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AT CC(Rockville, MD, USA)
neuro- 2a 10% (GIBCO, Grand lIsland,
NY, USA), 28 ¢g/L HEPES (Sigma, St. Louis, MO, USA), 22 ¢g/L

NaHCOs(Sigma) 100 p g/mL  penicillin(GIBCO), 100 U/mL
streptomycin (GIBCO) Minimum essential media(MEM, GIBCO)
5% CO: 37
2. retroviral PA317
IL-16 pLNC/IL- 16 (Fig. 1)

. Amphotrophic packing (PA317 )
5x 10° 60 mm 10%
Dulbecco’s Modified Eagle Medium(DMEM, Sigma)

70- 80% calcium- phosphate
retrovirus 800 upg/mL
G418(Geneticin®, GIBCO) DMEM pLNC/IL- 16
.12 - 15 G418
cloning
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|
|LTR I NEO—cmv] IL-16 F{LTR |

Fig.1. Structure of the recombinant retroviral vector (LNC/IL-16). LTR:
long terminal repeats; NEO:neomycin resistance gene;
CMV:cytomegalovirus promoter; IL-16:interleukin-16 gene

3. retrovirus
IL-16 retrovirus master
packing cell line G418 cloning
target cell line NIH-3T3 : NIH-3T 3
six-well plate well 2x 10° plating ,
DMEM 10", 10%, 10°, 10, 10°, 10°, 10"
, 1 mL
NIH-3T 3 . 30 dish
.3
4 mL DMEM
48 800 pg/mL
G418 DMEM 2 mL well
48 : 12-15 G418

methylalcohol/ methylene blue

retrovirus Kriegler®

titer = (number of colonies in highest dilution) x (dilution)



retrovirus clone(PA317/LNC/IL - 16)

4. retrovirus
1x10° neuro- 2a 6 well
retrovirus PA317/LNC/IL- 16 clone 1 mL
8 ug/mL  polybrene .4 G418
MEM 4 mL 48 500 ug/mL
G418 MEM 10 - 14
G418 5 (neuro- 2a/IL - 16)
5. IL- 16
Wild type neuro-2a G418 5
1x 10° 6 well , 1 mL
MEM 24
045 pm syringe filter IL-16

mouse IL-16 ELISA kit (Endogen, Co., Woburn, MA, USA)
450 nm



6. Wild-type neuro-2a

2x10°, 2x10°, 2x10° neuro-2a
mL 3

Neuro- 2a IL- 16

neuro-2a/IL- 16

neuro-2al/IL- 16 0.1 mL
Ald
IL-16
(neuro-2a/LNCX)  2x10°
Ald

8. Neuro-2al/lL- 16

2 x 100 neuro-2a/IL-16

0.1 mL
AlJ

IL- 16

neuro- 2a

parental

0.1 mL

Al

, 1 mL

2x 10°,

2 10°

Al



1 mL 8 Ald , 2
2x10°  unmodified neuro-2a
neuro-2a/IL- 16 2 unmodified neuro-2a
2x10°  neuro-2a/ LNCX AlJd
, 2 2x10°  unmodified neuro- 2a
AlJ
9. Neuro-2a/lL- 16
2x10°  neuro-2a 6 AlJd
2 5-10 mm , 2x10°  neuro-2a/lL- 16
neuro- 2a
neuro- 2a/ LNCX
AlJ
10.
9) neuro-2a/lL- 16 (apoptosis)
Apoptag kit (Oncor, Gaitherburg, MD, USA)
. Nick end labeling silane  coating

