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The cell growth inhibitor effect of cervical cancer cells was investigated by liposome mediated transfection (pRcCMVp53
lipofectin) and by transfection using adenovirus (AdCMVp53). The papilloma virus cancer cell lines we used in this study
were HPV16 positive, having inhibitor gene, wild p53 gene, CaSki, SiHa, HPV18 positive Hela, HeLaS3 and HPV negative
C33A, HT3. LacZ gene of E.coli was used as the marker gene for the transfection efficiency. The effect on the inhibition of
tumor ceil growth was measured by cell count and cell viahility though ELISA analysis and MTT assay. The inhibition of
tumor cell growth was confirmed by measuring each assay for six days, comparing with the normal control cell growth. The
cell growth of cervical cancer cells by transfection was significantly reduced and showed little differences among the cell
lines. To eliminate the potential problem of Ad(adenovirus) contamination during rAAV production, rAAV can be produced by
a triple fransfection of vector plasmid, packaging plasmid, and adenovirus helper plasmid. To examine the helper functions
of Ad plasmids on the production of rAAV vector, we carried out cotransfection of three plasmids, AAV vector, packaging
construct, and Ad helper plasmids. The optimized transfection condition for calcium phosphate method is 25 Lg of total DNA
per 10-cm-diameter plate of 293 cell. We found that rAAV yields peaked at 48hr after Ad infection. The titer of rAAV was
measured by the dot blot analysis to measure the number of particles/ml based on the quantification of viral DNA. Recently,
Kombucha(fungi) was identified as a very potent antileukemic agent. In the present study, effect of natural toxin(plankton)
and Kombucha is PSP(GTX1-3, neoSTX), on various MTT assay cervical cancer cell line. Toxin(GTX 1-3, neoSTX) also
inhibited the proliferation in primary cervical cancer cells in a dose-dependent toxin concentration. These results showed that
toxin was very potent in inhibiting the proliferation of cervical cancer cells in vitro. Toxins and Kombucha exhibited a dose
dependent inhibition of cellular proliferation in cancer cell line.

Key Words : Adenovirus, AAVCMVp53, cotransfection, papilloma virus human cervical cancer, gene therapy, cancer
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Figure 1. Alexandrium ramarense. Ventral view of cell (A-C), Epitheca(D).
The thread-like projection on the anterior tip of the first apical plate
(arrowhead). Apical pore plate (Po). Hypotheca(E). The first postcingular
plate (177), fifth postcingular plate (57*) and first antapical plate (1"
has a list (arrowheads). Sulcal posterior plaie (s.p.). Scale bar=10 ym.

Figure 2. Fluorescence microscope pictures of Kombucha (fungi).

ot=ZljlofjA{e] AdCMVp532] Western blottH

AUl )P ps3 FAAe WE HTE s 9
sl FERRS2s] RIS 1,3, 5,7, 14, 218 &Y
western blotting-& A2 st

Table 1. Transfection efficiencies of six cervical cancer cell lines

AdCMVp53 Immunohistochemistry'H
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%4 SYIER HUNRS Fgwe 129 vhehd

2w W DE

3B M=E FolM o8] EFS 2ELE 0|88 7

HA olgle=e =4

oly] ZEol g F<£, Ca Phosphate, Lipofectin, FuGene 6
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SiHa, Hela, Hela 83, C334 29\ HT? S 679 A37
2ot AEZFd A Folslgck pReCMViacZ ©|YELSE Ca
Phosphate® AME3l-& 7%, CaSk, SiHa, Hela, Hela S3,
C334 B]m HT3 AE&FdA Z}z} 6.84, 8.37, 861, 7.1,
8.51, 641%, Lipofecting o]&3-& 75 1532, 14.46, 11.94,
11.26, 8.93, 8.87%, Z1¥)1 FuGene 6% ©] &g ASoE
9.58, 7.99, 33.89, 31.00, 1621, 30.30%¢] ©|YELE Ve
THTable 1).

