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TG (pingyangmycin, bleomycin As, PYM) £k EEEE
BT GEME (Streptomyces pingyangensisn) FiTE £ RIS EF 5>
o REEERELR - PERHRATIEREEY) - THEEREE TSR
(S PR IE AR IR bleomycin R BIAVEMETIERIEEEY) —
FHCEREAREN - RIERSEEER - TE45EF - 3
FI MR T IS T GRS O B KB M4 R
PRI A R R e 2 Rl R T AR BBl - W — P BT H
EFITRES - EEEHEIREUR © UL Spg/ml IRERIPIBEEEIER 24 /)
Ptk - ¥ KB MY 4 R REFERE BB IBERIHIHIER (p <
0.05) ; FEREMER T~ - AUIEZURETEEEYIE R T BB ML M
BENEARETEERGRTESUEIE DNA Sk
DNABJER (p < 0.05) « S5—751H » BT A A BIEATHEGHE AL AT
(fibroblast) Rt IR ¥ IE# ASHAHRRAVEEER - BHRREDR
ELL Ing/ml JRERIFIGEEIER 24 /NRFE - BIREHNHIIRE AT
(4R R ARIE DNA FUE B (p < 0.05) 5 [RIRFFERIBRRIERAF T - &35
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Abstract

The antitumor antibiotic pingyangmycin (PYM; bleomycin A5) is
produced by Streptomyces pingyangensisn. The chemical structure of
PYM is similar to that of bleomycin (BLM), but their terminal amine
moieties are different. In this study, we used cell growth curve and
plating efficiency method to assess the inhibition KB cells growth by
PYM. In the meantime, the morphological variations of drug-treated cells
were also observed. And then, we used DNA synthesis inhibition assay
and DNA precipitation assay to evalute the antitumor mechanism of
PYM. Our results indicated that the effect of PYM significantly inhibit
cell growth and colony-forming‘ ability of KB cells in a dose-dependent
manner. The morphological variations of drug-treated cells were also
noted. Furthermore, when treated with 5pg/ml of PYM for 24 hours on

cultured KB cells, DNA strand breaks can be induced (p < 0.05).

Therefore, it is considered that the action mechanism of PYM is due to
its ability to inhibit the synthesis of DNA and split the DNA chains. On
the other hand, we used human buccal fibroblasts to demonstrate the

toxicity of PYM. We found that the effects of PYM significantly inhibit
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cell growth and DNA synthesis of cultured human buccal fibroblasts in a
dose-dependent manner. At the concentration of 1 pg/ml, the genotoxic
effects of PYM can induce DNA strand breaks of cultured human buccal
fibroblasts (p < 0.05). Therefore, we affirm that oral-maxillofacial
surgeons and physicians should take care to reduce the possibility of
normal tissue damage from effective chemotherapy in the treatment of

oral cancer patients.

Key Words: pingyangmycin, KB cells, fibroblasts, cytotoxicity,

genotoxicity.
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(GFTEEMEEREA 345 % — 256 % ' EOEDIEHIR S
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¥y bleomycin - [FIfRBIRAETEPTARELEY) - BB L =K
HEHMERESE (L-glucose and 3-O-carbamoyl-D-mannose and five
amino acids, one amine) * (EAE RIS BEA AT A § PEERIERE—K
43 As ( spermidine derivative ) ; [fij bleomycin | 5540 R > Hep
FERST B A, ( dimethyl sulfonium aminopropyl derivative ) » [ 55-
70% » HXE B, ( agmatine derivative ) - 5 25-32% ; bleomycin

FREE Asily  PBRREG 1% 24 -

ER PR RER BB R ASREEE bleomycin ARSEML ¢ BT AT
2 T T GRS R B R - DIgtH %
ERPRBEA _ER2%E - 534 - BB b R R D SR AR S A R iy
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(1) ZE

1. Acetic acid -- ----Merck, Germany
2. Aqueous scintillation counting fluid--=---===---- Dupont, USA
3. DMEM (Dulbecco’s Modified Eagle medium)---Gibco, USA
4. EDTA | Bio Rad, USA
5. FBS (fetal bovine serum) --Gibco, USA

Merck, Germany

6. Giemsa dye---

7. HEPES

___________________ Gibco, USA

8. ’H-thymidine-------

- Amersham, UK

9. KCI Merck, Germany
10. KH,PO, ----Merck, Germany
11. K,HPO, --Merck, Germany
12. NAHCO3~--- e Sigma, USA
13. PBS (phosphate buffer solution)---------- Gibco, USA

14. PSA (penicillin-streptomycin-amphotericin B)---Gibco, USA




15. SDS (sodium dodecyl-sulfate)-------mmeemeeee- Bio Rad, USA

16. TCA (trichloroacetic acid)--=-======-mm-mmemmmmmmm- Sigma, USA

17, TEIS nnmmmmmmmmmmmmmm e mmmmmn Bio Rad, USA

18. Trypsin- - TR Gibco, USA

19. GEE - T CELBE R, Kl
(2 &

1. Cover slip ‘ Bellco, USA

2. Immunofluorescence microscope--Nikon diaphot 300, Japan

3. Incubator Forma, USA
4. Liquid scintillation counter------------- Aloca LSC-900, Japan
5. Laminar flow------- - -Holton, Germany
6. Mettler toledo AB104, Switzerland
7. Multiwells-mmmmmmammummm- Nunc, Denmark
8. Phase contrast microscope -Nikon TMS, Japan
9. Pipetman Gilson, USA
10. Plastic petri dish------------- ----Nunec, Denmark
11. Plastic flask - Nunc, Denmark
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(3) BESL KA AR S
1. DMEM (Dulbecco’s Modified Eagle medium)
per liter (with d,-H,0O)

DMEM power 1PK

NaHCO; 3.79¢/LL
HEPES 4.75g/L.
pH valve 7.35

2.cDMEM (10 % )

per 100ml
PSA Iml

FBS 10ml
DMEM 89ml

3. PBS (phosphate buffer solution)

0.88g/500m! K,HPO,+ 1.01g/500ml KH,PO,
4. PR
REEL H EURSRYATS PBS ¥ > FCBdEaRE Img/ml By

PRIFISTE (stock solution) & » {ER-20 ‘CHIVKAETEEF -
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(4) MR S
I. KB 4
EERFT KB BN - (RARIRR ST eIk b 5w
e e s SRR T L e IR S S T8t - A
MR - (RIS RRINPY - 7637 °C & 5% CO FBFEAT

