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Mock Ad-L2 AdRGD-L2

SOCS1

IL-6

GAPDH

Fig.1 SOCS]I expression in Ad vector-transduced RAW264.7 cells.

Total mRNA samples were isolated from RAW264.7 cells 6 h after the transduction of Ad-L2 or
AdRGD-L2 (10,000 VP/cell). After the reverse transcriptase reaction, SOCS1 and IL-6 mRNA
levels were measured by semiquantitative RT-PCR assay.
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* P<0.05 ; ** P<0.01

Fig. 2 Ad vector-mediated induction of cytokine production in RAW264.7-SOCSI cells.
The expression of SOCS1 in RAW264.7-SOCSI cells was detected by Western blot analysis (A).
IFN- 7 -activated RAW264.7-neo cells and RAW264.7-SOCSI1 cells were stimulated by Ad-L2 or
AdRGD-L2 (10,000 VP/cell) for 24 h. The concentration of IL-6 and TNF-« in the cultured
supernatants was measured by ELISA (B). All data are represented as the means =+ S.D. (n=3).
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Fig.3 Transgene expression in the liver and spleen by the systemic administration of Ad

vectors.

Ad-SOCS1-mediated SOCS1 expression in the liver and the spleen was examined at 1, 2, 3, and
6 h after i.v. injection of Ad vectors, as determined by Western blotting (A). Luciferase
production in the liver and the spleen was examined at 1, 2, 3, and 6 h after i.v. injection of Ad-
L2, as determined by luciferase assay (B). M; Mock
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-
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Fig. 4 Inflammatory cytokine production after the systemic administration of Ad-L2 or Ad-
SOCS]1 into mice.
Ad-L2 or Ad-SOCS1 (5 % 10'° VP/mouse) was i.v. injected into mice. Six hours later, blood samples
were collected from the inferior vena cava, and the concentrations of IL-6 and IL-12 in the serum was

measured by ELISA. All data are represented as the means = S.D. (n=3~4).

N.D.; not detectable
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Fig. S Inflammatory cytokine/chemokine production after the systemic administration of Ad-L2
or Ad-SOCSI into mice.

Ad-L2 or Ad-SOCSI1 (5 % 10'% VP/mouse) was i.v. injected into mice. Six hours later, blood samples
were collected from the inferior vena cava, and the concentrations of IL-1b, IL-10, TNF-a, RANTES,
and MCP-1 in serum of Ad vector-injected mice were measured by Bio-plex. All data are represented
as the means & S.D. (n=3~4). :

25



(A)
g, 800 g 2000
o =
§§D 600 S E 1500
35 400 5 & 1000
©O
- 200 = 500
= ™
= N.D. _ND. N j_
Mock Ad-null Ad-SOCS1 Mock Ad-null Ad-SOCS1
+ Ad-L2 + Ad-L2
(B) (C)
o= a0 Mock
S 510" [ m Ad-null+Ad-L2 *
S 510° [ @ Ad-SOCSI+Ad-L2 2 250 1
g S 2 E 200
SIS < 5 150
g $10° = 2 100
| 10| <% B
5 £1079 ' ' ' ' o mm
ks fg‘j Heart Kidney Liver Mock Ad-null Ad-SOCS1
Lung Spleen + Ad-L2
o * P<0.05

Fig. 6 Inflammatory cytokine production, luciferase production, and liver toxicity after
the systemic co-injection of Ad-L2 and Ad-SOCSI1 into mice.

