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Apoptosis Induced by Adriamyecin in HeLa Cells

Sun Young Kim, M.D. and Sang Sook Lee, M. D *

Department of Patholagy, Gyeongsang Nalional University College of Medicine awnd
Keimovung University School of Medicine®

This study was carried out to demonstrate the mode of ADE-induced cell death{apoptosis) on
the light and electron microscopic features, to measure the apoptotic index dependent on various
doses of ADR, to investigate the possible mechanism of apoptosis induced by ADR, and to evalu-
ate ISNT method for the detection of DN A strand break.

HeLa cells were treated with various doses of ADR, 0.1~100.0 ug/ml and observed under the
light and transmission electron microscopes at 6 hours, 1 day and 3 days after ADR treatment. In
addition, DNA strand breaks induced by ADE were detected in Hela cells using the in situ nick
translation(ISNT) method.

‘The results were as follows:

1} The cell viability of HeLa cells decreased and the apoptotic index increased following expo-
aure to ADR in a dose-dependent manner, resulting in about 44% of apoptotic index at 1000 g/
ml of ADE treatment.

21 Light microscopically, Hela cells treated with ADR showed shrinkage or condensation of
nucleus and cytoplasm. There were various nuclear changes showing irregular, large, delineated
masses of condensed chromatin abutting on the nuclear envelopes. Later stage of apoptosis re-
vealed contracted and condensed cytoplasm with irregular cell membrane.

Electron microscapically, margination of condensed chromatin, dilatation of endoplasmic retic-
ulum under the plasma membrane, aggregation of cvtoplasmic organelles with morphologically
intact mitochondria, and irregular cell surface with blebbing were observed.

3) ISNT using biotinvlated dUUTF exhibited strong positive nuclear staining in Hela cells
treated with ADE. There was a marked response at 10.0~200 gg/ml of ADE treatment.

[t is concluded from the above results that the death of HeLa cells induced by ADR was
apoptotic in type based on light and electron microscopic appearances, The apoptotic index cor-
related with the increasing dose of ADR. [SNT with biotinvlated dUTF led to visible evidence of
DMNA strand breaks following ADR treatment of Hela cells. ISNT can be used for detection of
DMNA degradation, caused by activation of endogenous endonuclease, which is an early and spe-
cific characteristic of apoptosis. (Korean J Pathol 1993; 27: 433 ~442)
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caesiusol 28] whEolz ¥ o HyA f4FY
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LAl H@dsojx s zel SE(programmed cell
death)e 2 F|apsh= ohe] cigl H Lo 448 gle
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1. 48 ™M=

Hela 4 Z5(ATCC CCL-2)% 10cm #2s =
ok HAl(petri dishlel FF&ked 37°C, 5% CO, &2
el 10% F-elelHA(fetal bovine serum,
Gibco, USA)® &-441(100 units penicillin and
100 g streptomycin/ml, Gibeo, USA)7 E%5
Minimal Essential MedialM EM, Gibco, USA)&E
chd e 7 woksbsich, vzl 3~dd=bch mEkal S5l
e},

2. % % %= xe

1) 28 Adriamycin(g4S450]4, of )]
Smg/ml, ek & FFF2 45 1 mg/ml
o) Frg abs & Hokake] MEM$ AHEdl 01,
0.2, 0.4, 1.0, 2.0, 4.0, 10.0, 20.0, 40.0, 100.0 ug/
mlg FEF ubEe] AH&3gic}

2) %& Hel: ek 3 Aol A Hela Al 2F
0.25% trypsin(Sigma, USA)e & 37Cel4 5~10
7k AMEdle] dd HE S£5FEFE uEgc o &
Hela #l%29 F=& |x10°H/mlz 243 6cm
Z 7] ek HAle| £5% F 37°C, 5% CO; #&7]
oA 484 2kEab wickelalch %E elE Hates
A el el W 22122 mme "AFEE
g ek FAE AbEstee o F o2 elgk 34
0.1, 0.2, 0.4, 1.0, 2.0, 4.0, 10,0, 20,0, 40.0, 100.0
eg/ml F52 ADRe] 4al wi=]E Fedsfed 37°Co
A 1417} Melsbdet, o £ ADRe] #el #i=EF gl
o iL phosphate buffered saline(FBS), pH T4&
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2wk MH el He] gol gl ADRE Al sl
o2 oo 10% Felelsl A syt 28 4
MEM wi=l2 mgste 724]3F F9b of dsiedc),

