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INVESTIGATION OF ACTIVE BACILLUS CALMETTE-GUERIN (BCG)
COMPONENT ON BLADDER CANCER CELL LINE

Kazuaki Yoshikawa'", Kazuyuki Mori"”, Seiji Kudoh", XingXing Liu",
TakahiroYoneyama'', Yasuhiro Hashimoto', Takuya Koie", Noritaka Kamimura“,
Nobuyoshi Takahashi”, Tadashi Suzuki'’ and Chikara Ohyama"?

Abstract AIM: Intravesical Bacillus Calmette-Guérin (BCG) therapy is an effective treatment for superficial bladder
cancer. However, its frequent and severe side-effects were major obstacles for clinical setting. In this study. BCG
was fractionized with simple methods to find an active component. METHODS: Sonicated or autoclaved Tokyo
172 BCG strain was fractionated to supernatant and precipitate. These fractions were co-cultured with 5637 human
bladder cancer cell line (5637 cell). The growth inhibitory effect on 5637 cell was analyzed by dye exclusion test,
H-thymidine incorporation, cytologic examination with Giemsa staining, and cell cycle analysis using flowcytometry.
RESULTS: Live BCG and supernatant fractions obtained by sonication or autoclave suppressed the growth of 5637
cell. The dark-stained spots suggesting early phase apoptosis were found in nuclei of 5637 cells by co-cultured with
live BCG or supernatant fractions. In these cells. the ratios of apoptotic cells were increased compared with non-
treated cells. CONCLUSION: These results suggest that BCG has a direct anti-tumor effect to induce apoptosis on
5637 cell. Supernatant fractions obtained by sonication or autoclave maintained the direct anti-tumor effects as well
as live BCG. Further purification of these fractions may provide a new BCG derivatives which has higher efficacy
with reduced toxicity.
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Bacillus Calmette-Guérin (BCG) &7 > #l 4%
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1) HRatk

10% FBS i RPMI 1640 55 THEHZE I N
7ot MM AR 5637 & Hva 7z,
2) BCG #%

Tokyo 172 #¥4 BCG 7 7 F V #REH (HAE
v— v — U8kt 2RV
3) BCG DEBE KUE

20 mg ®BCG %5 ml DREAICEE L., &
FWBHEE (¥4 7 v 27 VPI5s) & HWwT40
ST IRB 1T 2. Fo%, 3000 [T
5o s O EE L, LiE & R i A
(sonic sup) & L7z, % 5 ml OB H K
&L, 12000 [T 5 o HE-LOBEL, 3oh7:
LEZ5 mlOBREAKICEEL, hizBaku
ML M (sonic ppt) & L7z, F72, WH %
PERRE L7720 0% SRR A5 (sonic
mix) & L72. (Fig. 1)
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20mg O BCG %5 ml DB KIZE® L,
12ICCT 15 A — b7 V=T B %772, #
D%, 3000 EIFET 5 & Lo BEL, LiEx 4 —
b2 L—7E EiEW S (auto sup) & L7z it
B 5 ml OWREAICEE L. 12000 H&:T 55
A OAEEL, BoNREZ 5 ml OBEEKIZ
BMEm L, ohatd— b7 L— 7ULBER 5 (auto
ppt) &L7z F7 WMESZERRGELIZDO
A —F7 L—70HREMH S (auto mix) &
L7z, 72, 20 mg @ BCGIZHMEAZMZ T2
ZOFFREOF — b7 L— TR EZ{F, 5 ml
DBEHKIZEH L 2b0EEAS— b7 L — 7
FH 5> (no water) & L7:. (Fig. 2)
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W— ety % 47 o THMIBL R E LA BRI IR/
L7z, HMlaEoflE L 5 BT - 7-.
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SriE O EE L, BiEe BRI L7 % PBS(H)
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1ul ® RNase A (10 mg/ml) & %EIMZ 37CT
30 43 KU L7z, 2,500 MIEET 5 45 s 0o L,
B % 100 41 @ PBS(-) 12 &2, 5ul ® Pl