3um

- 10 -



58 2

20 ug/mL
protein kinase(Sigma) 37 10 Apoptag kit
10 labeling safe
terminal deoxynucleotidyl transferase 37 90
/ 10
anti- digoxidinin- alkaline phosphatase 30 nitro- blue
terazolium chloride/ 5- bromo-4- chloro indolyl phosphate
nuclear fast red
11. Nude neuro-2a/lL- 16
Neuro- 2a IL-16 T
nude
nude neuro-2a/IL - 16
2x10°  neuro-2a/IL- 16 0.1 mL , ImL
nude . 5
nude , IL-16
(neuro-2a/LNCX)  2x10°
nude
. Nude neuro-2a/IL - 16
2x10°  neuro-2a/lL- 16 0.1 mL
, 1 mL 5 nude
, 2 2x10°  unmodified neuro-2a
neuro- 2a/IL - 16 unmodified
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neuro- 2a
2x10°  neuro-2a/ LNCX nude 2
2x10°  unmodified neuro-2a

nude
12. Neuro-2a/lL- 16 Fas
Neuro-2a/IL- 16 Fas
1x10°  neuro-2a/lL- 16 FITC conjugated anti-mouse Fas

(Becton Dickinson Co., San Jose, CA, USA) 5 uL

15 FA CScan (Becton Dickinson Co.)
Fas : wild type
neuro- 2a
13.
Neuro- 2a/IL - 16 5
4 pum
xylene alcohol 20 0.3%
PBS 10
30
PBS , 1 1:100
goat anti-mouse polyclonal CD4 rabbit anti-mouse polyclonal

CD8(Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA)
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PBS PBS 1:100
biotinylated anti-goat IgG(DAKO, Carpinteria, CA, USA) 30
PBS 10 2 : 30
hor seradish- peroxidase- linked streptoavidin(DAKO, LSAB Kkit)
PBS 10 2 diaminobenzidine(Sigma) 5-10

Mayer hematoxylin
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1. In vitro experiment

retrovirus
2 x 10° NIH-3T3 6 well plate well
10°, 10°, 10’ 1 mL
1mL 1x 10° 1x 10’
(Table 1). retrovirus

clone 4 neuro-2a

Table 1. Number of colonies transfected with diluted
LNC/IL-16 retrovirues and selected with G-418

Colony numbers in diluted retroviruses

Clone
number 103 104 105 108 107
clone 1 15 8 1
clone 2 86 12 2
clone 3 36 13 4 1
clone 4 145 70 12 3 1
clone 5 26 12 5 2
clone 6 96 21 7 2

- 14 -



retrovirus

1 x 100 neuro-2a 6 well
G418 MEM
10 - 14 G418
4 (neuro- 24/ 1L - 16) . Wild
neuro- 2a G418 9-12

PA317/LNC/IL- 16

G418 6-9
(Fig. 2). G418 124+ 2.1%

10" |
6

" 10

g 107 /

g 100 | /

ERrN : Tpeuo e

8 102 L —~-neuro-2a/llL-16
10" [

0 3 6 9 12 15
Days after G-418 administration

Fig.2. Transduction of neuro-2a cells with retrovirus

. IL-16 assay

IL- 16 4
1x10° neuro-2a/IL- 16

- 15 -

type



well 24 IL- 16 T able 2
clone IL-16 6.0 ng/mL 4.2 ng/mL

4 clone in
Vivo

Table 2. IL-16 secretion from vector-transduced
neuro-2a cells

Cells transduced by vector IL-16(ng/ml)

neuro-2a cells 0.1
neuro-2a/LNCX cells 0.1
neuro-2a/lL-16 cells clone 1 4.2
clone 2 5.1
clone 3 5.7
clone 4 6.0

2. In vivo experiment

. Wild-type neuro-2a

2x10"° neuro-2a
. 2x10° neuro-2a 3 2

3 2x 10° neuro- 2a

- 16 -



(Fig. 3).

100 i ) F-y - - -
© 80 « group 1
2 L b = group 2
g 60 s group 3
7] <~ group 4
t
o 40
13 S -
e :]
(V] i
a 20 ”

O - U"‘" ''''' o o A

0 2 4 6 8 10
Weeks after tumor cell implantation

Fig. 3. Tumorigenicity of neuro-2a cells inoculated in A/J mice. Injected cell
number is as follows; group 1: 2x10* cells, group 2 - 2x105 cells, group 3: 2x108
cells, group 4: 2x107 cells(N=3/each group).