Ad-L2/Ad-null or Ad-L2/Ad-SOCS1 were intravenously co-injected into mice (Ad-L2: Ad-
SOCS1=1:9; total 5 x 10!° VP/mouse). Blood samples were collected from the fundus oculi at 6
h (A) or 24 h (C) after injection. The heart, lungs, kidneys, liver and spleen were harvested at 24
h (B and D) following the injection. A, The concentrations of IL-6 and IL-12 in the serum were
measured by ELISA. B, Luciferase production in each organ was measured using a luciferase
assay system. C, ALT levels in the serum were measured using a Transaminase-CIL kit. D,
Paraffin sections of the livers were prepared, and each section was stained with H&E. The
arrowheads indicate dead cells. All data are represented as the means &= S.D. (n=3).
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Fig. 7 JAK2 inhibitor II suppresses the Ad vector-mediated cytokine production and luciferase
production in RAW264.7 cells.

RAW264.7 cells pre-treated with [IFN-g were incubated with JAK2 inhibitor IT (50 1« M) for 1 h and the
cells were stimulated by Ad vectors for 24 h. A, The concentrations of IL-6 and TNF- & in the cultured
supernatants were measured by ELISA. B, Luciferase production in the cells was examined using a
luciferase assay system. All data are represented as the means = S.D. (n=3).

*

| | Fig. 8 Ad vector-mediated induction of

600 cytokine production in RAW-STAT5DN
.g 500} O neo J cells.
= B STAT5 DN IFN-y-activated RAW-neo cells and RAW-
fé = 400} STATSDN cells were stimulated by Ad-L.2 or
o ;fo AdRGD-L2 (10,000 VP/cell) for 24 h. The
g g 300} concentration of IL-6 in the cultured
é 200} supernatants was measured by ELISA (A). All
B data are represented as the means = S.D. (n=3).
= 100}

Mock Ad-L2 AdRDG-L2
* P<0.05

27



0 05 1 2 4 8 LPS (hr)

Fig. 9 X and Y mRNA expression was induced in RAW264.7 cells upon LPS
stimulation.

RAW264.7 cells were cultured with LPS (1 mg/ml) for the indicated length of time
(hours). Total RNA from these cells was converted into cDNA. Equal amounts of
cDNA from each sample was used as a template for PCR to amplify X (top), Y
(middle), and GAPDH as a dose control (bottom).

0 05 1 2 4 LPS (hr)

B-actin

Fig. 10 Protein expression of X was induced in RAW264.7 cells upon LPS
stimulation.

RAW264.7 cells were cultured with LPS (1 mg/ml) for the indicated length of time
(hours). Cell extracts were prepared from these cells and subjected to immunoblot
analysis with anti-X antibody (top). This blot was reprobed with anti-b-actin antibody
to control for the amount of the extracts used (bottom).
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A X mock

Clone No. 19 20 27 28 29 30 33 1 C2 C3 PC

B X mock

Subclone No. 3313 3314 3315 3316 3317 3318 3319 3320 3321 C1 PC

Fig. 11 Establishment of RAW264.7- stable transfectant overexpressing
protein X.

RAW264.7 cells were stably transfected with cDNA encoding X as described in
materials and methods. (A) Cell extracts from G418 resistant cells were subjected to
western blot analysis with anti-X antibody. (B) Subcloning of X/RAW clone No.33.
Cell extract from RAW264.7 cells stimulated with LPS for 4 hr was used as a
positive control (PC), and stably transfected with mock vector (pcDNA3) was used
as a negative control (NC).
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Fig. 12 Cell viability of A549 cells transduced with Ad-eAp50-L3.

A549 cells were transduced with 3000 wvp/cell od Ad-L3, Ad-eAp50-L3, Ad-
eAp50control-L3 for 1.5h. After 24 h-cultivation, the cell viability was measured using
the Alamar blue assay. Data are expressed as means = SD of triplicate culture.

(A) (B)
16 c 14 -

) 14 g 12

£ g2 1 LPS
c < ’

o x 10 OO ug/mi
.8 <

® = 8- m1pug/ml
S x

< € 5

: ?

£ Noa

o

i = 2

= s

g , mn §
- RN BN
Q o, )
00(\ b'e’v.
Q"J Ny
X
50
v

Fig. 13 Ad-eAp50 vector-mediated suppression of cytokines on the LPS-stimulated
MS-1 cells.