RS 48 /NERS > RSB REE o ILFER B8 (monolayer) Ff

AP - LA PBS ¥ (—) (phosphate buffer saline fin& Ca™*
F Mg®) ¥EiE% » A 0.25 % trypsin (Gibco, USA) EF » EARHEE]
HERRIFTE B — MR RRRIK (single cell suspension) » FAIASTHISS
B > H Uk trypsin B9PER » WA A MERETEUEEETEL - MEEMHEL
AMEEERLE - BEASRSEILF - WINAFTRISER - HEA
37 C HENRERFEAAP AR - 48 /IR E ISR RN
R - M B ES DMEM ¥ EHfnA 10 % fe4Inds (fetal
bovine serum, Gibco) K #1Z:3E (10000 U/ml penicillin, 10mg/ml
streptomycin and 0.025mg/ml amphotericin B) » SiEZH%E pH {E5 7.35

PP -
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IL. ASAHEREAHRE ( fibroblasts )

BERAT A MEHEREAIIE ( fibroblasts ) » (REVE =R F 8R4
FME > A BB RS LT o R e S R A o 7Y
FIRSF AR R T SEPE AR il - RREHFER - BTN K% 0.2em X
0.2cm K/NEEHEARGLISSME R IR EN S RILA - #iY)
A/ NBRTR A DMEM S58K iR 10% B4RV (fetal bovine
serum) P14 (10000 U/ml penicillin, 10mg/ml streptomycin and
0.025mg/ml amphotericin B) - I7FE%E pH fHFS 7.35 HFHA - 434
BRIERY 37 C H IR BAE 58 - 15 5-8 Ktk FIRAEZEEM
PR S B REME R A I 2 A O RE PR A B I B IRs > FIUAT 0.25 %
trypsin £2 0.05 % EDTA {Ef 5 738 - IRFEHERATERIBE - HEAST
RIS - WA AFTHIES W - A B By R
7 BB ASE - REBTeiEE ' B (passage) DANZ A
MERFAING > ELATAETEIT S - [FIRHTAE MR B2 BE PUAR AR IR
EHIgEY) s B ERES ) AR R RSB NIAR - IHE M
Mgt EERATA - RILERMTEA RSN RS/ (EAREEE

ETTAEE -
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= EBRUTE
(1) ZFLEEEMY (Multiwells method )

B S X 10 i KB ARSI - A 24 FLESB IS AT > BA
37 CIMIRSEEAEF R - 24 /NEHE - P » DL PBS
W (—) BEiRER - BRETERESN  FEHERES AL IIA S B EANENRER
- PREEEEER (0.5ng/ml, Ipng/ml, Spg/ml, 10pg/ml, S0pg/ml ) - 55
2 24 /NEFRS > IRFERTEYE - DL PBS ¥ (—) BRERARE - IIAKR
SEEYIRIE R ISR 48 /N - BLIPBS ¥R (—) PRiRiR - T
A 10% Giemsa Yty (Merck, Germany) Zuff 10 5348 5 7K¥k » 85
Bet% - BIEEENRFLMEREAEENER -

(2) ML AR (Cell growth curve)
SYBUEL 1 < 10° @ KB fHAGR 1 x 10° fE##ERHIA - AER
35mm 2 WBEEEN T ( S #YRES =EEEL ) BA37TC
< BRI o 24 /NIFTR > R EERSERVE - BREIRESY - 0
ANEZEAFERENTGEZEEER (0.5pg/ml , 1pg/ml , Spg/ml,
10ug/ml, 50ug/ml ) VEF 24 /NIF1% - ISTEEERSEVR - LALPBS ¥ (—)

VeI RS 0 BTSSR EE - BURAER 24 ~ 48 JL 72/
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P > EXHHEFEM - DL PBS #8 (—) VEIRER > J0A 0.1ml B9 0.25 %

trypsin REHHREHIEE - FAIA 0.9ml 2 5588 IR G99% » DUMERET
FUR PG T R - SIAMEZEYE 1R F AR B (Nikon
TMS, Japan) > ZREIEE KB MM S e R E R BURE ERY

L,

(3) RUHEI=EEFR (Plating efficiency)

#efk 30 {EEEERIL - /35 A 250 {8 KB i - ISR M
M THRR > BEASSRFETINER - 24/ NFE © ISSEENET R
AWM MASGRZENRRENTBEESEE®R (0.5pg/ml |,
Ing/ml, Spg/ml, 10pg/ml ) » FAPER 3 /NKf f2 24 /NRF#% > BEHGHTES 2
B MBERRE AR EEE 7 K (PR - 55T LAPBS
W (—) PRIERIRE% » A 10 % Giemsa H2ff 10 538 + PhEZERYS
R - IREIR THaEe - FIFEIREMET EA SRR I
LIS BT R BRA BRS 100% - STEAE T RIZEVIRE TRIEFER
WHEE P BRIEEILRE (ICs) °

(4) DNA &l EEs (DNA synthesis inhibition assay)

RHRE ST ERR 15mm EFEIRHETE - (cover slip) AL AL
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BFEEILPN » SRIBFERFLI Y BIMEA 1 X 10° 8 KB R 2 X 10" (E
MEHERHAENE - 5538 24 /ISR - RESERRE - BRETIRIESL - E i
AN R EN T EEREER (0.5pg/ml , 1pg/ml , Spg/ml ,
10pg/ml , 50pg/ml ) « YEFH 24 /NKff - WA EEEY) BB IIAE
0.5uCi/ml/well [methyl->H] thymidine (Amersham, UK) FAUEZEW » 1
TG 24 /NKF o DL 4 Co A a /Ky - 2L 4 °C 5% 2 TCA
¥ (trichloroacetic acid) E[EHAM » KE="K » K 30 /74 - FFLL4
C 2 BRI - R FIINEVEIOSTTE > FRZ TSR IEHRE
7 BB > MER TS IABRBEF © A3 cc 2B
9% (aqueous scintillation counting fluid, Dupont, USA) » /| F W& A4S
ST 8058 (liquid scintillation counter, Aloka LSC-900, Japan) JHIEAH

SRS G EE -

(5) DNA Ei5858Es ( DNA strand break assay )

A5 X 10° 8 KB AHEER 2 X 10" (E#AE RN > A 24 7L
BRIMETIAT - T 37 CoHRESERAaTHES - 24 /NG > 1}
L Dl PBS W (—) YEWEH 0 DIAE 02uCilmbvel
[methyl-*H] thymidine BOSFEWE - RIS 24 /INEF o IR = SHETAE
T EET RIS » BRI A S TR AT R AR S R