(1 mg/ml) &M@ (Wako ) #mzEML, K
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Ya%z@l, 70—%4 b 2A—%— (FACScan,
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BCG #BEFHRMBE S+ — 7 L =7 L
TRICEEETHEMEBICCBIET S L, ki H
T A OREICHIE S N - FHARIBIgE I 7.
FERICRKETFIROBEWIZIZEA EHELT,
no water CIIERAEE L TH L7z, (Fig. 1,
2)
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5
5637 W #4 % live BCG & 120 B IR &8s & ¢
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Fig. 1 Scanning electron microscopic (SEM) findings of
sonicated BCG.
Live BCG was sonicated, centrifuged at 3,000
r.p.m. and fractionated to precipitate (sonic ppt)
and supernatant (sonic sup). SEM findings of
live BCG, sonic sup and sonic ppt fractions were
shown. Various sized particles were observed
in sonic ppt. but not in sonic sup. Original
magnification is x 5,000.
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Fig. 2 Scanning electron microscopic (SEM) findings of
autoclaved BCG.
Live BCG was autoclaved, centrifuged at 3.000
r.p.m. and fractionated to precipitate (auto ppt)
and supernatant (auto sup). BCG was also
autoclaved without water (no water). SEM
findings of live BCG, auto sup, auto ppt and
no water fractions were shown. Various sized
particles were observed in auto ppt, but not in
auto sup. Aggregated particles were observed in
no water. Original magnification is x 5,000.
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sonic ppt 91.0%
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Fig. 3 Viable cell counts of 5637 bladder cancer cell co-
incubated with sonicated, autoclaved or live BCG.
BCG was sonicated or autoclaved, centrifuged and
then fractionated to supernatant and precipitate.
These fractions were co-cultured with 5637
human bladder cancer cell line for 5 days. Viable
cells were counted by trypan blue staining.
Viable cells were significantly decreased in sonic
sup, sonic mix, auto sup, auto mix and live BCG
compared with control.

AL, HMIEEE control 12 L T 476% Td
D, ARZMBEIPHIZIEZ D (p<005). &
TR ALER I 4> Cl, sonic ppt CIRARELTD
ARBBEIE 91.0% &L FHI AR SN VDT L
C, sonic sup Tl 67.6% & WHMG|2E 57z
(p<0.05). F 72 sonic mix T, 525% & ¥#i|A%
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N

* p<0.05 vs control

=
®
-~

*H-thymidine incorporation of 5637 bladder cancer
cell co-cultured with sonicated. autoclaved or live
BCG.

BCG was sonicated or autoclaved. centrifuged and
then fractionated to supernatant and precipitate.
These fractions were co-cultured with 5637
human bladder cancer cell line for 5 days. Then
cells were co-incubated with methyl-*H-thymidine
for 16 hr. The growth suppression of 5637 cell
was analyzed by °H-thymidine incorporation.
Cellular growth was significantly suppressed in
sonic sup, sonic mix. auto sup. auto mix and live
BCG compared with control.

Rons (p<005). +— b2 L — 7HEHES T
i%., auto ppt T 886% L MBI R SNV DIZH
LT, auto sup Tl& 68.1% & HWRIPHIAH 51
7z (p<005). % 7z auto mix T, 60.5% & #ifl
MR SN (p<005). no water Tt 814% & FH
BapslidEonhzsro7z. (Fig 3)
3. 5637 #ifa& BCG DREIEHEICKS °H —
FIDUR)IAH

live BCG LIRAH# L72%HEH  control IZHE L
T 568% & i b EILIK ZX 0o 72 (p<0.05).