The MS-1 cells were transduced with 3000 vp/cell of Ad-L3, Ad-eAp50-L3, or Ad-
- eApS0control-L3 for 1.5 h. After 24 hr-cultivation, cells were stimulated with LPS (1
mg/ml) in DMEM containing 10% FCS for 24 h. IL-6 levels in their supernatants were
measured by ELISA (A). Total mRNA samples of stimulated cells were isolated, and IL-
6 cDNA were measured using the quantitative TagMan PCR assay after the RT reaction
(B). Data are expressed as means = SD of triplicate culture.
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Fig. 14 Ad-eAp50 vector-mediated suppression of NF-xB in A549 cells.

The cells, which were transfected with the renilla reniformis luciferase reporter plasmid (p-ELAM-
RL), were transduced with 3000 vp/cell Ad-L3, Ad-eAp50-L3, Ad-eAp50control-L3 for 1.5 h.
After 24 hr-cultivation, cells were stimulated with LPS (10 mg/ml) in MEM containing 10% FCS
for 1 h, and renilla reniformis luciferase activity was measured using the dual-luciferase reporter
assay system. Renilla reniformis luciferase activity was normalized by the amount of proteins of the
cell lysate. Data are presented as the means £ SE of triplicate culture.
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Fig. 15 Induction of various inflammatory cytokines by intravenous injection of Ad vectors.

A final volume of 200 ml of Ad vectors (5X10'9 VP/mouse) was injected intravenously into each
mouse. After the indicated time had passed following the Ad injection, peripheral blood serum was
collected, and the concentration of IL-6 (A) and IL-12 (B) were measured by ELISA. All data are
expressed as mean = S.D. of 3 mice per group.
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Fig. 16 Luciferase production in mice after intravenous administration of Ad vectors.

A final volume of 200 ml of Ad vectors (5X10'9 VP/mouse) was injected intravenously into
each mouse. After 48 h, each organs were harvested, and luciferase production and protein
concentration were measured. All data are expressed as mean 2= S.D. of 3 mice per group.

Table 1 The percentage of GFP-positive cells in various types of splenic cells in Ad-GFP1-
injected mice.

Ad-GFP1 (5 X 10'° VP/mouse) was intravenously injected into mice. After 6 h post-injection, the
splenic cells were collected and stained with PE-labeled monoclonal anti-mouse CD11c¢ antibody and
APC-labeled monoclonal anti-mouse CD86 antibody. The cells were then subjected to flowcytometric
analysis. All data are represented as the means & S.D. (n=5). *p<0.05 vs Mock

% of GFP” cells
Cell type Mock Ad-GFP1
cDCs (CD11c™e", B220) 0.17+0.29 13.02£1.67*
pDCs (CD11c™¢, B220") 0.03%0.06 2.661.11%
B cell (CD11c’, B220Y) 0.00£0.00 .12+0.13
Others 0.00+0.00 1.64+0.39
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The Journal of Immunology

Adenoviral Expression of Suppressor of Cytokine Signaling-1
Reduces Adenovirus Vector-Induced Innate Immune
Responses’

Haruna Sakurai,*' Katsuhisa Tashiro,*" Kenji Kawabata,* Tomoko Yamaguchi,*
Fuminori Sakurai,* Shinsaku Nakagawa,” and Hiroyuki Mizuguchi®*"