18




(0.5pg/ml, Ing/ml, Sug/ml, 10pg/ml, 50pg/ml) = 24 /NEF% » ks
W LPBS ¥ (—) ¥EiRE% - TERFLFINA 0.25% trypsin AR
Bt EABBREET - AN Iml fHIAER (NE 2 % SDS,
10mM EDTA, 10mM Tris, 0.05M NaOH ) » JAVKFERTER 1 448%%
FINA 0.5ml 0.12M KC1 - FEEIE A 65 ‘C/K¥ 10 4388 BUHEE % -
B UKIEPTERT 5 738 - FFLL 3500 rp.m HE0s 15 7388 - ERFRAEIA
BT - WHIA 1ml 0.05M HCL ;5 JTEYIH 2ml 65 “CZREH/KIE
® o BIAS BT - FERHFIA 5 cc ZPIBEH (aqueous
scintillation counting fluid) » FI|FI W EEEGMEET 85 (liquid scintillation
counter) JHI7E BN P& BEHRE -

, pellet radioactivity
% DNA precipitated = X 100 %
(pellet + supernatant) radioactivity

= et
KBS FOHTERRE Student’s t-test LI SERAA B T
AR EREE  BENEEFASEYME + %% (Mean +

Standard Deviation) -+ gz /K¥E (Significant level) o = 0.05 -

19




(1) ZFlEEEmyE

1L 24 AL BEIIFEELR  Al#BHEESLPERERR
o BEYIIREAE SOpg/ml I - MAERSE RG] - HEEERAC
U HER - MRELE Spg/ml K - Gt fi[E S R pRE B RE A
PG I UAREEME (B D) - I T EE BRSBTS
HERIRE 0.5pg/ml, Ing/ml, Spg/ml, 10pg/ml, S0ug/ml {EREELR

JE o

(2) Hif A iR

I KB #fffs

1 X 10°{E KB AHHAE A RLE 35mm 7 SERR M R » B8 24/ NKFAR
AMELE R (1.1140.03) X 10° {E#HHE ; 7EZEMEH 24 /NER R - IR
SIS (2.55+0.13)X 10° {ELHHE > S 0.5ng/ml A (2.55£0.16)X 10°
{EHHRE JERE 1ng/ml AR (2.2420.11) X 10° fEAHAE IR Sng/ml

A (1.64+0.19)% 10° (EAHNE » JE 10pg/ml A (1.1840.06) X 10 {H

20




AHAE -

ZEYIVERSE 24 /NERES - BHEEHEES (6.33+0.69) X 10° {ELHAD -
JEE 0.5pg/ml H (5.87£0.31) % 10° (AL > EE lug/ml BIE
(4.9840.24) X 10° {EAHHL JEE Spe/ml & (3.23+0.28) X 10° {ELHHT -

R 10ng/ml A& (1.96+0.13) X 10° {AXHAE -

SEYERSE 48 /NKF R BHIRARES (12.421.25)% 10° fE40HD - 2
B 05pg/ml A (11.320.54) X 10° {E#lE > EE lug/ml BIE
(10.40.36) X 10° {EIANfE 2 Sng/ml A (5.24+0.28) X 10° {EAMH -

JERE 10pg/ml A (2.98+0.46) X 10° {EKHH -

HEYWERRSE 72 /NER % o BHIRAHES (22.3+1.7)X 10° (EAAE - JfE
0.5ug/ml B (19.9+0.63) % 10° {ELHHI > JEFE 1ng/ml B (16.7+1.1)
X 10° AR JERE Sng/ml & (8.75+0.46) X 10°{EAHAED » Y& 10ng/ml
H (3.96+0.47)X 10° A LR S0ng/ml {8 R & M/ B 5EiE
h 2B RIS - B - BERIEPESHS > K

HEHEEEBIEC -
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IR B SRR AR B EL B - WA Student’s t-test ARET 1%
IEAGIATT - Al BEEREEY R R FABEEE Sug/ml KF - KB 4 KB

RUSZEIINE] (t=13.41,p <0.001) (B =) -

SOV RGAEZREMER (X 200) ATERERE] « B IRAEARAAEED
W FESEERT 0 KB MMES AR ER - MMORTfEINE RS
ARG © TIREE R EE S » SRS (B A, B,

C)-

I AR
1 X 10 {EARAEA A RS 35mm 2S8R - 553 24 /INIF
% MOEECE RS (9.69+0.13)X 10* (B ; FESEYIIERT 24 /NIF % -
HHEAEE (1.18+£0.10)x 10° {EAHEE » Y2 0.5pg/ml B (1.0940.11)
X 10° (E4THE » Y4 Tng/ml HUTFREZE (1.06+0.06)% 10° (FATHE » U
B Spg/ml A5 (0.86+0.03) X 10° {E4HHD JEEE 10ug/ml A (0.71£0.01)

X 10° {E A -

SEYIERI5E 24 /NERE# - BHIBARAS (1.58+0.12)x 10° (HARHE - I8

B 05pgml B (1.35£021) X 10° {EAHE - EE luygml BIE
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(1.13+0.04) X 10°{E&HAT JEFE Spg/ml 75 (0.93+0.09) % 10° {EHHH -

A 10pg/ml 4 (0.73+0.01) X 10° {EAHAE -

ZYIEFISE 48 /INF R > BIREEES (2.6540.10)x 10° fE4HHE > 2
B 0.5ug/ml A& (2.4140.07) X 10° {EMHE > EE lpgml BIE
(1.92+0.05) % 10° [EIMD JEFE Spg/ml 75 (0.98:£0.09) 10°{EATH -

VR 10pg/ml A& (0.79+0.05) X 10° {EIKHA

BBV 72 NEEES  BHEAEES (5.6820.05)X 10° (BN - 9
FE 0.5ug/ml B (3.50+0.1) X 10° {EAHHE » & 1ng/ml HIA(2.52+0.1)
X 10° (AT JRE Sughml 75 (1.1940.10) 10° [EATHE I 10ng/m]
5 (0.88£0.02)X 10° (EAHHE- T SOug/ml /1P ABHIAEBEBR e
TR B S A YR SRR
BRI 15 2 L -

i S A B SR A i ROV EL R - A6LL Student’s t-test AfTRT /54
IUEAGHIT » W S ER BRI RN EER Ing/ml I - BUGERMIRE R

B 20 (1=17.85,p <0.001) (&#) °
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SRR T IRl AU EER 2] (X 100) - B AH AIEARELEE -
FEZEVIERT - MAER RIS B e - MERRRRREIE K © B EEY)

