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3l F wljofe) siptolA] 7| ¥skE A BATAHE HiB5SF A <
sfuloll A He)3 MAALAEES 10% fetal bovine serum (FBS;
Hyclone, USA), 100wml penicillin/streptomycine: #47}-3F Dulbecco's
modified Eagle's medium(DMEM, Life Technologies, USA)S ©]
£314 33°C, 7% CO,ZA) HiFr]olA 23} d Al&ste] £¢
g FAElg. AAAERY] 38 458 9 20ng/mlo)
a3 G AAAAHPDGE Upstate Biotechnology, USAYE 3
7} B8 iR N2 (Sigma, USA)E Zo}Fal 39°C, 7% CO,
Z7N A 48413 <t vtk 29341 ¥= ATCC (American
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AdLac# Tf-AdLacs ZEAA ¥WiEdd AMEE 4°C, 025%
glutaraldehyde §-ollA] 102 F<F THA7| 2 AeA A2 A
o]% The X-gal FAERIM Na,HPO,IM NaH,PO, 1M
MgCl,, 20mg/ml  5-bromo-4-chloro-3-indolyl-B-galactopyranoside
(X-gal), 50mM K,Fe(CN),, 50 mM K,Fe(CN))< ¥ F 37°C
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Hlojg) 22 7+EAIZ] HiB5 Ao reporter lysis buffer (0.5%
Triton X-100, 137 mM NaCl, 10mM Tris-Cl pH 7.5)% 373}
K27 & AF=AS H3IHTE 96 well plate Z} welloll /g5
7} 2X assay buffer (200 mM sodium phosphate pH 7.3, 2 mM
MgCl,, 100mM P-mercaptoethanol, 8 mg/ml o-nitrophenyl-B-D-
galactopyranoside)Z 50 WE 2 Wil 37°ColA] 308 ¥HAIZ]
THe 1M NaCO, 100pE FH7bete wkgS FAA711
microplate reader® ©]-83}] 420 nmellA FEE=E A3
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HiB5 A F9) Tf-AdLacE 33°ColA 100 MOIZ 7+ A]7)aL
24217t % PDGEZ} X314 N, A2 Zol5i 39°Col|l Al 484
7+ Et WidAA £33k fEETh AEE 27% A EES
gsl=g2 1087 2AsL 025% Triton X-100 ©.2 2083t
permeabilization 3 %, 5% normal goat serume< -3 PBS
L8 ALR3le] 1AJZF B¢t blocking3tdt}. 12} FAIE anti-
Pan neurofilament (1:1000d, Sternberger, USA), anti-MAP2 (1:
250d, Sigma, USA), anti-GFAP (1:400d, Sigma, USA), anti-B-
galactosidase (1:1500d, Oncogene, USA) FAE A2oA 143k
=0t BF2-A)7) 3 Oregon-green®|Y Texas-red’} Z3HE 2%} A
(Molecular Probes, USA)Z 13+ A& HEaHutt. MEY 32
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A wfekeld B9S Hit) o] 2AdA el Alzr) AP
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Sl A} (platelet derived growth factor, PDGF)E #7151 HiB5 Al
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o) ABATAE HiB5Fig. 1A, B)o AF] A387412
(Fig. 1E, F¥] &3 A 24 27991 33°CollA] 50 MOIZ A0
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Fgo] fARAYE E8-8 A2 AdLacel] Bl FEH
22 RS Adshs RS DEIATHFg. 1D, H). Tf-AdLac
o] B3he AlBM TR} BRIl e ABHTAEANA {1
ARG ggo| 53 olf= ol imulo]H 9] oju] Tl
fiberoll ¥-2}8t transferrin ligand”} transferrin 4~8&3| (TfR)ol| 2
dgko 24 nlo|H s AXE F58lY] Wi A= AzH
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Fig. 1. Viral transduction of B-galactosidase into neuronal
precursor cells derived from hippocampus from rat and mouse
detected by X-gal staining. Rat hippocampal cell line HiB5 (A~D)
and mouse hippocampal cell line (E~F) were infected with AdLac (A,
C, E, G) or Tf-AdLac(B, D, F, H) and expressions of f-galactosidase
were visualized in blue stained cells. Cells were either infected in the
proliferating state at 33°C (A, B, E, F) or in the differentiated state at
39°C (C, D, G H). Magnification, 200X.
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Fig. 2. Virus-mediated transduction of B-galactosidase into HiB5
cells measured by enzyme assay. The enzyme activities in AdLac- or
Tf-AdLac-infected HiB5 cells were measured and presented as
milliunit (mU) in a pg of protein. Data shown represent the average
and standard deviation of three independent experiments.
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Fig. 3. Immunochemical characterization of HiB5 cells, infected
with Tf-AdLac at 33°C and grown 2 days in N, medium at 39°C.
The expression of neuronal or astroglial markers such as NE, MAP2,
and GFAP are not observed in HiB5 cells grown at 33°C (A, D, G).
However, expression of marker proteins are detected in cells infected
with Tf-AdLac at 33°C and grown 2 days in N2 medium at 39°C (B;
NF, E; MAP2, and H; GFAP). Same population counter stained with
Texas-red for the expression of B-galactosidase is shown in C, F, 1,
respectively. Nucleus stained with DAPI is visualized in blue.
Magnification: 400X.




