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Study on the Mechanism of Bleomycin Resistance
Acquired in Cultured Human Epidermoid

Carcinoma Cells
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Masakazu SUGI
The First Department of Oral and Maxillofacial Surgery
Osaka University Faculty of Dentistry
1-8, Yamadaoka, Suita, Osaka 565, Japan
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Three kinds of BLM resistant strains from human
epidermoid carcinoma cell lines were established in vitro
by a multistep selection with increasing concentrations
of BLM (0.1-1 pg/ml). These strains were designated as
HeLa—BLMr, KB-BLM" and-Hepd-uvBLMr, respectively, and
were investigated to elucidate the possible mechanisms of
BLM resistance: i) membrane permeability of BLM, which was

3

examined as the uptake and efflux of "H-PEP, a new BLM

derivative, ii) BLM-inactivating activity of cell extracts

by bioassay for antibacterial activity with B. subtilis PCI
219 strain, and iii) DNA repair activity after UV irradiation.
Consequently, HeLa-BLM~ and KB-BLM" cells showed about
40 % reduction in 3H-PEP uptake, and HeLa-BLM® and Hepd-
uvBLM" cells showed the elevated level of 3H-PEP efflux as
compared to the parental cells. KB-BLM® cells, which had
lost BLM resistance by 30 cell passages in BLM~free medium,
demonstrated the fecovered uptake of 3H-PEP to the same
extent as that 6f the parental cells. Assay for BLM-
inactivating activity of cell extracts revealed that HelLa-
BLM- and KB-BLM® cells contained 1.6 to 1.9-fold higher
activity than did their parental cells. Further, HeLa-BLM"
and Hepd—uvBLMr cells were found to be much more resistant
to UV irradiation than their parental cells, indicating that

these two resistant cells carry the high DNA repair activity.
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From these findings, it was indicated that above three

factors at least were involved in the BLM resistance.

# When effect of treatment of HeLa cells by mutagens

such as UV, X-ray and mitomycin C (MMC) on.the frequency of
emergence of BLM-resistant cells was éxamined, it resulted
in the tremendous enhancement of 10,000-30,000 fold as
compared with the frequency by a multi-step selection.
Twenty three BLM-resistant clones(HeLa—radBLMr,HeLa-mchLMr)
isolated from the colonies formed after X-ray and MMC treat-
ment exihibited 6.4 to 25.2~fold degree of BLM resistance,
comparable to that of HeLa-BLM® cells. Typical few clones
of HeLa-radBLM® and HeLa-mmcBLM' cells examined demonstrated
the same mechanisms of BLM resistance as those of HeLa-BLM"
cells.

Cross resistance of these BLM-resistant cells against
eight kinds of antitumor agents was examined. As a result,
all of five resistant cells examined carried the cross
resistance against three to seven agents when estimated for
those with more than two-fold degree of resistance.

To attempt the overcoming of BLM resistance in vitro,
combined effect of non-antitumor agents with BLM was tested.
Filipin, an antifungal polyene antibiotic, and Verapamil,

a calcium antagonist, stimulated 3H—PEP uptake and efflux,
respectiveiy, and promoted cytocidal effect of BLM to three

BLM-resistant cells markedly. Furthermore, nicotinamide,
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an inhibitor of poly(ADP-ribose) polymerase, enhanced
the cell killing by BLM of HeLa-BLM' and Hepd—uvBLMr,
which carried the high DNA repair activity, but not

of KB-BLMY cells.
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““W’M‘bﬂ*ﬁ + BLM 19 (a) ~ BLM ¥v) b) (a/b) 7
HeLa 88,77 82.5 830,900 865.0 0.10 (2.50)
HeLa-BLM® 126,188  157.0  1060,900 980.0 - 0.16 (4.00)
KB 117,121 119.0 820,800 810.0 0.15 (3.75)
KB-BLM® 202,172  187.0 720,600 660.0 1 0.28 (7.00)
Hepd 72,77 74.5 640,600 620.0 0.12 (3.00)
Hepd-uvBLM® 83,70 76.5 730,700 715.0 0.11 (2.75)
B irm. 41,46 43.5  1412,1008  1210.5 0.04 (1.00)
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HeLa-BLMT® 0.56 (}) (t) 1.6 (4?) 24.5 (tt)
KB-BLM® 0.60 () () 1.9 (4?) 1.0 (=)
Hepd-uvBLM® 1.00 (—) () 1.0 (~) 93.5 (i)
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$17 () g.g P RLRT
uv 0 1216  100.0 - -
(sec) -1
10 1014  83.4 295 1.48 x 10
20 876 72.0 232 1.16 x 1071
30 766 63.0 215.5 1.08 x 10”1
X-ray _ -
(oY 0 1216  100.0
50 724  59.5 262 1.31 x 107"
100 624  51.3  175.5  8.78 x 102
200 580  47.7 108 5.40 x 1072
b
% B¢ 11
MMC 0 671 100.0 - -
(ng/ml) -1
0.1 589  g7.8 508 2.54 x 10

0.5 546 81.4 369.5 1.85 x 10
1.0 436 65.0 312.5 1.56 x 10
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@) (%)

1 16.6 1 17.4
2 15.0 2 25.2
3 10.6 3 20.0
4 1.4 4 20.6
5 11.8 5 19.2
6 13.2 6 14.8
7 21.0 7 18.4
8 6.4 8 16.6
9 12.2 9 14.0
10 10.3 10 17.2
11 13.7 11 15.6

12 13.8
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;M—g'.,%?% HeLa HeLa-BLM® KB KB-BLM® Hepd Hepd-uvBLMT®
(D) '

0 41.4 + 9.0 46.1 + 2.8 45.1 + 3.6 44.3 + 9.2 56.3 + 10.3 62.8 + 10.4

30 219.2 + 37.2 151.6 + 5.9 | 326.2 + 43.9 241.1 + 30.1 461.4 + 100.5 424.6 + 93.4

60 319.9 + 14.1 206.7 + 17.3 | 439.2 + 44.7 272.4 + 5.5 717.2 + 72.3  670.5 + 26.8

7€/ (10ug) .
+ 420.9 + 52.0 397.1 + 69.8 {1270.4 + 167.7 1207.0 + 130.3 { 1614.2 + 25.0 1772.4 + 52.7
60

(dpm + SD)
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