YxZolA ofdle Hjo|MAE 0]Z3 p53 MU W

FALE, SiHeE FE ohEse] FAR

pReCMVp353 Transfection Efficiency(%)

AdCMVp53 Transfection efficiency(%)

Cell line ]
Ca Phosphate Lipofectin FuGene 6

CaSki 6.84 £ 0.54 1532 £ 012 = 9.58 £ 1.28 848 = 1.58
SiHa 837 = 032 1446 L D56 = 799 £ 0.10 6.32 £ 060
Hela 8.6l + 036 11.94 + 536 3389 £ 091+ 9838 = 055+
Hela 83 7.18 = 066 1126 L 0.13 3100 L= 361 = 6.65 £ 195
C33A 851 + 032 893 = 3.25 1621 £ 223 = 9549 *+ 197+«
HT3 641 | 037 8.87 + 3.77 30.30 + 0.37= 850 4 242

“Transfection efficiency was observed at %200, (* P > 005 ) 6 pg of plasmid DNA was used for each transfection and AdCMVp33 was used

to infect the cells at 100 MOIs. The percentages of [ -galactosidase-positive cells were delermined after scoring all cells cach on wiplicate pictures.
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A. <+— P53
B. “+— P53
C. <+— pbh3

Figure 3. Western blots probed with amri-p53 antbody. Cellulat
extracts were subjected 0 SDS-PAGE. The wmor tissue was injected
by (A) PBS(10Y100 L), (B) AdCMVp53(10pfu/l00 uL), (Q
AJCMVLacZ (2% 10°pfuy/100 uL) and incubated for 7days. Expression of

p53 in tissue showed high level in 1, 2, 3, 3, 7, 14, 21days afier
injection of AJCMVp53.

«— rAAV p53

Tigare 4. lodixanol step gradient for the purificaion of rAAV P33
293 cells wete cotransfected with pAAV p33, AAV  packaging
plasmid, and Ad Helper plasmid. For purification AAV p33 were
centrifuged at 350,000xg for 1 hr at 16°C.

HE Western EXyes zxl&gick 1 d3F p53e
AdCMVp33 dlo)B A8 FALE, 19728 gdEgler, 1,
2,3, 4, 5, 79777 nx=R @sgrt (Figure 3). A
AICMVp353e] & Fo24 PBS % £92 FARE 23
ol aHlolEAs] MFUW SAL zUHEE 517 f=1k-18

He
=
=

)

r

AdCMVLacZ 2] FoAME ps3e] e A4 HEEA &
greh
rAAV AAH
ol &3

tAAVE] A4k ¥PE.e Samalski et al(1998)2)
o}, 293cell o] E0i9E 307)19) 10-cm platee] Adenovirus9]
248 HAE 517 Yelr] vector plasmid, packaging plasmid,
adenovirus helper plasmid® cotransfection 8f3 48A)7F &
cell & AE7 sl jodixanol gradient® ARSI 4
Bg Sygth Fgure 404 UER Az Zo] 2208 Ry
Holgled] 7 ¥ FEo] £ AAVCMVpS3 WEE F4H
o} #ix ofe] &S FAVIE Fohl AAVCMVpS3 A|BZ

83t

rAAV 9| Eol

Dot blots] )3} viral DNAS) #HFE= rAAVCMVpS534]
particles “ko. 2 Z&4¢c) A4 28 & rAAVCMVp53 CsCl
sradient HI=E Q180 FAZ|E tAAVCMVpS3 & H4
3 e PBSE F4s|A &F IAAVCMVP53% 0,.}2111}-.
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Figare 3. Dot hybridization analysis of recombinant AAVCM Vp53
in 293 ccll. Recombinant AAVCMVp53 was loaded on a membrane,
and hybridized with p33 primer, For analysis ECL method was used,
and pAAVD53 wsa used as control.