76 Insil Joung

HIA| 2wt & § 39°CollA 48417 E)t widslar Heldsg
A BN B A AM R BEE 2AEAT
ARl 33°Cel| A ugt HiBS AZAAE A7 SolF HARR]
4174 M| AHmneurofilament. NF), MAP2 (microtubule-associated protein
2)e} Aol A E Eo]Z FX|2R] GFAP (glial fibrillary acidic
protein)©] WS BEY 4= U HFig. 3 A, D, G) £3=2
ANA wFIE W) A7 FADNA HPo] K= ATHFig.
3B, E, H). 58 £3t9 22 2AMEA B-galactosidase] 1H
g w4 YT E(Fig. 3C, E ) 7§ZE ofuinjol 2
27} HiBSY #3)5ole 438 vIAA e 3102 A7 H).
oliel A= dA) FAHI Y= AFAFHEE o] 83 A
go] AgolM A opdmnlo]ldAE o)t FHAAY &
&5 W F Ae 7FeAS BT Qo). wfebA] e of
tiutolg] g o] &t 5 Feo] AF R #3E fx
g 5 A FAE WAAFA T A Bk A8
ASEHRE ¢ AC R 7|idn)

T
2
¥
K o

HAlel 2

o] AdxtE =AetAT B EATAIY (RO1-2003-000-
11694-0)2] A|¢& o} =352

028

1. Vats, A., R.C. Bielby, N.S. Tolley, R. Nerem, and J.M. Polak.
2005. Stem cells. Lancet 366, 592-602.

2. Johansson, C.B., S. Momma, D.L. Clarke, M. Risling, U. Lendahl,
and J. Frisen. 1999. Identification of a neural stem cell in the adult
mammalian central nervous system. Cell 96, 25-34.

3. Silani, V. and M. Corbo. 2004. Cell-replacement therapy with stem
cells in neurodegenerative diseases. Curr. Neurovasc. Res. 1, 283-
289.

Kor. J. Microbiol

4. Dubois-Daleq, M., C. Ffrench-Constant, and R.J. Franklin. 2005.
Enhancing central nervous system remyelination in multiple scle-
rosis. Neuron 48, 9-12.

5. Lindvall, O., and Z. Kokaia. 2005. Stem cell therapy for human
brain disorders. Kidney Int. 68, 1937-1939.

6. Breakefield X.0. 1993. Gene delivery into the brain using virus
vector. Nature genetics 3, 187-189.

7. Heistad, D.D., and EM. Faraci. 1997. Gene therapy for cerebral
vascular disease. Stroke 27, 534-539.

8. Benihoud, K., P. Yeh, and M. Perricaudet. 1999. Adenovirus vec-
tors for gene delivery. Curr. Opin. Biotech. 10, 440-447.

9. Thomas, C.E., D. Birkett, I. Anozie, M.G. Castro, and PR. Lowen-
stein. 2001. Acute direct adenoviral cytotoxicity and chronic, but
not acute, inflammatory responses correlate with decreased vec-
tor-mediated transgene expression in the brain. Molecular Ther-
apy 3, 36-46.

10. Joung, I, H.S. Kim, J.S. Hong, H. Kwon, and Y.K. Kwon. 2000.
Effective gene transfer into regenerating sciatic nerves by adenovi-
ral vectors: Potentials for gene therapy of peripheral nerve injury.
Mol. Cells 10, 540-545.

11. Wickham, T.J. 2000. Targeting adenovirus. Gene Ther. 7, 110-114.

12. Joung, I., G Harber, K.M. Gerecke, S.L. Carroll. J.F. Collawn, and
J.A. Engler. 2005. Improved gene delivery into neuroglial cells
using a fiber-modified adenovirus vector. Biochem. Biophy. Res.
Commun. 328, 1182-1187.

13. Li, H., H. Sun, and Z.M. Quin. 2002. The role of transferrin-trans-
ferrin-receptor system in drug delivery and targeting. Trends Phar.
Sci. 23, 206-209.

14. Renfranz, P, M. Cunningham, and R.D. MaCkay. 1991. Region
specific differentiation of hippocampal stem cell line HiB5 upon
implantation into the developing mammalian brain. Cell 66, 713-
729.

15. Joung, I, HJ. Kim, and Y.K. Kwon. 2005. p62 modulates Akt
activity via association with PKCE in neuronal survival and differ-
entiation. Biochem. Biophy. Res. Commun. 334, 654-660.

(Received March 1, 2006/Accepted March 14, 2006)

ABSTRACT : Modified Adenovirus Mediated Gene Transfer to Neuronal Precursor Cells
Insil Joung (Department of Biology, Hanseo University, Seosan 356-706, Korea)

Neuronal precursor cells may provide for cell replacement or gene delivery vehicles in neurodegenerative dis-
ease therapy. One impediment to treating neuronal diseases is finding ways to introduce genes into neurons
effectively. It is shown here that fiber-modified adenovirus vector delivered gene to neuronal precursor as well
as differentiated neuronal cells more efficiently than first-generation adenoviral vector. Moreover, fiber-mod-
ified adenoviral vector transduced precursor cells retained the potential for differentiation into neurons and glia
in vitro. These results show the potential of modified adenoviral vector in the improved gene delivery to neurons
in direct gene therapy protocols. In addition it holds promise for the use of genetically manipulated stem cells for

the therapy of neuronal diseases.