3. MZ HES ¥ DA Al$(apoptotic index)
=

#t7] oL 552 ADRe 2l Zel5 Hela 4=
=9 £4%F Eiak Gem Wk Halel in situ
trypan bluesd 45 & 1007 o]4ta] 418 o] =
2 dA5(F2) MEs) s gkeral) Az
Tkl AHe 322 Jre] Aashe] ol
B AEE AM Az Jr §EE S HEAded
(cell viability, %)2 #73 Wgle) a4 24= =
HelH AMEYEEE 4 HEEZ 43314, ADR
2| 5ol v Hela 452 #&§ v w4 28
A4 e mabe o),

4. Hejsrs @

1) SHM0|HE JE: A% vicka] wigk e o
2] ol & doilfal T2 wiok #a) zael tial 4
E BH+E& cytospindle 2tE Felel=F Giemsa
Y45t ADRA 2] & 6417, 19 = 30w 3
Fuldez Bdsecl GiemsagdAe wlek 34
wi=]F Azt PBSE 5 # #24 £ PRSs &
Uik ok viglEd& Heof 50% Fio oelgR obE
el = F 100% wighE& o] 1085qr Ae)sd
ot Al 4 Giemsa Y4 2mlE Hof 28 Eqg =
3 a5 8mle E& Feof EFE F o4 28 5
dAs et E2l B} SH45o] He F E5)7) gl
& o Belfn|rez Pxsec}l HeLa %7 =
2 735 dAR249 cytospingt ASE TUg 4
22 Giemsasd4-& 4439}

2) EA#o|dY HE: viokdt HelLa 429 o
AEAE 220 wlsd FlAlel A el & Al G 5 tryp-
sin®® b~10&5et #Mejdsln FHsles Felials
Hhg Zabele] Z|AH oz 4 ZF Halele] clal 4
FiEd o5k 1000 RPMos 6359 914 &
gahed A walo 2 MT AAEE Azpia)
H ARger ALalyco)

“E HAHEE 25% glutaraldehyde #elez |
~4Cell 4 24]7} 24§ F3 0.1M PBSE 4 ¥
¥ 1% OsOcf<fol4] 2417F Soad A4)stn e
PESE A ¥3led Ad ojghg 2 shf-3lech Propyl-
ene oxideE A 38 & Lufteb™e] 2§ epon &
s Foidled 37°Cell4 1243, 45°Ce] 124]3),
60°Cell 48417} ot wha)sle] AF e 413}, Eof
#H Z=aE | pmFol e b sked toluidine blue 4
= e B FHEF AAY obg 292 Sorvall
MT 50008 2447+l Dupont diamondZ-& -2

sted #9 4{40~60 nm)e| 4 4E vehde Zut
HH-E oA gridel H23le] Watson™ = Revn-
olds® ™=l 2|4 uranyl acetate®} lead citrate
2 oo FHatd M A4 sl Hitachi H-6008 %3
Ao Aoz Pasigicl,

5. In situ nick translation(ISNT)2} 2144

Nick translation assay 5 & HelLa 4 =&
Lab-Tek tissue culture chamber/slides(Miles
Scientific, USA)«l #1% c}<kgt 55 ADRo 2
He| stgeh Lab-Tek ebel=atie] wer &£7)2
AA s PBSE 4143 & 70% ollebSo] 42afa
10-£59F st etsEoh 50 mM tris-buffered saline
(TBS), pH 7.5 33, =} 585gl A3 sx o o8
D mM MgClel 33, z 5%zF A A F9ich 70%, 90
%, 100% ol ghgo =4z =iz} 284 elya] gl
ihaler, NTH94S Ueda™-of 2ls] A4 aigz
ubEel febel= flof FHulak 2 & 37Cel4 14
b Eqk vk 2 o