REES  BMLBEEEE (BN AB,C) -

(3) MHAEMTE AR

DA [FIZ2Y 8 (E K BAEAE3 /N > LI A 17 SR B B AH
EL#ES 0.5 ng/ml > (87.9042.6) %  Ipg/ml> (80.38+12) % ; Sug/ml »
(53.5943.1) % 5 10 pg/ml > (39.15+5.2) % - B FEZEYEE/ER
KBAfifa24/NRR R - LI 25 AR P SR B IRAR PRI AIUSS © 0.5 pg/ml
(85.59+15) % ;1 pg/ml » (61.53+6.1) % ;5 5 pg/ml > (15.59+4.6) %

10 pg/ml » (0.6740.5) % -

Bt R AT 40 SRR KB 22 (e A7 A T
s R FR BRI 1&*&@%@%5&%%&@&?2@29 '
— 7T - BRI FEEIHE R SRR A KB e R Bl
JEIREE (ICs) * BEVI{F NG RI3/NIFES 6.2pg/ml - (R 24/

1.5pg/ml - (Et)-
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(4) DNA &R HIE SR

I. KB At

DNA FiEEY) ’H-thymidine fift 57 5% & i R B~ © BEYEE
0.5pg/ml Ff > DNA &REE IS (93.843.6) % » TIEE 1ng/ml
REE (87.948.9) % - JEFE Spg/ml B (80.745.6) % - JEFE 10pg/ml
B (65.947.5) % > Y2 50pg/ml £ (45.5£2.0) % - LA Student’s t-test
MR EFBEERRER Sug/ml FF - #f KB #ilg DNA &
AR HEEHIHIER S (t=4.38,p <0.05) IRER 10pg/ml KFt=64,

p<0.01 » JEEEE 50pg/ml B t=12.1, p<0.001 (&)L -

IT. HERL AR

DNA FiiB&%) °H-thymidine J 558 A5 RER - EYRE
0.5ug/ml iF - DNA SEBBBRES (99.443.5) % - MIEE Ing/ml
BFES (81.243.0) % » &P Spg/ml B (58.1£1.4) % - EE 10ug/ml
B (30.5+1.1) % o JERE 50png/ml B (2.440.5) % o [FEEELL Student’s
t-test MEETATEH > EFGEEREER Ing/ml K > SHEMEATE
DNA & AEBEIIRER S (t=5.18,p <0.01) ~J2fE Sug/ml KFt=

13.73, p <0.001 »32FF 10pg/ml B t=23.17,p<0.001 > 50pg/ml B t
p

=33.20, p <0.001 (B SL) °
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(5) DNA Bt be

L KB #ii

DNA 78855 > J9H Olive” P —EEN ER A1k -
A DU ZRAEANE 2 Y E 2 S IR LR AR DNA SRS HIF
HE | BRI EYEIER - B2 DNA §EEEIT - 35 DNA
B 7 nucleoprotein FEH () 7 DNA KEALEHIBHI
ENEHE L (UEY) - Bt £ LSS ATE DNA B ERS
(RIFT & AT REBIET) - R DNA T2 &SR - E4AERT
ZEYNEFE 0.5ng/ml F » DNA 7SR (% DNA precipitated) FS¥fHR
K2 (99.742.9) % - THEE 1ng/ml BFE (98.5%1.5) % B Sug/ml
B (83.542.1) % - B 10pg/ml £ (75.444.0) % » BE 50ug/ml &
(57.5%2.7) % < LA Student’s t-test S3ATEHEEL » 1540 ELURE Spg/ml
HUZISRIEETER KB AHMD 24 /NRF% - RERHEEERHNE DNA SRVl
Z4 (t=7.8,p<0.01); JEFE 10pg/ml BFt=28.48, p < 0.01 - & 50pg/ml

EEt=18.24, p <0.001 (B+) -

IL iR
DNA Enfsstial 7 EARIFIBURE 2/ FREH BERIE
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| FE0E ~ SRR B ER E E S AR, . TR REREY)
BEESEAERBEMEERTHILEE YA DNA SEEE - &
DI FVRE IS EEF e RN 24 /NEFE2 - BT DNA TR
( % DNA precipitated) 20" @ ZEYJIRE 0.5pg/ml I - REIRAHLZ
(87.249.0) % - MRE lpg/ml FFE (84.8£6.0) % ° BE Spg/ml £
(69.3+5.5) % - JEFEE 10pg/ml B (63.3+5.0) % - JEE S0ug/ml 5
(58.049.0) % - LA Student’s t-test 3 TR 541 » DUERE 1pg/ml B’S}$l%
R E FAE I 24 /NRF 22 RERARES FUHT D DNA SERIERSL (t=
3.37,p<0.05) ; [ElF - BEVIRE LS - ¥ DNA Frigpay 5 S R
= JBE Spg/ml KFFt=7.13,p<0.01 -~ 10pg/ml Kt =8.45, p <0.01
£

d 50pg/ml BF > t=7.0,p <0.01 (BE+—) -

el EERAER - BMRR - ERMEET - THEGRE
SIH IR A AR A 5 - T HC/F FI AR S U A DNA S8
2 DNA &R - S5—J7H » TEEEEREE R A JEIEFE e DNA &
HETR - SRIAT B AEREN | EEATEEERET R RRRE
(EFFHER PREERTANLAER, -
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B~ a

TR > BN TERINEEI 12 - Y R B I K I R T T
HIAERR » (1R R EBIGFRE T A B © SR ANZEYH 3

i

7~ FIERRRE - ARENRE RIS EEREE - Jit
EHAT > (CEIERESRIF - BEHARE R B EFRATRRE
TR =T E BT - N LBIaRAE NIRRT EHEERS
PHEITERBEEE © B—  SRIFITEREha R R RalEE - L
HR S ARIE RS R E A R S E R 4 B RS - 1
TEERER T  MLENAEE 2 AR - £ > FIFEIE
AR AT IR T R S G R 2 U IR IR e i PR A - /T
%&%%%@%’ﬁﬁ&@%%ﬁ%ﬁ°%i’kéﬁﬁ$%ﬁﬁ
HIF e B S E RO EREsaR i - R R B AT e E B R Ay EE

) BT IAE 25 .