IL-16
Neuro-2a/IL- 16 8
6 . neuro- 2a/ LNCX
1 4 23 cm’
6 (Fig. 4).
IL-16 neuro- 2a
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2 8o
[ * neuro-2a
a 60 - b ] = neuro-2a/LNCx
- ] s« neuro-2a/lL~16
[ 4
.73 {
2 40 r
& A—
20 | |
|
0 : :

0 5 10

Weeks after cell implantation

Fig.4 Tumorigenicity of neuro-2a/lL-16 cells inoculated in A/J
mice. IL-16 expression reduces significantly the tumorigenicity
of neuro-2a cells(N=8/ each group).

. Neuro-2a/lL- 16 parental
Neuro- 2a/IL - 16 2 unmodified neuro-2a
1
neuro- 2a/ LNCX unmodified
neuro- 2a 4
22 cm’ 6 (Fig.
5). neuro-2a/IL - 16
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100 = BT - E—— »

_ -
S 80t
E * neuro-2a/llL-16
2 60 f o neuro-2a/LNCX
L
o
@ 40
o
8

20

0 1. | — .

0 2 a 6 8

Weeks after cell implantation

Fig.5. Prophylactic effect of neuro-2a/IL-16 cells in A/J mice.
Neuro-2a/lL-186 cells induce prophylactic anti-turmor
response(N=8/each group).

. Neuro-2a/lL- 16

5-10 mm neuro-2a/lL- 16
(Fig. 6)
100 = r ]
® 80 r 0 b
.é " neuro-21a/LNCX
g 60 - ~ neuro-2a/lL-16
L
®
3] 40
QO A,
m J.
20 —
0 I L e J e J
0 2 4 6 8 10

Weeks after cell implantation

Fig.6. Therapeutic effect of neuro-2a/IL-16 cells in A/J mice.
Percent survival is no statistical difference between neuro-
2a/lL-16 group(N=8) and control group(N=8).
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neuro-2a/IL- 16
neuro-2a/lL- 16
(Fig. 7).

4)

Fig. 7. Apopiosis inducsd by neura-2a0L-18 i muring
neurobiastoma. Meura-2a/L-16 treatment group(B) shows
more prominent apoptosis than eontrol group(A). (tunel assay,

EATH)

. Nude neuro-2al/lL- 16

neuro-2a/IL- 16

T nude
(neuro- 2a/ LNCX)

1
(Fig. 8). neuro-2a IL-16
nude 1-2
(Fig. 9). IL-16

2 unmodified

neuro- 2a

6

neuro- 2a Ald nude
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Ald nude
Ald T

nude

100 T .o
= 80
2
E 60 « neuro-2a/LNCX
3 - neuro-2a/lL-16
2 40
@
e
5 20 -
o —

o . . .

0 2 4 6 8

Weeks after cell implantation

Fig.8. Tumorigenicity of neuro-2a/IL-16 cells inoculated in nude
mice. IL-16 expression also reduces significantly the tumorigenicity
of neuro-2a cells in nude mice(N=5).

100 & 3 = L3
©
> 80
E * neuro~2a/LNCX
g 60 * neuro-2a/il~16
Dl
g
a3 40
B
[++]
a 20
|~ -~ oy
— |
o 4 )
0 2 4 6 8

Weeks after cell implantation

Fig.9. Prophylactic effect of neuro-2a/IL-16 cells inoculated in nude
mice. Neuro-2a/lL-16 cells do not induce prophylactic anti-tumor
response in nude mice(N=5/each group).
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. Neuro-2a/lL- 16 Fas

FA CScan neuro- 2a neuro-2a/IL - 16
Fas (Fig. 10). Ald nude
Fas

LA

Fig. 10 Expression of Fas malecules on neuro-2a and neuro-2ail <18 ceks
Baoth neuro-2ajA} and neuro-78/L-16 celks(B) do not express the Fas moleclles

