with 1× 10

10
 VP, the 

levels of Ad-stTRAIL in the CSF were highest (2.7
×10

8
 viral copies/ml of CSF) 30 min after admin-

istration (Figure 3C). Six h later, the levels de-
creased to 1.8×10

7
 viral copies/ml of CSF which 

corresponds to 6.63% of the peak level. After 15 
days, the levels of Ad-stTRAIL reached to 1× 10

4
 

viral copies/ml of CSF, which is lower than LOD. 
Our data suggest that most Ad-stTRAIL exists at 
the injection site of brain and only a small portion 
of virus spreads over the brain tissues through the 
CSF.

Comparison of adenoviral distribution in brain 
between single and multiple administrations

When Ad-stTRAIL is applied to patients as an anti- 
cancer therapy, multiple administrations are expected. 
Thus, it is important to know the changes in dis-
tribution and pharmacokinetics of Ad-stTRAIL in 
brain following multiple administrations. To address 
these questions, we administered 3×10

9
 or 3×

10
10

 of Ad-stTRAIL to the brain of rats for one time 
or five times with a 1-week interval and analyzed 
distribution and pharmacokinetics of Ad-stTRAIL at 
the injection site, opposite injection site and CSF. 
Comparison results revealed that tissue distribution 
and pharmacokinetics of Ad-stTRAIL in brain were 
similar, regardless of delivery times (Table 3). 
Interestingly, multiple administrations at 1-week in-
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              Group Single administration group Multiple administrations group

                Day         2                          6                        31          3                          7                       30

Injected site of brain  1.2× 10
8
  1.4× 10

7
  3.4× 10

4
  1.3× 10

8
  6.1× 10

6
  1.1× 10

4
 

Opposite site of brain  1.2× 10
6
  7.9× 10

5
  1.9× 10

4
  5.0× 10

5
  1.2× 10

5
  4.2× 10

3
 

CSF  3.5× 10
7
  1.2× 10

5
  1.0× 10

1
  4.2× 10

6
  2.0× 10

4
  0

Unit: viral copies/μg total DNA for brain tissue/Viral copies/ml of CSF for CSF, LOD: 500 viral copies/μg of total DNA/10,000 viral copies/ml of CSF.

Table 3. Comparison of Ad-stTRAIL distribution in brain following single and multiple administrations of Ad-stTRAIL (3× 10
10

 VP/head group)

terval did not show any additive effects in viral levels. 
As observed early, the viral levels were higher at 
the injection site than the opposite injection site or 
CSF, although decreased gradually. Our data in-
dicate that multiple administrations of Ad-stTRAIL 
at 1-week interval do not lead to viral accumulation 
at the injected site and adjacent brain tissues.

Profile of expressed stTRAIL protein in brain after 
single administration of Ad-stTRAIL

Ad-stTRAIL expresses stTRAIL protein with an ac-
tivity of selectively inducing apoptosis in tumor 
cells. Since the levels of stTRAIL expressed are 
correlated with therapeutic efficacy of Ad-stTRAIL, 
pharmacokinetics of stTRAIL at the administered 
site is important to be analyzed. We administered 1
×10

10
 VP of Ad-stTRAIL into the brain of rats and 

measured the levels of stTRAIL protein at the in-
jection site and the opposite injection site as well 
(Figure 3D). The levels of stTRAIL protein at the in-
jection site and the opposite injection site were 
181.1 pg/mg tissue lysate and 38.7 pg/mg tissue 
lysate, respectively, two days after administration, 
and then gradually decreased to less than 25 
pg/mg tissue lysate at day 31, which is a level be-
low LOD. It took 3.2 days that the levels of stTRAIL 
decreased to 50% of its initial amount following ad-
ministration of Ad-stTRAIL. Our data indicate that 
expression of stTRAIL is restricted to the ad-
ministered brain tissues where most of the 
Ad-stTRAIL delivered exists. Pharmacokinetics of 
stTRAIL was similar to that of Ad-stTRAIL, al-
though there was a time delay required for ex-
pressing protein from the stTRAIL expression cas-
sette of Ad-stTRAIL.

Discussion 

In this study, we analyzed the distribution of an ad-
enoviral gene therapy vector, Ad-stTRAIL, in the 
plasma, brain and major organs after single or mul-
tiple intracranial administrations in SD rats. When a 
single dose of Ad-stTRAIL was administered to the 

brain, Ad-stTRAIL reached maximum concen-
tration in plasma at 0.5 h after administration 
(Figure 1A). Taking into account the typical body 
weight and volume of plasma of rats (average 
weight = 200 g; blood volume = 7% of weight; plas-
ma = 55% of blood volume), we estimate that the 
total amount of Ad-stTRAIL in plasma at its peak 
was approximately 3.2×10