Adenovirus (Ad) vectors are among the most commonly used viral vectors in gene therapy clinical trials. However, the application
of Ad vectors has been limited to local injection in many cases, because the systemic administration of Ad vectors triggers innate
immune responses such as inflammatory cytokine production and tissue damage. To overcome this limitation, it will be necessary
to develop safer Ad vectors less likely to induce the innate immune response. In the present study, we demonstrated that a
suppressor of cytokine signaling-1 (SOCS1)-expressing Ad vector, Ad-SOCS1, reduces the innate immune response induced by Ad
vectors. RAW264.7-SOCS1, a macrophage-like cell line that stably expng:sgé{ SOCS1, was shown to produce lower levels of

inflammatory cytokines after the transduction of Ad vectors. The systemic’
reduced production of inflammatory cytokines, as compared with th
vector, Ad-L.2. Furthermore, the coadministration of Ad-L2 with}
liver toxicity as compared with injection with Ad-L.2 alone, and thi'é )

in various organs. The JAK/STAT pathway was invo
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ministration of Ad-SOCS1.into mice elicited the
lumferase expressmg Ad

elncnted y control Ad vectors, |

er than human (e.g., Ad types 11 and 35. and chimpan-

% ee‘"Ad) have been developed (8-12). As regards the innate im-

mune response elicited by Ad vectors, it is characterized by an
acute production of inflammatory cytokines/chemokines, such as
IL-6 and IL-12; tissue damage occurs within several hours after the
injection of Ad vectors. Splenic dendritic cells (DCs), especially
conventional DCs (cDCs), are responsible for the Ad vector-me-
diated production of inflammatory cytokines/chemokines, leading
to the activation of an innate immune response (2, 13—-16). Unlike
that of adaptive immunity, the molecular mechanism of innate im-
munity elicited by Ad vectors is not well-understood (2—-4). Thus,
it remains important to clarify the mechanism of the innate im-
mune response by Ad vectors, as well to develop advanced Ad
vectors that will produce less of an innate immune response.
The suppressor of cytokine signaling-1 (SOCS1) was initially
identified as an intracellular negative-feedback molecule that in-
hibits the JAK-STAT activation initiated by various cytokines, in-
cluding IFN-v, IL-6, IL-4, and IL-12 (17-19). Although SOCS1-
deficient (knockout (KQO)) mice are normal at birth, they show
stunted growth and die within 3 wk of age due to a syndrome
characterized by severe lymphopenia, activation of peripheral T
cells, fatty degeneration, and necrosis of the liver, as well as mac-
rophage infiltration of the major organs (20. 21). These patholog-
ical alterations are reduced in IFN-vy-deficient SOCS1 KO mice
(22, 23). SOCSI1 in DCs negatively regulates antigenic peptide
presentation and cytokine production in response to stimulation
with cytokines and microbial products (24, 25). Moreover, the
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2 SUPPRESSION OF Ad VECTOR-INDUCED INNATE IMMUNITY BY SOCS1

suppression of LPS-induced innate immunity by SOCS1 has been
reported by several groups (26-28), indicating that SOCS1 nega-
tively regulates both adaptive immunity and innate immunity.

In the present study, the Ad vector-mediated innate immune
response was successfully reduced not only by injection of Ad-
SOCSI alone, but also by coinjection of transgene-expressing Ad
vectors with Ad-SOCS1. We also found that JAK/STAT signaling
is involved in the inflammatory cytokine production induced by
Ad vectors. Thus, Ad-SOCS1 might be a useful tool for attenuat-
ing innate immunity in the context of systemic administration of
transgene-expressing Ad vectors.

Materials and Methods

Animals and cell lines

C57BL/6 female mice aged 6—8 wk were obtained from Nippon SLC, and
all animals were maintained under specific pathogen-free conditions. The
mouse macrophage cell line, RAW264.7, were cultured in DMEM con-
taining 10% FCS. RAW-STATSDN cells (mutated RAW264.7 cells that
stably express the dominant-negative (DN) mutant of STATS) and RAW-
neo cells were cultured in RPMI 1640 containing 10% FCS (both cell lines
were donated by Dr. T. Naka, National Institute of Biomedical Innovation,
Ibaraki, Osaka. Japan).