EEEIR R DL R - RL S S ST T S B A 3
FIEIURREYINSE ) - T8 BN ERRSR X R P UREEY)
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MU ~ B IR AR AR E ) R R T g S R R

> BT LAMEATT—RE T S B S EaAA L - FERR PR I RTER AR E
—RYIREI KA IRIEAEE © bR T BN SR IR A R R R I
TEASS - [FIRSE L S IEH R B M SOB R IRER A -
R EE R [E AR S B i E > -

TR E A 2 E AR R R T U 2EY) - IR SUR
o PHEERENEE EEEIR H R AR S e E
B PTREEEY) — bleomycin AL ** 5 HIFA bleomycin 7EEEK _EE,
MR - B BRI AR S T 2 U B R E v
RIUREE 2% o T > FHMEEE— FREORIEED BB
SRR CR TR R E— S AT E RO ME R - TR ARt
RS TR SE R BB T o ER R DA B A A Mo
MHIZEE - RN R ERERES IR - BuETHYERR
PEEE T ERRIEAER - (AREREN - SR ER
TE - TRELARF R AR TR SR AU RS SR E R ERIR A AV E K
B MIETRS S SR E Y ERN T e — S ERiI2 %

21
=]
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TEAKFSR AR B AP i SR P 2RI A A JE I fefiiR I Ry e ik —
KB it - Zignfl S R TS 4 R R T RenOE R A -
B Z BRI E R GRENHENRER - FEEET
HAEER - FEHERHFEE - B2 Sng/ml BENFEEERER
24 /NRFR - ATRERENE] KB MMERIA R (p <0.05) ; FIRFFEEBERY
SEh > AIHERSA R EEE - RIS - B 0
AR N EE BRI BB R » ARER IR E RS
A 152 b R e B W 2 R A B PR A ¥ ( rupture of cell
membrane ) ~ KAFINIZYIEIfE ( disrupted of cytoplasmic organelles )
FH ST - %%E%*ﬁ’[ﬁﬁﬁk%téﬁﬁﬁi 138 Lo3R S B 2 1
(AHZEREMER I E] KB M GRERFR% - MinRRERyoE
FEZEAL -

S44 > AT S R A5 o S Puck SRHEH Y » FIRE
SUETFIBIRET  LEEFRE T - BARTERE
U R R ARSI T - AR TN
FEERRD - i a D B R ERN R T SRR
S IERAIE 45 - T — T R S e e i
6 S I R TE R B R A S A SR B 1 SACC-83 -
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Tl Tea 8113~ SFHRAE Ca 9-22 SEMEMIMRA EBRIE RARML ©° -

£ DNA &I 75T @ LL Sng/ml IR EREREM 24 /NEF
#% » *H-thymidine ffiCH 30 1 25 S RRARLAY 80.73 % (p <0.05) > 3R
TR E A T B EE DI MM DNA B9 & RCERE - R - B 7
HE—FRE - TFIEE (T DNA Briislls - DNA Erfesiz (DNA
strand break assay) » B¢ff DNA 7Tz 5% ( DNA precipitation assay)
M Olive” FrEHM—TEIREmIE - FRIFFRURE R BT
H DRI SR (L Y B R A I SLB I e A VB e B R
HE - AIRERIINL DNA RIS EGENRE < KEITE
Bt RIS E DA Sng/ml IR B MR R KB i 24 /NFF R
ePARE [ BEAE DNA SBEETR (p < 0.05) - AT > AJLIGRE ARG
RIS B BRI UUBTHEN . DNA SEi kA
ftt DNA F& L - & —BERIEL SRR ATt A BY bleomycin BYTEFIHE
HAERE T -

i > BRI EEREE bleomycin o ERYELE » FEAWTFE LR
IILAERET » Lapi 43 BIELER Ay ~ B, ~ AsEEST ¥ L-cells ( mouse

fibroblasts ) HYHIFIFER © - 3 As AMITERESR - B—TE »
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gefeH ' ¢ bleomycin %24 52% Bhrlich ascites carcinoma cells H
ICso * BEWIVEFD 2 /INKEES 33.0 meg/ml - SEWIVEFT 48 /NKRES 5.9
meg/ml LA RLUILIEBKE  E—F ERR ST R
bleomycin —%: ] » {AEFIRERREAE “ -

—HHE > MFATE TS SRR R - ey
EEERSIISE R — ERENEE - Fib  EENTERERE
S FE g A A A - %ﬁéﬁ%@%ﬁﬁ%%ﬁ@%ﬁ%@%ﬁﬁk“%ﬁ
TPIHERIITIE R 08 - RS » STKEEH1RH ¢ bleomycin ¥HAEIM S
HEEE V79 K CHO Mtk B EREN & REE/ N NEK T
Bk bleomycin [ » AIERFRESIHERSHENES ¥ > BRI
578 bleomycin {EE(LENAEEYG - HE T pe el s A —ER G
B R L Y - Mg B AR - QIFREEE bleomycin FIZEY(E
FIRSEAER O - SR BRI AR BN SRR B A H
ISR > T A5 SR 42 bleomycin HE FAHEHEARIR » RIEFIH
NG MR ES BB ERBEME -

AR RE SIS 2 B8 NERESEHE AT TR
HIEFHBAINAYEECER - N8 > iRPVERERTIEE KB A
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SRR - PSR B A TR » T RE R
WO RE RIS - BRI | E0L Lng/ml BRI
SIEH] 24 /N » TTARCTSIIERHEIER £ B (p < 0.05) B
WSEEIEIN A A - 7EAINOAE - FURI A
ST SR L - SR BN « T -
ssUEE R RS, CHO AMHAHIZ TR E A

fu

HYBEIERASIRABML - 72 DNA GEdI%I AT » LA 1ng/ml JBEEHZE
RS 24 /NEFTR - RERAREINHIHENE DNA BYSEL (p <0.05) :
LA DNA st BGE — S RHIFSREE T B A ERER - B
I DL Ing/ml RERITIGEERIER 24 /NFFR - ReDHEES [3000E
REHIEAT DNA SRR (p < 0.05) : EEH PERERHNRIMERA
HEEANEEAEREY: - A > TEEERE S bleomyein —HE
ERGHRRAIE RS - AT EE DI ZEERET -

RIRLL EEERAER - RS - ER/E BT > FBRERER
REFREIGIEREAINER AR - Rt aS AEEEIREEERNE
TEROPER - ERItL » BRAFIEEER © ok R B AT B TR ER
TLE IR AR LR - BRI EEY) S [ERY 1 S EAG B E R AT

» TEBAERIEAR DU B E IR AR R R B Ry

33




34



9 S S | ,
R _g‘(;/}'{;/)\/\
==
R "

A5: NH(CH2)3NH(CH2)4NH2 S
Azi NHCH2CH2CH28+(CH3)2
Bz'.’ NHCH2CH2CH2CH2NHCNH2

y
NH

[&— - 2R bleomycin F{LERAERER -

E;j “R” %%Xﬁ%i% O.
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0, 0.5, 1, 5, 10, 50

Concentration of pingyangmycin (11g/ml)

= - KBAIIEAE B2 R AR R -
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NUMEBER OF CELLS (x10™)