5
 viral copies. This 

amount corresponds to 0.003% of the total dose 
administered (1× 10

10
 viral particles/head). Thus, 

our data indicate that only a small portion of the in-
tracranially administered Ad-stTRAIL reached the 
systemic blood circulation. 
    In accordance with the low levels of Ad-stTRAIL 
observed in the blood, Ad-stTRAIL was also observed 
only at low concentrations in various organs. 
Ad-stTRAIL concentrations were highest in the liv-
er and spleen, which is similar to observations 
made in previous studies on the PK/BD of ad-
enoviral vectors (Hiltunen et al., 2000; Ni et al., 
2005; Sharma et al., 2009). However, even at its 
peak level, Ad-stTRAIL concentrations in the liver 
and the spleen were significantly lower than in the 
brain and below detection limit by 6 days after 
administration. Considering the limited biodistribution 
observed in this study, we expect a benign toxicity 
profile of Ad-stTRAIL after intracranial administration. 
In a separate toxicology study using the same 
dose and route of administration, no histopatho-
logical abnormalities were observed in various or-
gans including the liver (unpublished results).
    The distribution of Ad-stTRAIL within the brain 
after intracranial administration of Ad-stTRAIL was 
also analyzed. While most of the Ad-stTRAIL was 
retained at the injection site, low levels of Ad- 
stTRAIL were detectable in other regions of the 
brain. Two days after intracranial injection, the con-
centration of Ad-stTRAIL at the injection site was 
more than 80-fold higher than at the opposite side 
of the brain. In contrast, TRAIL protein expressed 
from the Ad-stTRAIL vector showed a less pro-
nounced localization, with the concentration of 
TRAIL at the injection site being approximately 
5-fold higher than at the opposite side of the brain. 
The discrepancy between the Ad-stTRAIL dis-
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tribution and the TRAIL protein distribution may be 
attributed to the fact that the Ad-stTRAIL vector is 
designed to express TRAIL as a secretable pro-
tein, which is much smaller in size than the ad-
enoviral vector (MW of TRAIL approximately 67 
kDa as compared to 170,000 kDa for Ad-stTRAIL) 
and therefore spreads more easily within the 
tissue.
    Comparison between single and multiple admin-
istrations of the Ad-stTRAIL showed that the dis-
tribution and elimination profile of Ad-stTRAIL after 
multiple administrations was very similar to the sin-
gle administration profile, and no accumulation of 
Ad-stTRAIL was observed after multiple admini-
strations. The limitation in transfer of Ad-stTRAIL 
from the injection site to the blood circulation and 
organs after intracranial injection and the rapid 
clearance of the Ad-stTRAIL may have desirable 
consequences in terms of safety and efficacy, such 
as a lack of induction of unintended immune re-
actions directed against the adenoviral vector. 
Ad-specific immune reactions are generally ex-
pected after systemic or repeated intramuscular 
administration of adenoviral vectors and may neg-
atively impact the safety and efficacy of adenoviral 
gene therapy. However, our results suggest that 
Ad-directed immunity may be weak or absent after 
intracranial administration due to the very limited 
systemic exposure following this route of admini-
stration. In accordance with this assumption, we 
did not detect production of neutralizing antibodies 
against Ad-stTRAIL at 60 days after multiple intra-
cranial administrations (data not shown). 
    In conclusion, we investigated the biodistribution 
of Ad-stTRAIL after single and multiple intracranial 
administrations in rats. Most of the Ad-stTRAIL 
was retained at the injection site, and systemic ex-
posure was observed to be very low. Also, drug ac-
cumulation was not observed after multiple 
administrations. Based on these results, we expect 
a favorable safety profile of Ad-stTRAIL when used 
in a clinical setting for the treatment of glioma. The 
safety and efficacy of the Ad-stTRAIL gene therapy 
vector is currently being investigated in a phase I 
clinical trial in patients with recurrent malignant 
gliomas.

Methods

Preparation of recombinant adenovirus Ad-stTRAIL

An E1/E3-deleted replication-incompetent adenoviral vec-
tors was constructed through Cre-lox recombination (Hardy 
et al., 1997). Ad-stTRAIL amplified in 293F cells (Invitrogen, 
Carlsbad, CA) was purified using an anion exchange chro-
matography and an immobilized metal affinity chromatography. 

Purified virus was dialyzed using formulation buffer (10 
mM Tris [pH 7.5], 75 mM NaCl, 5% [w/v] sucrose, 0.02% 

[v/v] Tween-80, 1 mM MgCl2, 100 μM EDTA, 0.5% [v/v] 
Ethanol and 10 mM L-Histidine) and kept at -70

o
C until 

used.