NT &+ #3F =+ 50mM Tris-HCL,
o mM MgCle, 0.05 mg/ml bovine serum albumin
(Sigma, USA), =tz 50M2 dATP, dCTPE,
dGTP(5igma., USA), biotinvlated 16-dUTP
(Boehringer Mannheim, Germany), 0.01 M 2-
mercaptoethanol(Sigma, USA)2E 100 units/ml
Escherichia coli DNA polymerase [{endonucle-
ase-free, Boehringer Mannheim, Germanv)s ¢
Fof Fc}

NT ub: & TBSel st w22 £zdlgo,
DNA~7} nicks %%l 4= biotinylated dUTP
+ streptoavidin-biotin alkaline phosphataset
Hell 2|3 = du=oz A3l HelLa 4l%o]
U= APEA g NT 29452 TBSE 433y
AALE F =22 A3 fol 2=lake] streptoavidin-
alkaline phosphatase, 1:200(Vector, USA)S =
i 37Ce A 30-+F9b w43k TBSE 43
¥ F new fuchsin® A8 wdsjglon
Mever's hematoxyline 2 2 < 43le] -3 o
d el Paalde) ekdul2 e HelaH £52 4
+ HEdeE oq=qi

= o}
1. HeLa MiZ2| ¥Z& U 1M X%

Hela 4| £2 A&&2 cHagola 3 05%¢%
2t ADRE F%7t F7itel] ol il 3hL s e
1000 g/ml $x2 ADRE& Fod5F HZefA= o
H6%e| AEESE vehdgich vl w4} A4 ADR
8] Exof wleldle] Azl Frhsle] 100.0 pg/mle
ADRF=A 2 44% 9 H(Fig. 1).
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Fig. 1. Cell viability % of HeLa cells after admini-
stration of adriamycin. There is decrease of
cell viability of HelLa cells exposed to ADH in
dose-dependant manner. Cells(1X10F) were
cultured in 60 mm plastic dishes for 48 hr and
then exposed to ADK at 0.1~100.0 s2/ml for 1
hr. The viable cells attached to the dish were

counted,

(621715 wlok el oNEa] e Az A
il e w100 pg/mlel #HEze ADRE Fod
HelLa AlZelsy wistrl A9 gigdev 1000 pe/
mleg] 25=9 ADRE Fod dZEoldes FF AE
8 25 YA A2 71He] WeFeos 2] =
ele oA So Sl Giemsaddold Fa%
Al 5% ALEL dEzote] s FEA 4
glelew e = A FHEe] eludcd, ADRE
Bedgl ¥ led#2] HelLa £+ 64 7b49 vt
ka8 ¥gich

ADRE 5Foigl =z 34yt HelLa Ml252 #5x
(0.1 pz/ml)2] ADRES Fod flg w 22} HEFe] =
EA 2ol ADRES Hojulal @& dlzga & 3el&
wolz grelcHFig, 2a). 0.4~4.0pg/mle) ADRE
Sl & o nah ME 21 Fe| Fobadda, 100~
200 pg/mlel ADR2 FEeofMs oS g HE
o] mabr} P ed omi(Fig. 2b) 40.0~100.0 mg/ml
2] ADR Hxelse Adzog Az 43 4
]2 Z715l 2 245 Y + sl (Fig 2c).
HeLa AEF = AL FH&2 9kE¢ cytospin
i ¥ Giemsasl & & £ 23 ADRE Foigli
ol A Ha5] =HE sap H2Ee] S#EEE,
ADRE Fodlml st ol=F2 Hela Al Z-lH+
T4} M2 cEYchFig 3a). o8l A} HZ2EE

Fig. 2. HeLa cells exposed to adriamyein{ ADR) at various dose for 1 hr, showing apoptotic cells by in situ trypan
blue stain{x100). The apoptotic cells show shrinkage and condensation of nucleus and cytoplasm.ia)
Untreated Hela cells showing no apoptotic cells; (h) HeLa cells exposed to ADE at 10.0 4g/ml. showing
increased number of apoptotic cellslarrow) (c) Hela cells exposed to ADR at 100.0 sg/ml showing a

markedly increased number of apoptotic cells.
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Fig. 3. HeLa cells by Giemsa-stained cytospin preparations. (a) Untreated HeLa cells showing no apoptotic cells
(>100); (b) HeLa cells exposed to ADR at 100.0 sg/ml showing apoptotic cells(arrow) with shrinkage ne-
crosis in high percentage of cells{=100); (c) Hela cells exposed to ADR at 20.02/ml showing small
shrunken apoptotic cells with nuclear condensation, fragmentation, and cytoplasmic condensation(

200).