AAVCMVpS3

AAVCMVLacz

Figure 6. PCR analysis for determining rAAVCMVLacz TAAVCMVp33

viruses.
TAAVCMVp538] AJ4R2 dot blot analysisZ 13t (Figure 5).

PCRO| 98t rAAVp53EA]

PCR primer(5’-~AAGCAGTCACACATGACGGAG-3"), (5'-GAGT
CTTCCAGTGTGATGATGGT-3)2 A3} 08 rAAVCMVpS3
M98 PCRE 2918 9rHFigure 3). PCR Apdelr HelR
75 7] AAVCMViaczs 4kbeA Mlzmr7 @9lEglow,
AAVCMVDS3E 200-300 kb Ale]el ] W=7} #ol® Aoz
Hol AAVCMVpS3e] A@Aoz Ausguhe g o5
2% PHFigure 6).

X-gal staining method
6well dishd ARLsle] B AFo)a] o7l £=4AAVCMVLacz
9] (Hela, HT3, HelaS3, Caski, C33A, SiHa) cell
d) infection A)# 24A17F ¥fUsF &, cell o) infection® AlZ
(blue cel)e FFs)o FHE= PRk AA g
tAAVCMVLacZ viruses® titer= 5-bromo-4-chloror-3-indolyl-
£ -D-galactopyranoside(X-gal) 41 F rAAVCMVLacZ viruses
7} cellel] infection® AHA-2 blue cellZ countingdle] &3 315
th ©] blue cellZ counting 3t 6FF9] cello]l AAVCMVLacz
virus7} infection ¥ H|&E U< e 2 AS Table 2

of tyebdth

viruss 6%

X-gal staining method
6well dishoﬂ B AR foird a4 AAVCMVLacz

vinsE A&3ted 6% 29 (Hela, HT3, HelaS3, Caski, C33A,
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Table 2. Comparison of AAVCMViacz titers produced by different six human cervical cancer cell line

Cervical cancer cell AAVCMViaez(tu/plate(B) ry/feell(C)
Hela 2.1%10° 42
HT3 36210 72
HelaS3 3.7x10° 74
Caski 2.7x107° 54
C33A L3x10° 3
SiHa 09 %107 1.8

B: Average of experiment obtained from a 10 cm plate of human 293 cells: X-Gal slaining, each blue cell was translated into luu C: Obtained

by dividing the titers(total t.u) from each 10 cm diameter plate by the total number of 293cells.

Tahle 3. pReCMVLacZ plasmid and AACMVpS3 transfection efficiency in cervical cancer cell lines

pRcCMVLaeZ plasmid Transfection Efficiency(%)

AdCMVp33 Transfection efficiency(%)

Cell line
Ca Phosphate Lipofectin FuGene 6

CaSki 6.84 = 0.54 1532 + 012 * 9.58 + 128 848 = 1.58
SiHa 837 + 032 14.46 L 0356+ 799 4 0.10 632 = 0.60
Hela 8.61 = 036 11.94 £ 536 3380 L 091+ 98.38 £ 055+
Hela $3 7.18 £ 0.66 11.26 £ 013 3100 = 3.61* 6.65 + 195
C334 851 £ 032 893 £ 323 1621 £ 223« 9549 + 197+
HT3 641 = 037 8.87 £ 3.77 3030 £ 0.37= 850 -+ 242

Transfection efficiency was observed at %200, (* P = 0.05)

Tuble 4. Trasfection efficiency ol SiHa tumor tissues

Transfection efficicney(%) = S.D.

day 1 2031 = 536
day 2 2472 = 11.69
day 3 7478 + 3.98
day 5 4526 £ 643
day 7 612 L 572
day 14 8.38 + 1.99
day 21 632 £ 407

10" pfus of AACMVp33 were used for injection into each tumor
tissue. The perceniages of p33-positive cells were determined after
scoring of all nuclei on wiplicate picture. The tssues were prepared
at indicated time points afier injection

SiHa) cell lineo]] infection A]#A 242\]71} Hjj F
&5 A4t o]7S Table 39 viehdn.