B=  FESEETRS MRS KB e
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EL3ER
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B - (A)

[ErY: (B)




& PY: (C)

2

B0 - R EE R 5 24 /NEHS > KB AliiRIpe > i
/ b (AEIEME > B)RE Sng/ml > (CFERE

50pg/ml (X 200) -
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] 0 pg/ml ]
®
T —— 05 ug/ml
S -
% — O 1.0 pg/ml u
- o
E-'IJ Zx 5 pg/ml
o 2-
% tH 10 pg/ml =7 O
x u
] / |
] ' ] o A
E ' - /:l = - i
z g; := n
0 | | T I T
0 1 2 3 4 5

B 7 NERETGEER R eiE 2 -
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78 (B)

41




& 75: (C)

iy

B ~ ZEIE B 22 24 /NI » M ST RE
Bl (A)SEAE > BEE lng/ml - (OEE

50ug/ml (X 100) -
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RELATIVE PLATING EFFICIENCY (%)

Sl

125

12.5

PYM DOSES (ug/ml)

FEA R ZEYp=IE KA FIRFE (F A 2 KB e
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125
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=l
E 100 -
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by
E. 75 =
A
L
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7, 50 -
:
<L |
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[
]
&
=
| O —

PYM DOSES (ug/ml)

[ /\ ~ TENEF SRR E AR > ¥ KB i DNA

LR B (%:P<0.05 > k% @ P<0.01 >

%%k % @ P <0.001) -
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g 125
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Bl ~ NENREFSEER RN DNA &Rl

Wl B2 (k:p<0.01, % *k:P<0.001)-

45




125

75 =

-
w

JdLVLIdIDHEd VNA

VG

PYM DOSES (ug/ml)

ji KB e

1=

3
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Kuo-Wei Tai, Yu-Chao Chang,
Lin Shin-Shen Chou and Ming-Yung Chou

Cytotoxic effect of pingyangmycin
on cultured KB cells

Abstract

The antitumor antibiotic pingyangmycin (PYM; bleomycin As) was isolated from
many components of bleomycin (BLM) produced by Streptomyces pingyangensisn.
PYM has the similar chemical structure to that of BLM but their terminal amine
moiety are different. Therefore, it would be significant to demonstrate the antitumor
effect and action mechanism of PYM on cultivated tumor cells. In this article, we used
the cell growth curve, plating efficiency, and DNA synthesis inhibition assay to
demonstrate the cytotoxicity of PYM on cultured KB cells. In the meantime, the
morphological variations of drug-treated cells were also observed. On the other hand,
we used the DNA precipitation assay, a simple and rapid assay, for detecting DNA
damage caused by PYM on cultured KB cells for potential genotoxicity. Our results
indicate that the effect of PYM significantly inhibit the cell growth, colony-forming
ability, and DNA synthesis of KB cells in a dose-dependent manner. Furthermore,
when treated with 5pg/ml of PYM for 24 hours on cultured KB cells, DNA strand
breaks can be induced (p < 0.05). Therefore, it is considered that the action
mechanism of PYM is due to its ability to inhibit the synthesis of DNA and split the
DNA chains.

Key Words: pingyangmycin; bleomycin As; KB cells; cytotoxicity.
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Introduction

The antitumor antibiotic pingyangmycin (PYM; bleomycin As) was screened out and
developed from many components of bleomycin (BLM) produced by Strepfomyces
pingyangensisn (1). PYM is a water-soluble glycopeptide containing the same
disaccharide moiety (L-glucose and 3-O-carbamoyl-D-mannose) and a peptide part
(five amino acids, one amine) as BLM. But in its terminal amine moiety, the
spermidine derivative (As) is the major component (1). Compared to PYM, the
dimethyl sulfonium aminopropyl derivative (Az2) and the agmatine derivative (Bz) are
the major components of BLM (2, 3).

Earlier reports have shown that the therapeutic efficiency of BLM for treatment of
malignant tumors is considered to be related to its ability to cause single- and double-
strand DNA breaks in vitro (4, 5). Because PYM has the similar chemical structure to
that of BLM, it would be significant to demonstrate the antitumor effect and action
»mechanism of PYM on cultivated tumor cells. Furthermore, the potential genetic
toxicity of PYM should be evaluated. On the other hand, the epidermoid carcinoma is
the most common malignant neoplasm of the oral cavity (6); therefore, the human oral
epidermoid carcinoma cell line KB was used as taréet cells in this article. And then
we used the cell growth curve, plating efficiency, DNA synthesis inhibition assay, and
DNA strand break assay to detect the cytotoxic effect of PYM on cultured KB cells. In
the meantime, the morphological variations of drug-treated cells were also observed

by a phase-contrast microscope.




Materials and methods

Cells and chemicals

KB cells, human oral epidermoid carcinoma cell line (ATCC CCL-17; American Type
Culture Collection, Rockville, MD) were cultivated in Dulbecco’s Modified Eagle
medium (DMEM; Gibco, Grand Island, NY), supplemented with 10% fetal bovine
serum (Gibco) and antibiotics ( 100 U/ml penicillin, 100 pg/ml streptomycin, 0.25
pg/ml fungizone) (Gibco). Cells were cultivated as monolayers in plastic culture

flasks (Nunc, Denmark) at 37°Cin an incubator (Forma, U.S.A) perfused with a water-

saturated 95% air-5% CO2 mixture (growth conditions).
Pingyangmycin hydrochloride was purchased from Hebei pharmaceutical factory
(Tianjin, China). A stock solution of PYM was prepared (1 mg/ml PBS); appropriate

concentrations were set up in Dulbecco’s Modified Eagle medium.

Cell growth curve

Cultures of cells in the exponential phase were diluted in fresh complete medium and
seeded in 6-well plates (Falcon; Oxnard, CA) (10° cells/well). After 24 h incubaﬁon
time, cells were treated with various concentrations of PYM (0.5, 1, 5, 10, 50 pg/ml)
for 24 h, then washed in phosphate-buffered saline (PBS) and added fresh complete
medium. The morphological variations of cells were observed under a Nikon phase-
contrast microscope. After changing fresh medium, cells were immediately harvested
by trYpsinization; respectively in 24 h, 48 h, 72 h, they were counted in a

hemocytometer.
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Plating efficiency

The ability to form colonies after PYM treatment was taken as a survival assay. Cells
were collected by trypsinization and seeded in complete culture medium (250
cells/cell culture dish, 60 mm in diameter). After treated with each PYM doses (0.5, 1,
5, 10 pg/ml) for 3 h and 24 h, cells were added fresh medium and incubated for 7 days
under growth conditions. Finally, cells were stained in 10% Giemsa solution and the

numbers of colonies were counted.