RAW264.7 transfectant cells

For the construction of the mouse SOCS1-expressing plasmid ( RESneo-
SOCSl) SOCS!1 cDNA (provxded by Dr. A. Yoshxmura Kyus

driven luciferase expression cassette, lrywmch t
denved from the pGL3-Control (Pr mega), was in

AdRGD-L2 contains
has high affinity for int
exhibits efficient transdy
ievirus and adenoviru the 5
ved fn vitro ligation

FEDNA was cloned

fices ﬁanked by the I-Ceul and PI-Scel
sites, thus yielding pHMCMYV10- mSOCS]1. pAdHM4-SOCS1 was
constructed by ligation of I-CealfPI-Scel-digested pAdHM4 and I-Ceul/
Pl-Scel-digested pHMCMV 10-mSOCS|. To generate the virus, pAdHM4-
SOCSI was digested with Pacl and purified by phenol-chloroform extrac-
tion and ethanol precipitation. Linearized DNAs were transfected into 293
cells with SuperFect (Qiagen) according to the manufacturer’s instructions.
The viruses were amplified in 293 cells. Before virus purification, cell
lysates were centrifuged to remove cell debris and were digested 30 min at
37°C with 200 pg/ml DNase I and 200 pg/ml RNase A in the presence of
10 mM MgCl,. Viruses were purified by CsCl, step gradient ultracentrif-
ugation followed by CsCl, linear gradient ultracentrifugation. The purified
viruses were dialyzed against a solution containing 10 mM Tris-HCI (pH
7.5), 1 mM MgCl,, and 10% glycerol and were stored at —80°C. Viral
particle (VP) and biological titers were determined by a spectrophotomet-
rical method (31) and by using an Adeno-X Rapid Titer kit (BD Clontech),
respectively. The ratios of the biological-to-particle titer were 1:8. 1:8,
1:12, 1:7, and 1:11 for Ad-L2, AJRGD-L2, Ad-SOCSI1, Ad-GFP1, and
Ad-null, respectively.

moter/enhancer and intron A se

Ad vector-mediated transduction in vivo

Ad vectors (5 X 10'° VP/mouse) were injected into C57BL/6 mice via the
tail vain. The heart, lung. liver. kidney, spleen. and peripheral blood were
subsequently isolated at the appropriate times. The organs were then ho-
mogenized with a hand-held homogenizer in lysis buffer (0.05% Triton
X-100. 2 mM EDTA, 0.1 M Tris-HCI (pH 7.8)). After the samples were
frozen and thawed. the homogenates were centrifuged at 15.000 X g at 4°C
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FIGURE 1. SOCSI1 expression in Ad vector-transduced RAW264.7
cells. Total mMRNA samples were isolated from RAW264.7 cells 6 h after
the transduction of Ad-L2 or AARGD-L2 (10,000 VP/cell). After the re-
verse transcriptase reaction. SOCS1 and IL-6 mRNA levels were measured
by semiquantitative RT-PCR assay.

for 10 min. and the supernatants were collected. Luciferase production in
the supernatants was determined by using a luciferase assay system
(PicaGene 5500; Toyo Ink). The protein content was measured with a BCA
protein assay (Pierce) using BSA as a standard.

Cytokine measurement

RAW264.7 cells (} X 10° cells) seeded on 24-well plates were pretreated
with IFN-y (200 ng/ml) overnight and the cells were then washed with
medium. Aftertreatment with JAK?2 inhibitor 11 (50 uM; Calbiochem) for
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FIGURE 2. Ad vector-mediated induction of cytokine production in
RAW264.7-SOCS1 cells. The expression of SOCS1in RAW264.7-SOCS|
cells was detected by Western blot analysis (A). IFN-y-activated
RAW264.7-neo cells and RAW?264.7-SOCS! cells were stimulated by
Ad-L2 or AARGD-L.2 (10,000 VP/cell) for 24 h. The concentration of IL-6
and TNF-a in the cultured supernatants was measured by ELISA (B). All
data are represented as the means = SD (n = 3).
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Research Laboratory (Osaka. Japah).