) I infection

Zorx=AlofA] adenovirusoff 2|5t p53 & LacZ
ojglE =24

Fgady psy Aude) THE 2AE
=l

REAY

A3 A2

Hol 4 ®2 SiHaZ 5 FARSIL BA4E < 9-10 mm =
719} ZoF Z Ao AdCMVp53-& FA Hﬂ +1,2,3 57 14
2199] 47k 2Ag AR, ARG BAYSE £
e Az Bokza oA o]—L]]_L.U]O 22 fHe pide v}
goz deso] gjoirh ps3 vhgoe] HHHE AE FE ol
b= dhe 2

jeag FARA 1Q4e] R4 AT oI 2031%,
227l 24.72%, 3QA ) 74.78% ZLelm S5LA ] 45.16%
MEE YT, 72 ol$E 2 9E 3wsh gaskdd
(Table 4).

ZATX0| A ps3FEALL] immunohistochemistry afj4d
oldjmulolels p53e] o A LEE FAEHY] #std,

Figure 7. A: a positive control, X-gal stainning for Lacz infection on
a section for tumor tssue (31000). Blue colored cytoplasm and
nuclear was stained by x-gal solution staining. B: a ncgative
conirolx-gal staining for Lacz infection on a sectionfor tumor tissue
(X1000). No blue colored cyloplasm and nuclear was stained by

x-gal solution staining.

L!

Vo] ¢ 2= ]Oﬂ recornbmant adenovirus CMVp33 (AdCMVp53)
o =AEkm, ps3s] WAL 1, 2, 3, 5, 7, 14, 219 &, 2%
FAL AW sle], gaddayon AN B3, o %23
14 oldlicrlols e ps3e ez wdsd 3
otk (Figure 7). p53 ©eizle] 2HH AE F= ob= ¥
olg|2g AR 1Y) A AE ol 19.79%, 2UA]
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Table 5. Comparison of transfection efficiency of AdCMVLigcZ between SiHa cell and SiHa cell xenografted tumor tissue in nude mouse.

Tranfection efficiency((%) + S.D.)

Magnification 200 X 400
SiHa cell line 6.33 £ 0.60 15.64 + 556 T
Tumor tissue

day 1 61.26 + 4.66% 88.65 = B8.65*

day 2 59.63 £ 9.12 70.85 *+ 20.94*

day 3 62.01 = 14.64 59.68 £ 14.30

day 3 57.76 £ 0.09 88.51 - 476

day 14 2822 £ 14.33 40.75 £ 2544

day 21 31.73 + 2276 4821 | 1097

#(P < 0.05) compared to SiHa cell line. Comiparison of gene tranfection

efficiency inro cell with tumor Ussue was revealed stadstically signilicant

increase in mmor tissue than cell line in day 1 and 2 (both 200 and 400 magnification)

12000 ¢

—8— AGCMVpE3
—B— AdCMVLacZ
—&—PEs

10000

8000

{mm

6000

4000

Tumor size

2000 |

0 3 5 8 11 14 17 20 23 26 29

Days
Figure 8. Effects of wreatment with AMCMVp33 on wmor growth of
SiHa cells in nude mice, Mice were injected sc with 107 SiHa
cellsfmouse. 2 weeks later, 100 yL of AdCMVp33 (10'0pfus),
AdCMVLacZ(]OIDpfus), or PBS alone was injected imto tumors ol
9-10 mm in diameter. Four mice were used for each treatmeni group.

o] 26.26%,
g Jehizla,

3gA ) 14. 77%
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Figure 10. Effect of plankton (A. tamarense) on growth inhibition of human cervical cancer SiHa cell line.
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Figure 11. Effect of Kombucha(fungi) on growth inhibition of human cervical cancer SiHa cell line.
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