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Background: Though it is clear that many types of viruses can infect the oral mucosa, its condition for
infection is unclear. The purpose of this study was to analyze the conditions for viral infection of normal
oral mucosa and explore the possibility of topical gene therapy to oral mucosa using a viral vector.

Methods: Freshly taken fragments of the palate and the tongue of mice were used for organ culture.
The specimens were exposed to green fluorescent protein (GFP)-adenoviral vector for 1 hour except for the
control. Initial viral titer was 6.3%x 10" pfu/ml and the virus was diluted to working concentrations. The
dilution ratio was 1:1,000 (6.3x10° pfu/ml), 1:10,000 (6.3x10" pfu/ml), and 1:100,000 (6.3x10°
pfu/ml). They were then cultured on a stainless steel wire mesh in an organ culture dish. The specimens
were stereoscopically examined every 24 hours for 6 days, after which they were fixed and analyzed
through immunohistochemical methods.

Results: There was no visible expression in the control, 6.3x10° pfu/ml, and 6.3%x 10" pfu/ml groups.
Initial expression was observed at 24 hours after infection in both the palate and the tongue in 6.3 X 10°
pfu/ml and the expression significantly increased until 3 days in the palate and 2 days in the tongue after
infection (P<0.05). In both groups, the expression was mostly observed at the resection margin.
Immunohistochemical studies showed that the epithelial cells were positive to GFP.

Conclusion: The present study showed that topically applied adenovirus containing specific genetic
information of GFP could successfully transduce GFP in normal oral epithelial cells at the resection margin
in organ culture in terms of dose and exposure time.
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Fig. 1. Adenoviral vector. The circular plasmid had CMV
promoter and GFP gene was inserted into the site indicated
as PCR product (dark box).
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Fig. 2. The expression level of green fluorescent protein at each observation point. The working
concentration was 6.3% 10% pfu/ml of adenovirus and an asterisk (*) denotes that the expression
level was significantly increased compared to immediately previous observation (P<0.05).
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Fig. 3. Stereoscopic view. A. 1 day of the palate, B. 1 day of the tongue, C. 2 days of the palate, D. 2 days of the tongue, E. 3
days of the palate. F. 6 days of the palate. The arrows indicate GFP expression in the tissue forceps induced ulcer. G. 4 days of
the palate. The gingiva around the teeth (T) expressed GFP (arrow).
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Fig. 4. Immunohistochemical view. All samples were prepared at 6 days after infection. A. The palate (original magnification X
100). The gingiva (arrow) around the teeth (T) was GFP-positive. The resection margin was also GFP-positive (arrowhead). B.
The tongue (original magnification x40). The ulcer area was shown to GFP-positive (arrow). C. The tongue (original magnifi-
cation x200). The epithelial cells in the resection margin were GFP-positive (arrows).

o 744 Hole]

O~

28] 5=, vol o] wBH A7 % 29| el ofat
TR

g Qg BAOR ofwrlold 2g AU 22

= & F itk oftmuto] A5 o] &g FHA X BH
o AS A Aol A 244]7ke] A ol Fzo]
3 olE T2A7F Fof| Ho TS Btk HiH o]
AT E AF s TR Ak 7 72471
GFP9| o] Hrjgto 2 Z7hE| AT 89| A5l 96
AlZte] Bt el A Hd EE S B (Fig. 2)

Clayman %< 874 77249 AoA 2] 1o o= |
x10" pfu/mLe] oM vlo]HAE 183 &A= 4
T FAA A Aojstivt Baek vp b 22
& AFelMe B4 74 Al 6.3x10° pfu/mle] %=
2 ofdicHte] P 2E o] &3 FHA AL FFsatt
(Fig. 2). Clayman 2 9779 & A Atolol] Wy 4
Aol & vlolgzo] 7 kg wE:AIZ] ATkl SIS
2 AFdME 6.3x10°pfu/mle] FEZ 1A B¢ =&
ARG, B APz 6.3x10" pfu/mlgt 6.3x10°
pfu/ml] ot Hlo|YAE o] &3t fHAt da2 At
Hh itk wEbA] oble Hlol2|AE o] &9 FHAt X EH
oA Fadt FE-& AMSE vho]g 0] Frgl AJH S Hio]
gl2adf] FE AT SR mE3A AL Stk Zloth ol
St A2 Eicher 59 917 29t® Y3t

{0 ot

9
Aol Mnt et Aot (Fig. 3). 374 #4
AF FAAARE B AT AT A& oA

Q

196

Aol 44 @vhe A2 oujgitt, & A79 2735 Er
2 AEst] B G A 49 A2t vpolg] s ofgt
AR Aol 7ol 7] A= A9 AE 5 ol
A 7V vbgZo] opd nlolgi o Hekegk £ F947t =
Zo| slofof fdo] o] Fofd Aoz FHPHL) ol Hl
olg e M E EWH X FEA o At ofof AE
2 5olZ & 9lon o 87He F&AE integrinsol
2l g A i mtolE 29 RS F7] A% Al
FEAT e TS HRITE 9 7| R E FEo] Bt
A Exsta a Axe 7|AF Y S JeHos
Bysty Qub9. ofdwcnlolg A AR E FA8k= A EY
SAHA e AXY BT AAA 0 kA £
Ao HAF A 22 HAAolA =& GFPY wd
& AE F4 fhoks #dol 9l Ao AlRHY A
o AE 7kl 2183 HZL upo|g x| AEE dAetE
Zpgo] Aeh?. whef ojuf gt o] ol ofate] ofejgh AE 7t
of o] gjHThA o] EHo| AXE Ale]Z AR 4 9]
A Boh?, wheba] A|EE Al Atele] Aol o] x| ALt
g3 F0] oA AY A7 s Saldhs el
Il Age] FAE 7 Foll vpo]xg] HF7} LA Lol
S Dol Aoz AlgHET e} ofd|ulo] g AF o] &
ato] FAA A 55 Agshed 2 Wl 349 =i}
oM AFE ZAES FFol Folof & Aot}
V.2 B