Tk AL TE | 2T ld, sonic ppt A% 99.7% & HNiE
BROLNZVDIZH LT, sonic sup Tt 63.3%
ERE WIS %R L7z (p<005). 72
sonic mix TH 613% & AR #HIAR SN/
(p<0.05). *+— bt 7 L —74L W5 Cid auto ppt
T84% L MEINR LN L VDT LT, auto
sup Tl 696% & BmIMHIA R 5 N7z (p<0.05).
F 7z auto mix Tb, 630% &G ELIHIRS
n72 (p<005). no water Tl 844% & BHZE 24
iR oniero7. (Fig 4)
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M X458 % M L 72 RSB o@mc L v,
Bo7R b= A% RRT 5HMNRGEGEIBIS
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Fig. 5 Apoptotic bodies visualized by Giemsa staining.
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sonic ppt

auto ppt

sonic mix

control

BCG was sonicated or autoclaved, centrifuged and then fractionated to supernatant and precipitate. These
fractions were co-cultured with 5637 human bladder cancer cell line for 5 days. Cells were stained by
Giemsa staining. Dark-stained spots indicated by arrowheads are shown in sonic sup. sonic mix, auto sup.

auto mix and live BCG fractions.

Table. Percentage of positive cells shown by dark-stained spots.

positive cells (%)* p value
sonic sup 271 = 106 0.0002
sonic ppt 72 = 132 0.4963
sonic mix 344 = 104 0.0002
auto sup 205 = 81 0.0002
auto ppt 96 *= 41 0.0696
auto mix 342 = 95 0.0002
no water 74 = 27 0.5708
live BCG 432 = 79 0.0002
control 67 = 25

*Values are expressed as mean+/-standard deviation.

2, FOEEIT control IZILL THZFIZE Do

7z (p<005). (Fig.5 Table)
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M 58 2 0 L 72 LiF o odimc Ly, 7
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sonic sup 2.28%
sonic ppt 1.80%
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auto sup 4. 49%
auto ppt  1.43%
auto mix 3.73%
no water  0.86%
live BCG  0.53%

control 1.80%

ooooBboB|0oao

ratio of apoptotic cells (%)

Fig. 6 The ratio of apoptotic cells of 5637 bladder cancer

cell co-incubated with sonicated, autoclaved or live
BCG.
BCG was sonicated or autoclaved, centrifuged and
then fractionated to supernatant and precipitate.
These fractions were co-cultured with 5637
human bladder cancer cell line for 5 days. Cells
and culture supernatant were harvested, stained
with PI, then analyzed by FACScan. The ratio of
apoptotic cells was significantly increased in sonic
sup, sonic mix, auto sup, auto mix and live BCG
compared with control. As auto ppt and no water
themselves were aggregated and misidentified
as apoptotic cell, bars in these fractions were
indicated as subtracted these influences.

fa& MR VR THIE L 7% 72, (Fig. 6)
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L7z &, Mz v (no water) & TiTo 7.
W BCG A AHEE LTIE, IhFTIZy#
BET % 100CY ToHh, HH VA — s L—
TREARHAL T2, —EDI vy AH
BoNTWAHEIZR V. KFRICB W TREK
EMZTIIEAROARE L — b7 L—TWH L 723
& (no water) XHADEIFIREICRY, Zh
% BEAEMIBT N 2 T b MR AR R R ILER O
Motz L72Ao TZ O EE TR LN FHK
BREREEHEL TV DEEZ LN —F
BHE KIS L7 BCG D34, Aol E
EPH-F IV VO ALDIMEDHKERL Y, B
FBALER &[RRI A R S h
7-. BCG ZKHICEE L TRE LA &
B EEICRER ARG 2 o TRHRZ
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b2 AN B (Y 152 R A B QR S W - R iR - g
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TWRALEZ X 5 BCG OE AT EREUE, #E
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N TE7. Gulle et al” 13 BCG % i85 U LFH
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4T il % KOS S8, REFNIERETRICHEE
THRSEBRELTWS, EELD, BT LA
# BCG 2 H T ¥ EROMIMREDMET 2 1T -
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TESHT, F/, 3000 M#xi X 20558 & v
I HENS, EEBSICOMBBER M EE NS
bOEEZOLND., EXETHMEIC L 2BEL
RT3, MlERBEOMIES R I N, MR 5
ELTCORRE, BESH, RmEY V7, £7-
12, MIREEE SN - Z LI X DR L2 EE
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& T, BCGOEEMPIESE RO L L C
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512 Shemtov et al'”” %, lymphokine-activated
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