DNA synthesis inhibition assay

Exponentially growing cells were diluted in complete medium and seeded in 24-well
plates (10° cells/well). Before seeded, the sterilized cover slips (Bellco, USA) were
put into the plate. After treated with different doses of PYM (0.5, 1, 5, 10, 50 pg/ml)
for 24 h, the fresh medium supplemented with 1uCi/ml/well [methy1—3H] thymidine
(Amersham, UK) was added for 1 h. Then the radioactive medium was discarded and
cells were treated with 4°C 0.9% NaCl twice and fixed with 4°C 5% trichloroacetic
acid solution (Sigma, St. Louis, MO, USA) 30 min three times. Finally, cells were
washed with 4°C distilled water twice. The cover slips were taken up and put into the
scintillation vials. Liquid scintillation cocktail (Du Pont, USA) was added to each vial

and °H activity was counted in a scintillation counter (Aloka LSC-900, Japan).




DNA strand break assay

KB cells were plated 5Xx10* cells per well into 24-well plates. After overnight
attachment, cells were labeled with 0.2 uCi/ml/well [methyl->H] thymidine for 24 h.
After labelling, the radioactive medium was discarded and the cells were treated with
different doses of PYM (0.5, 1, 5, 10, 50 pg/ml) for 24 h. Then the cells were

harvested with trypsin (Gibco) and placed in plastic tubes; added 1.0 ml lysis solution

containing 2% SDS, 10 mM EDTA, 10 mM Tris and 0.05 M NaOH on ice for 1 min.

0.5 ml 0.12 M KCI was added and the tubes were immediately transferred to 65°C
water bath for 10 min. Finally, the tubes were cooled on ice for 5 min and centrifuged
at 3500 r.p.m. for 15 min at 4°C. The supernatant was decanted into a liquid
scintillation vial and 1 ml 0.05 M HCI was added. The pellet was dissolved in 2 X1
ml 65°Cdistilled water, poured into a scintillation vial. Liquid scintillation cocktail

was added to each vial and *H activity was counted in a scintillation counter.

Statistical analysis

Three samples were made for each condition in this study and data were analyzed by
Student’s t-test. Means and standard deviations were calculated. Probability values of

p <0.05 were regarded as statistically significant.
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Results

Figure 1 presents a comparison of the effect of different concentrations of PYM on the
cell growth of KB cells. When treated with 5 pg/ml PYM, the cell growth was
obviously iﬁhibited (p<0.05). Furthermore, the cells treated with high concentration
of PYM (50 pg/ml) were all dead in this experiment (data not shown). On the other
hand, phase-contrast microscope observations showed the morphological variations of
the drug-treated cells (Fig. 2). Some treated cells were greatly enlarged compared to
the untreated cells but several shrunken cells which appear to be loosing their
attachment were also noted (Fig. 2 B,C). Cells displayed the morphological changes
were usually associated with degeneration and death.

- Clonogenic survival was studied in cells treated with different doses of PYM. As
it can be seen in Figure 3, PYM had a clear negative effect on colony-forming ability
as compared to that of control cultures. Cells treated with PYM resulted in a dose-
dependent decline in the colony count. When cells treated with PYM for 3 h, the
relative plating efficiency (%) was as follows: 0.5 pg/ml, 87.90%; 1pg/ml, 80.38%;
Spg/ml, 53.59%; 10 pg/ml, 39.15%. When cells treated with PYM for 24 h, the
relative plating efficiency (%) was as follows; 0.5 pg/ml, 85.59%; 1 pg/ml, 61.53%; 5
ng/ml, 15.59%; 10 pg/ml, 0.67%.

In DNA synthesis inhibition assay, we studied the effect of PYM on [methyl-"H]
thymidine incorporation on KB cells. Figure 4 shows that the different doses of PYM
reduce the rates of *H-thymidine incorporation (%) in a dose-dependent manner (0.5
ng/ml, 98.48%; 1 pug/ml, 97.14%; 5 pg/ml, 86.52%; 10 pg/ml, 80.98% ; 50 pg/ml,

11.33%). When the cells were treated with 5 pg/ml of PYM, the synthesis of DNA
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was significantly inhibited (P < 0.05).

DNA strand breaks were detected by the DNA precipitation assay. When DNA
strand breaks were created by chemicals, the amount of DNA released from the
nucleoprotein ( supernatant ) was compared to that still attached to the protein
( precipitate ) (7). Thus, the proportion of DNA remaining in the supernatant was a
measure of the amount of DNA damage. Figure 5 shows that treatment with
increasing doses of PYM resulted in a dose-dependent decrease in the percentage of
precipitated DNA as damage increase. When treated with 5pg/ml of PYM for 24 h on

cultured KB cells, DNA damage can be induced (p <0.05).
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Discussion

Our results show that the antitumor effect of PYM significantly inhibit the cell growth
and colony-forming ability of cultured KB cells. In addition, that Sug/ml of PYM
significantly reduced the rate of synthesis of DNA on cultured KB cells can also be
demonstrated in our data. Some studies indicate that PYM has the similar effects on
mouse S-180, human HEP-2, and CHO cell lines (1, 8). According to Umezawa et
al.(2, 3), PYM has the same effect as BLM to block DNA systhesis and cause cell
death in vitro. On the other hand, the obviously morphological variations can be noted
by the phase contrast microscopy observations between the drug-treated cells and the
control group. As indicated by Wyllie et al.(9), cell death can be categorized as either
necrosis or apoptosis. At a morphological level, necrosis is associated with cell
swelling, the rupture of cell membrane, and the dissolution of an organized structure.
In contrast, apoptosis is characterized by cell shrinkage and chromatin. Therefore, the
possibility that PYM may induce a form of programmed cell death cannot be excluded
in our study. For further information, the in-situ DNA fragmentation assay could be
used to see if DNA fragmentation localized to a larger, necrotic type of cell or a
shrunken, putative apoptotic cell (10).

DNA precipitation assay provides a simple method for measuring DNA strand
breaks and the advantages of this assay such as speed, cost, sensitivity which are
better than other used assays (7). This assay for detecting DNA damage and repair has
proved it useful in screening agents for potential genotoxicity (7, 11). In our study,
when treated with Spg/ml of PYM for 24 h on cultured KB cells, DNA damage can be

induced (p<0.05). Therefore, the action mechanism of PYM could be considered to
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be linked to its ability to cause DNA strand breaks in vitro. Previously reports have
shown that BLM-induced cell killing is due to DNA strand cleavage, and the resulting
loss of chromosome fragments (4, 5, 12, 13). Thus, PYM has the similar action
mechanism to that of BLM. However, it is considered that the antitumor activity or
toxicity of PYM would be different to that of BLM because of the different terminal
amine moiety (8, 14-17). Lapi and Cohen have reported that the spermidine derivative
(As) is more toxic to cultured cells than the dimethyl sulfonium aminopropyl
derivative (A2) or the agmatine derivative (B2) (18). Whether the therapeutic
efficiency of PYM is better than BLM or not, more clinical researches are needed.