2 dFoA = oftiento]2| g o] &g =
A2t A 28 aefstAY vrol2fxe] 7 A A
g, vloly ] w9 Hlo]gxd] =ZH AIZE
o] oot 27HoF A8E AHolgks A GA HAG
et 4o Hg o] g ety ol ulo] g

2

S (W 2 oo o
N

o fr 12



% Acknowledgement
ofe| = uol{ 2~ WHE A|Fste] 41 University of
Pennsylvania®l Y& wd7 244k & 3 th

References

1. Furlanetto DL, Crighton A, Topping GV : Differences in
methodologies of measuring the prevalence of oral mucosal
lesions in children and adolescents. Int J Paediatr Dent
16 : 31, 2006.

2. da Silva LM, Guimaraes AL, Victoria JM et al : Herpes
simplex virus type I shedding in the oral cavity of seroposi-
tive patients. Oral Dis 11 @ 13, 2005.

3. Miller CS : Herpes simplex virus and human papilloma virus
infections of oral cavity. Semin Dermatol 13 : 108, 1994.

4. Al-Bakkal G, Ficarra G, McNeill K et al : Human papillo-
ma virus type 16 E6 gene expression in oral exophytic
epithelial lesions as detected by in situ rtPCR. Oral Surg
Oral Med Oral Pathol Oral Radiol Endod 87 : 197, 1999.

5. Yeudall WA : Human papilloma viruses and oral neopla-
sia. Oral Oncol Eur J Cancer 87 : 197, 1992.

6. Lai CM, Lai YK, Rakoczy PE : Adenovirus and adeno-
associated virus vectors. DNA Cell Biol 21 : 895, 2002.

7. Foster TP, Rybachuk GV, Kousoulas KG : Expression of
the enhanced green fluorescent protein by herpes simplex
virus type 1 (HSV-1) as an in vitro or in vivo marker for
virus entry and replication J Virol Methods 75 : 151, 1998.

8. Kim SG, Yang BE, Oh SH et al : The differential expression
pattern of BMP-4 between the dentigerous cyst and the
odontogenic keratocy. J Oral Pathol Med 34 : 178, 2005.

A7} ek
SHHAD 431-070

73715 A BT HE2F 896
Sggta AN i =}
A4z

A1 Heed 20094 038 262

AR =HE 20094 05 19

ZA vfet BHolM H& T2 Hof dujof gt T4 REAL 2

9. Kim SG, Chae CH, Cho BO et al : Apoptosis of oral
epithelial cells in oral lichen planus caused by upregulation
of BMP-4. J Oral Pathol Med 35 : 37, 2006.

10. Berking C, Takemoto R, Satyamoorthy K et al : Basic
fibroblast growth factor and UVB transform melanocytes in
human skin. Am J Pathol 158 : 943, 2001.

11. Nesbit M, Schaider H, Miller TH et al: Low-level mono-
cyte chemoattractant protein-1 stimulation of monocytes
leads to tumor formation in nontumorigenic melanoma
cells. J Immunol 166 : 6483, 2001.

12. Clayman GL, Trapnell BC, Mittereder N et al : Trans-
duction of normal and malignant oral epithelium by an
adenovirus vector: the effect of dose and treatment time
on transduction efficiency and tissue penetration. Cancer
Gene Ther 2 : 105, 1995.

13. Eicher SA, Clayman GL, Liu TJ et al : Evaluation of topi-
cal gene therapy for head and neck squamous cell carcino-
ma in an organotypic model. Clin Cancer Res 2 @ 1659,
1996.

14. Chardonnet Y, Dales S : Early events in the interaction of
adenoviruses with HeLia cells. 1. Penetration of type 5 and
intracellular release of the DNA genome. Virology 40 :
462, 1970.

15. Wickham TJ, Mathias P, Cheresh DA, et al: Integrins
alpha v beta 3 and alpha v beta 5 promote adenovirus
internalization but not virus attachment. Cell 73 : 309,
1993.

16. Walters RW, Grunst T, Bergelson JM et al : Basolateral
localization of fiber receptors limits adenovirus infection
from the apical surface of airway epithelia. J Biol Chem
274 10219, 1999.

17. Lai CM, Lai YK, Rakoczy PE : Adenovirus and adeno-
associated virus vectors. DNA Cell Biol 21 : 895, 2002.

18. Coyne CB, Kelly MM, Boucher RC et al : Enhanced
epithelial gene transfer by modulation of tight junctions
with sodium caprate. Am J Respir Cell Mol Biol 23 : 602,
2000.

19. Wan H, Winton HL, Soeller C et al : Der pl facilitates
transepithelial allergen delivery by disruption of tight junc-
tions. J Clin Invest 104 : 123, 1999.

Reprint Requests

Seong-Gon Kim

Dept. of Oral and Maxillofacial Surgery, Sacred Heart Hospital
Tel. +82-31-380-3870  Fax. +82-31-387-2475

E-mail : epker@chol.com

Paper received 26 March 2009
Paper accepted 19 May 2009

197