H&E
CD4+ T CD8+ T . T

(Fig. 11).
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Fig. 11. Histochamical examination of newo-2a/lL-16 fumors thal
infectad in AXJ mice. Thers are many lymphocyle nfiltration(A), some
easinaphil, neutrophil and histiocyte(B), (H&E, x200), The seclions
ware rescied with ant-CD4 or anti-CO8 Ab (D). ( x400)
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IL-2°%°, IL-4%, IL-12"°, IL- 18", TNF-a", INF-v**, GM- CSF"

IL-16
IL-16
6.0 ng/ mL/24hr
promoter
Gansbacher ™

Molney murine leukemia virus

terminal repeats(LTR) promoter
internal promoter
Katsanis °
promoter 1x 10°
neuro- 2a
type

1x 10° neuro-2a IL- 16
4.2 ng/ mL/24hr
(fibrosarcoma) CMS-5
cis acting promoter long

cytomegalovirus(CMV)

IL-2
neuro- 2a LTR
22 - 553 U/mL
CMV promoter
IL-16 . IL-16
wild
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CD 4+ CD 8+

T
38
in vitro IL-16 (1) GM-CSF
¥ (@) IL-2 CD4+ T
24 (3)
32
IL-16 peptide
CD4+ T
IL-16 neuro- 2a
, 2 wild type neuro- 2a
IL-16
neuro- 2a IL-2
nude neuro-2a/lL- 16
2 wild type neuro-2a
T . neuro-2a/ 1L - 16
T
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Ald T
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IL-16 neuro- 2a

apoptosis
neuro-2a/ 1L - 16
neuro-2a/IL- 16
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IL-16
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12

IL-16

MIBG

Fas

16

Fas
Fas
INF-vy
39-41
IL-16
50%
IL- 2"
, 13-cis-RA
IL-16
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Abstract

An anti-tumor immune response by IL- 16 gene transfer into

murine neuroblastoma cells

Hyun- Sang Cho

Brain Korea 21 Prgect for M edical Sciences

The Graduate School, Yonsei University

(Directed by Professor Kir-Young Kim, Dong-Soo Kim)

Interleukin(IL)- 16 is a potent chemoattractant factor for CD4+ T cells,
monocytes, and eosinophils and up-regulates IL-2R on CD4+ T
lymphocytes and regulates the function of antigen presenting cell.
Retroviral-mediated gene transfer of the human IL-16 gene into the
neuro-2a cells, murine neuroblastoma cells, was used to investigate
whether locally secreted IL-16 might generate anti-tumor immune
responses. It was estimated whether the local secretion of IL-16 from the
genetically modified tumor cells would affect their tumorigenicity in vivo,
and then, IL-16-transfected neuroblastoma cells would have prophylactic
effect and therapeutic effect in A/J mice. The mechanism of IL-16 was

investigated by nude mice trial of an anti-tumor immune response and
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by the evaluation of the infiltration of immune cells at neuro-2a/lL- 16
cell injection sites.

The IL-16 gene-transduced neuro-2a cell clones were secreted 4.2-6.0
ng of IL-16 per mL per 10° cells during 24hr. None of the mice (N=8)
which injected with 2 x 10° IL-16 gene-transfected neuro-2a cells
developed tumors within 6 weeks while all of the mice (N=8) which
injected with wild-type neuro-2a cells developed tumors. Immunization of
mice (N=8) with 2 x 10° IL-16 gene-transfected neuro-2a cells protected
these animals against a subsequent challenge with 2 x 10° wild-type
tumor cells. The growth of large neuroblastomas was slightly delayed
after IL- 16-secreting neuro-2a cell injection into mice compared with the
control group.

Nude mice were also shown an anti-tumorigenicity effect, but there
was not shown the prophylactic effect against murine neuroblastoma.
Immunohistochemical stain of the subcutaneous tissue injected with
neuro-2a/lL- 16 cells revealed frequently the infiltration of lymphocytes,
neutrophils, eosinophils and histiocytes.

These results suggest that the local secretion of IL-16 by transduced
tumor cells abrogated their tumorigenicity and induced protective
immunity. It may depend on T cells, but some other immune cells might
also induce an anti-tumor immune response in murine neuroblastoma
model.

Key Words: interleukin- 16, neuroblastoma, gene therapy
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