Recently, because of the fairly extensive use of BLM in clinical chemotherapy, its
genetic toxicity has considerable and practical significance. Some studies have been
reported on bleomycin-induced mutagenesis on cultured mammalian cells (19-21).
Furthermore, a few data on carcinogenic effects in humans are available, since most
tumors commonly treated with BLM are associated with high morbidity (22, 23). Thus,
that BLM is at most a weak carcinogen in humans can be considered (12, 13). On the
contrary, there is no evidence to verify that PYM will induce mutagenesis on cultured
mammalian cells. However, the action mechanism of PYM to induce DNA strand
breaks in vitro is similar to that of BLM, so we affirm that the genetic toxicity of
PYM should be noted when the cancer patients are treated with PYM in clinical
chemotherapy.

In summary, it has been shown that pingyangmycin has a cytocidal activity against
cultivated tumor cells (KB cells). The action mechanism of pingyangmycin is due to

its ability to induce DNA strand breaks in vitro.

68




References

1.Xue, S.B., Cheng, Z.H., Liu, H.T., e al., Effects of bleomycin As on cell cycle of
Chinese hamster ovary cells. Chung Kuo Yao Li Hsueh Pao. 1984, 5, 112-114. (in
Chinese)

2.Umezawa, H., Maeda, K., Takeuchi, T., Okami, Y., New antibiotics, bleomycin A
and B. J 4ntibiot. 1966, 19, 200-209.

3.Umezawa, H., Takeuchi, T., Hori, S., Sawa, T., Ishizuka, M., Studies on the
mechanism of antitumor effect of bleomycin on squamous cell carcinoma. J Antibiot.
1972, 25, 409-420.

4 .Byrnes, R.-W., Templin, J., Sem, D., Lyman, S., and Petering, D.H., Intracellular
DNA strand scission and growth inhibition of Ehrlich ascites tumor cells by
bleomycins. Cancer Res. 1990, 50, 5275-5286.

5.Giloni, L., Takeshita, M., Johnson, F., Iden, C., Grollman, A.P., Bleomycin-induced
strand-scission of DNA : mechanism of deoxyribose cleavage. J Biol Chem. 1981,
256, 8608-8615.

6.Shafer, W.G., Hine, M.K., Levy, B.M., 4 textbook of oral pathology. 4th edn.
Philadelphia, W.B. Saunders Company, 1983, pp. 112-127.

7.0live, P.L., The DNA precipitation assay: a rapid and simple method for detecting
DNA damage in mammalian cells. Environ Mol Mutagen. 1988, 11, 487-495.

8.He, N.G., Zhang, H.Q., Song, P.G., Liu, ZM., Xue, S.B., Mechanism of
enhancement of bleomycin As antitumor activity by verapamil. Yao Hsueh Hsueh
Pao. 1991, 26, 15-19. (in Chinese)

9.Wyllie, A.H., Kerr, J.F.R, Currie, A.R., Cell death: the significance of apoptosis. /nt

Rev Cytol. 1980, 68, 251-356.

69




10.Tounekti, O., Pron, G., Belehradek, J., Mir, L.M., Bleomycin, an apoptosis-
mimetic drug that induces two types of cell death depending on the number of
molecules internalized. Cancer Res. 1993, 53, 5462-5469.

11.Cortes, F., Panneerselvam, N., Mateos, S., Ortiz, T., Poly-D-lysine enhancesﬂ the
genotoxicity of bleomycin in cultured CHO cells. Carcinogenesis. 1993, 14, 2543-
2546.

12.Vig, B.K., Lewis, R., Genetic toxicology of bleomycin. Mutat Res. 1978, 55,121-
145.

13.Povirk, L.F., Austin, M.J.F., Genotoxicity of bleomycin. Mutat Res. 1991, 257,
127-143.

14.Li, A., Wang, T., Yang, R., Pingyangmycin-induced chromqsome damage in
lymphocytes of laryngeal cancer patients. Chung Hua Erh Pi\ Yen Hou Ko Tsa Chih.
1994, 29, 333-335. (in Chinese)

15.Wennerberg, J., Kjellen, E., Lybak, S., Rydell, R., Pero, R., Biochemical
modulation of chemotherapy and radiotherapy in head and neck cancer. Anticancer
Res. 1993, 13, 2501-2506.

16.Teicher, B.A., Herman, T.S., Holden, S.A., Combined modality therapy with
bleomycin, hyperthermia, and radiation. Cancer Res. 1988, 48, 6291-6297.

17.Seymour, C.B., Mothersill, C., Cusack, A., Hennessy, T.P., The effect of radiation
on the growth of normal and malignant human esophageal explant cultures pre-
treated with bleomycin. Br J Radiol. 1988, 61, 383—3 87.

18.Lapi, L., Cohen, S.S., Inhibition of the lethality of bleomycin As in L-cells by
hirudonine. Cancer Res. 1977, 37, 1384-1388.

19.Nagy, B., Grdina, D.J., Protective effects of 2-[(aminopropyl)amino]ethanethiol

70




against bleomycin and nitrogen mustard-induced mutagenicity in V79 cells. J Radiat
Oncol. 1986, 12, 1475-1478.

20.Nishi, Y., Hasegawa, A.M., Taketomi, M., Ohkawa, Y., Inui, N., Comparison of 6-
thioguanine-resistant mutation and sister chromatid exchanges in Chinese hamster
V79 cells with forty chemical and physical agents. Cancer Res. 1984, 44, 3270-
3279.

21.Akiyama, S., Kuwano, M., Isolation and preliminary characterization of
bleomycin-resistant mutants from Chinese hamster ovary cells. J Cell Physiol. 1981,
107, 147-153.

22.Canﬁellos, G.P., Can MOPP be replaced in the treatment of advanced Hodgkin’s
disease? Semin Oncol. 1990, 17, 2-6.

23.Bonodonna, G., Valagussa, P., Santoro, A., Viviani, S., Bonfante, V., Banfi, A.,
Hodgkin’s disease: the Milan Cancer Institute experience with MOPP and ABVD.

Recent Results Cancer Res. 1989, 117, 169-174.

71