Western blot analysis o

The organs or cells were homogenized with lysis buffer (organ: PBS con-
taining 1% Triton X-100 and 2 mM EDTA: cells: 1% Nonidet P-40. | mM
EDTA, 25 mM Tris-HC!, 5 mM NaF, and 150 mM NaCl) containing pro-
tease inhibitor mixture (Sigma-Aldrich). After being frozen and thawed,
the homogenates were centrifuged at 15,000 X g at 4°C for 10 min, and the
supernatants were collected. The lysates were subjected to SDS-PAGE on
15% polyacrylamide gel and were then transferred onto polyvinylidene
fluoride membranes (Millipore). After the reaction was blocked with 5%
skim milk in TBS containing 0.1% Tween 20 at room temperature for 1 h,
the membranes were incubated with rabbit anti-SOCS1 Ab (diluted 1/20;
Immuno-Biological Laboratories). mouse anti-a-tubulin Ab (diluted 1/200;
Santa Cruz Biotechnology), or mouse anti-f actin Ab (diluted 1/5000;
Sigma-Aldrich) at 4°C overnight, followed by reaction with HRP-conju-
gated anti-rabbit IgG or anti-mouse IgG (Cell Signaling Technology) at
room temperature for 1 h. The band was visualized by ECL Plus Western
blotting detection reagents (GE Healthcare) and the signals were read using
a LAS-3000 imaging system (FUJI Film).

In vitro luciferase assay

RAW264.7 cells (1 X 107 cells) seeded on 24-well plates were pretreated
with [FN-y (200 ng/ml) for overnight and the cells were then washed with
medium. After treatment with JAK2 inhibitor II (50 uM; Calbiochem) for
1 h, the cells were stimulated with 10,000 VP/cell of the Ad vectors for

24 h and were then washed with PBS. Cells were incubated with 100 ul of
cell lysis buffer (LC-B: Toyo Ink) for 15 min and were then scraped off the
plates using a cell scraper. After being frozen and thawed, the cell lysates
were centrifuged at 15,000 X g at 4°C for 10 min, and the supernatants
were collected. Luciferase production in each supernatant was determined
using a luciferase assay system (PicaGene 5500; Toyo Ink).

Flow cvtometric analysis of transgene expression in Ad
vector-transduced ¢DCs

Six hours following the i.v. injection of Ad-GFP1 (5 X 10'® VP/mouse),
the mice were sacrificed and the spleens were collected. After the hemo-
lysis, splenic cells were stained with PE-labeled monoclonal anti-mouse
CD11c Ab (BD Biosciences) and allophycocyanin-labeled monoclonal anti-
mouse B220 Ab (BD Biosciences) in the presence of anti-CD16/32 to
block any nonspecific binding. The stained cells were washed and analyzed
by FACSCanto (BD Biosciences), followed by analysis using CellQuest
software (BD Biosciences).

Results
Ad vector-mediated inflammatory cytokine production in
macrophages was suppressed by the overexpression of SOCSI