Animal and intracranial delivery of Ad-stTRAIL 

5-week-old male and female Spraque-Dawley (SD) rats 
were used for all the experiments. For single administration 
study, animals received formulation buffer or three doses of 
Ad-stTRAIL (3×10

9
, 1×10

10
 or 3×10

10
 viral particles/30 

μl/head) for one time intra-cranially. Injection site was puta-
men region of brain, which was exactly localized at 3.1 mm 
right, 0.4 mm front and 6.0 mm deep from the bregma. For 
the study of multiple administrations, animals received in-
tra-cranially formulation buffer or two doses of Ad-stTRAIL 

(3×10
9
 or 3×10

10
 viral particles/30 μl/head) once a week 

for five times. The injection procedure for multiple admin-
istrations was the same as that performed in the study of 
single administration.

Tissue harvest and DNA isolation 

For the study of single administration, animals were sacri-
ficed 5 and 30 min, 1 h, 6 h and 2, 4, 6, 9, 11, 15 and 31 
days after administration of Ad-stTRAIL. Blood plasma was 
sampled at every time point. Brain tissues (from the in-
jection site and opposite injection site), CSF and major or-
gans tissues (from lung, heart, liver, kidney, spleen, testis, 
epididymis, and ovary) were isolated at the planned time 
points. For the study of multiple administrations, animals 
were sacrificed 3, 7, 30 and 60 days after final administration. 
Blood plasma, brain tissues, CSF and major organ tissues 
were sampled at every indicated time point. All the sam-
ples were stored at -70

o
C until analysis.

    Total DNA was extracted from 25 mg of tissue samples 

(in case of spleen, 10 mg), 200 μl of plasma or 50 μl of 
CSF using the QIAamp DNA mini kit (Qiagen, Hilden, 
Germany) after 3 h of tissue lysis according to the manu-
facturer’s instructions. DNAs extracted were kept at -20

o
C 

until analysis.

Quantitative real-time PCR analysis 

The primers and probe were designed to target the junc-
tion region between TRAIL gene and viral backbone se-
quence in order to distinguish Ad-stTRAIL from wild-type 
adenovirus type 5. The primer sequences were 5’-AGC 
CGCTCCGACACC-3' and 5'-GGCTATGAACTAATGACCC 
CGTAATTG-3', and the probe sequence was FAM-5'-CGA 
GTGTTGACATTGATTATTGACTAGTTA-3'-TAMRA. 
Quantitative PCR (qPCR) was performed using the ABI 
Prism 7900 HT (Applied Biosystems, Carlsbad, CA). The 
total DNA isolated from specimens was quantified by UV 
spectrophotometer, and 100 ng of DNA for each reaction 
was analyzed by qPCR. The limit of detection was 50 cop-
ies of Ad-stTRAIL/100 ng total DNA. For plasma, qPCR 

was performed using 5 μl of eluate DNA and the limit of de-
tection was 2,500 copies of Ad-stTRAIL/ml of plasma. For 

CSF, qPCR was performed on 5 μl of eluate DNA and the 
limit of detection was 10,000 copies/ml of CSF. The qPCR 
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reaction was performed for 40 cycles with a 15 second de-
naturing step at 95

o
C and a 1 min annealing/extension 

step at 60
o
C. The levels of Ad-stTRAIL were determined 

by analyzing a standard DNA curve, ranging from 10
8
 to 

10
2
 viral copies, and expressed as the number of viral cop-

ies per microgram of total tissue DNA, per milliliter of blood 
plasma or CSF. Viral genomic DNA extracted from 
Ad-stTRAIL was used as standard materials, and 
Easydilution buffer (TAKARA, Shiga, Japan) containing 
100 ng of normal SD rat’s brain tissue DNA was used as a 
diluent. Calculation of pharmacokinetic parameters was 
performed using the WinNonLin S/W (Pharsight, Mountain 
View, CA).

stTRAIL ELISA 

ELISA analysis for stTRAIL was conducted as described 
before (Kim et al., 2006). Briefly, the brain tissues from the 
virus injection site were lysed using lysis buffer (25 mM 
Tris [pH 7.4], 50 mM NaCl, 0.5% Na-Deoxycholate, 2% 
NP-40, 0.2% SDS, 10% [v/v] protease inhibitor cocktail 
[Sigma, St. Louis, MO]). After measuring protein concen-
trations, lysates were diluted to 2.5 mg/ml concentration 

and 100 μl of diluted lysates were subjected to ELISA. The 
plates were coated with anti-human TRAIL antibody 
(Peprotech, Rocky Hill, NJ) and blocked with a blocking 
solution (2% BSA in PBS), followed by incubation with ly-
sates or rhTRAIL (R&D Systems, Minneapolis, MN) as a 
standard. After incubation, the plates were treated with bio-
tinylated anti-human TRAIL antibody (Peprotech), and fol-
lowed by treatment with avidin-HRP (1/1,000 dilution). 
ABTS solution (Sigma) was treated for color development, 
and which was measured by reading absorbance at 405 nm.
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