Transduction of Ad vectors into immune cells such as macro-
phages and DCs induces the production of inflammatory cytokines
(14), although the molecular mechanism is not well-understood.
Recently, we performed a DNA microarray analysis of the liver
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and spleen of Ad vector-injected mice and found that SOCS1 was
up-regulated in the liver of Ad vector-injected mice (our unpub-
lished data). Because SOCS1 has been shown to negatively regu-
late the immune response of macrophages in pathological stimu-
lation (28, 32), we hypothesized that SOCS1 might suppress Ad
vector-mediated inflammatory cytokine production in immune
cells. Initially, we examined the induction of SOCS1 mRNA ex-
pression after the transduction of Ad vectors into immune cells.
We selected a mouse macrophage-like cell line, RAW264.7, as a
model of immune cells, because this cell line is commonly used in
studies of innate immune responses to pathogens (28, 33). We used
the luciferase-expressing Ad vector containing the RGD peptide in
the HI loop of the fiber knob (AdRGD-L2) (29) as well as the
luciferase-expressing conventional Ad vector (Ad-L2) for in vitro
analysis. AARGD-L2 transduces well even into macrophages that
do not express coxsackievirus and adenovirus receptor, CAR. via
interaction between the RGD peptide and «, integrin on the cells.
AdRGD-L2 induces a stronger immune response than does the
conventional Ad vector when immune cells lacking CAR expres-
sion are treated with the same dose of Ad vectors. Six hours after
the transduction of AJRGD-L2, the up-regulation of IL-6 mRNA
was detected in RAW264.7 cells, indicating that the transduction
of AARGD-L2 elicited the innate immune response in RAW264.7
cells (Fig 1). The up- regulation of SOCSl mRNA was zalso de-

pression. These results suggest that the ]
Ad vectors might induce SOCSI t
mune response.

3 does not suppress the
production of other cytokines; cludmg TNF - (28). These results
suggest that SOCS| inhibits Ad vector-mediated inflammatory cy-
tokine production in RAW264.7 cells and that the immune signal
activated by Ad vector transduction in RAW?264.7 cells might dif-
fer from that activated by LPS.

SOCS1-expressing Ad vector suppresses Ad vector-mediated
innate immune response

In animals, the systemic administration of Ad vectors results in the
initiation of a strong innate immune response and inflammation
(2), and this toxicity limits the utility of Ad vectors for gene ther-
apy. Because SOCS|1 suppresses the inflammatory cytokine pro-
duction by Ad vectors in vitro, we expected that SOCS1 might
suppress the in vivo innate immune response triggered by Ad vec-
tors. To test this hypothesis, we injected the SOCS I-expressing Ad
vector. Ad-SOCSI. i.v. into mice, and the serum levels of IL-6 and
1L-12 at 6 h postinjection were examined. We could not detect any
type I IFNs at early time points (1-6 h) after the injection (data not
shown). The complete elimination of IL-6 was observed in the
serum of Ad-SOCS]1-injected mice 6 h postinjection. while only a
partial elimination of IL-12 was observed in the serum of Ad-
SOCS 1-injected mice (Fig. 3A). The Ad vector-mediated induction

A
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z Ad-L2 Ad-SOCS1
o
hours post-injection)
<« SOCS1
<+ o -tubulin
Spleen
z Ad-L2 Ad-SOCS1
5]
21236 1 2 3 6 (hours postinjection)
g « SOCSt
“ g -tubulin
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c =0~ Mock; Spleen
Rl L
3 = 108 =}~ Mock; Liver
2L,
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3 810
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time after the injection Q\)

e liver and spleen by the sys-
y d-S6CS1-mediated SOCS]1 expres-
/a$ examined at 1, 2, 3, and 6 h after i.v.
determined by Western blotting (A). Luciferase
. examined at 1, 2, 3, and 6 h after
uciferase assay (B).

ig. 38) We did not detect any induction of IL-10 in the
Ad vector-m]ected mice at 6 h postinjection.

We previously demonstrated that cytokines are mainly produced
h the spleen after the systemic injection of Ad vectors (13). Be-
cause the suppressive effect of SOCS1 in Ad vector-mediated cy-
tokine production in vivo was observed 6 h after the injection, Ad
vector-mediated SOCS1 expression must occur before the 6 h
postinjection time point. Thus, we performed a Western blot anal-
ysis to examine the expression of SOCS! in the liver and the
spleen of Ad vector-injected mice at early time points (Fig. 4A).
The liver and the spleen were selected because Ad vector-mediated
transgene expression mainly occurs in the liver (34), while Ad
vector-induced cytokine production mainly occurs in the spleen
(13). We also examined the luciferase production of Ad-L2-in-
jected mice at time points earlier than 6 h postinjection. because
luciferase assay is much more sensitive than is Western blot anal-
ysis. SOCS1 expression was almost negligible until 3 h postinjec-
tion by Western blot analysis (Fig. 4A); however, luciferase pro-
duction by Ad-L2 was detected even 1 h after the injection (Fig.
4B), indicating that Ad vector-mediated SOCS1 expression could
potentially occur at least 1 h after the injection although expression
levels of SOCS1 were below the Western blot detection limit. A
faint band showing SOCS1 expression was also detected in the
spleen at 6 h following Ad-L2 injection (Fig. 4A). We previously
revealed that splenic ¢DCs mainly produce inflammatory cyto-
kines in response to the systemic injection of Ad vectors (13). Itis
possible that Ad-SOCS1 mediates SOCS1 expression in splenic
¢DCs and reduces cytokine production via the systemic injection
of Ad vectors. To confirm this possibility, we examined the cell

_ type of splenic cells transduced with Ad vectors in the spleens of

Ad vector-injected mice. GFP-expressing Ad vectors, Ad-GFPI,
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Table I. The percentage of GFP-positive cells in various types of
splenic cells in Ad-GFPI-injected mice”

% of GFP*
Cells
Cell Type Mock Ad-GFPI1
¢DCs (CD11c"e" B2207) 0.17 £0.29 13.02 = 1.67*
pDCs (CD11c™9, B220™) 0.03 + 0.06 266 = 1.11*
B cell (CDl1c™, B220%) 0.00 + 0.00 0.12 * 0.13
Others 0.00 * 0.00 1.64 = 039

2 Ad-GFP1 (5 X 10" VP/mouse) was i.v. injected into mice. After 6 h postin-
jection. the splenic cells were collected and stained with PE-labeled monoclonal anti-
mouse CDI1lc Ab and allophycocyanin-labeled monoclonal anti-mouse CD86 Ab.
The cells were then subjected to flow cytometric analysis. All data are represented as
the means * SD (n = 5). *, p < 0.01 vs Mock.

were i.v. injected into the mice, and FACS analysis was per-
formed. At 6 h postinjection of Ad-GFPI1, 13.2% of the splenic

T1L,AQ:F cDCs expressed GFP (Table I), suggesting that Ad vector-medi-

ated SOCS1 expression in splenic ¢cDCs does suppress the Ad
vector-mediated innate immune response in vivo.

We next hypothesized that the coinjection of Ad-L2 with Ad-
SOCS1 might inhibit the innate immune response while retaining
luciferase production. To examine this possibility, weginjected

1000

mixed Ad vectors which were created by mixing Ad-L2 and Ad-
SOCS1 at a VP ratio of 1:9. and the production of inflammatory
cytokines was measured. We used Ad-null, a transgene-deficient
Ad vector, as a control vector. At 6 h after the injection of the
mixed Ad vectors, IL-6 levels were completely diminished when
Ad-L2 was coinjected with Ad-SOCS1. whereas the levels of
IL-12 were only partially reduced (Fig. 5A). These data are similar
to those obtained with Ad-SOCS1-only-injected mice (Fig. 3A).
Importantly, luciferase production in the organs was maintained at
high levels, even with the coinjection of Ad-SOCSI1; these results
were similar to those observed in the control group, in which mice
were injected with Ad-null and Ad-L2, although in the kidney and
spleen, luciferase production was somewhat reduced (Fig. 5B). We
also examined the suppressive effects of SOCS1 in Ad vector-
induced liver damage, because liver damage is to some extent
caused by the Ad vector-induced innate immune response (13).
Therefore, GPT activity in the serum was measured. Coinjection of
Ad-L2 with Ad-null led to high levels of serum GPT activity at
24 h postinjection, while that of Ad-L2 with Ad-SOCSI1 did not
i ighificant GPT activity (Fig. 5C). Histological analysis
re damages, including cell degth, in the livers from
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