4 AN

Fig. 4. Hel.a cells exposed to ADR at a dose of 20.0 up
/ml for 1 hr, showing apoptotic cells by in situ
Giemsa stain(x 100). There were various nu-
clear changes with sharply delineated, irregu-
lar masses of condensed chromatin, abutting
on the nuclear envelopes{arrow).

ADRF =2 F7bell web el 10000 e/ ml e
ADRFSeH 72 wls% azlatgd cHFig, 3b), &
=4 malel 7] clAle] £34q] #e) & ou) o
o] dglezs] o)F o o] Yz ze zaEal oz
Areh e Ebr] ofEE Sdl® M ZE A 4 gl
ovi{Fig. 3c) Abal-E o443 A £52 ghaks]a] o)
otel, AbE Yoyl Hela 4l %9 8lees n¥%e]
ADR& Fod#lE o] na}s] 7)o o) 4|22 &
3 Fud ekalez Jelydch ADRE A els
HelLa 4|22 #2 F&2 fulaiAL} & 22gie
choFdt 2oke] 4315 Jehdgded s |
e & 7 dabe] gl ek YA Fokell 93
g 2ol gleli, =3 Fusl gade] st spalale)
of Eeof glewa] e spfd 48 2 Lo} o
H? AL gdeHFig. 4). 22} o] 52 Hzade p=
HeuAY 28 Ao HaEle) glgid

2) HASO|HE ME: 2a)rh wdojvz glds M2
M= Ea Ha) 25 B 4 ¢lelc) He Az n)
7w FR o) dade zhn e vakn) 3
71 ol ohebdlglen] EEE Sl gl3dle] o
4 44939 +3E Jebdedd gy @ale) el
FHE d5 "2l dEs) @A JebgcHFig 5a). &
AL Hlxe| MEAE EFAY M Eube] meka #m)
A dxsh 9 FEE el dlAdeiedn waler 4
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cells treated with ADR, 10.0 tg/ml showing early apoptotic cells with margination of nuclear chromatin
(a) or sharply delineated mass of condensed chromatin abutting on the nuclear envelopelb). There are
blebbing of cell surface and dilatation of endoplasmic reticulum under plasma membrane in c¥toplasm
(TEM, original magnification *6000); (c) Later stage of apoptosis showing condensation of cytoplasm
and nuclear chromatin with secondary degenerative changes(TEM, original magnification = 6000).

RN ERH7E A AEe] Eeo] slud
(Fig. 5b). x4z} ol & Ag=d A2s 350 =
ofx|mid #a} 4L & WLelchFig be) =g
elEEsg]ebrt AskA AAE Ax oo iR
g dEAZHREE Yoz viand oy 2y
£+ frAlsta elgish

3. In situ Nick Translation 3! 2444

ok wbg2| Hela #2252 ADRe| 0.1~0.4 g/
mlel & FrR Foif HEedMs =g ADR
gl F=v 100~200 pg/mleyd o zizb 3 pas

cHFig. 6a). ADRY s=7 1000 ug/mld =i+ 7
g d4=2] ¢t ADRE Foiihz] %42 Hela
AEo A A1 d45 = wakcHFig. 6b).

a a

dz2 SF42 H48 24z 24 F flRls £ 57
o gleb™ T abe #]H] Ak &g 9 AbeR
A delube] FH e b3l nabe HAH 23 2
212 B vie} 42 F4, Hel(metamorphosis),
Fe g gFEdle 24 55 3 g A P
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Fig. 6. Visualization of apoptosis by in situ nick translation in Hela cells. After nick translation in situ with
bistinylated dUTP, incorporated biotinylated dUTP to DNA strand-break in the nuclei of HeLa cells
were stained by streptoavidin-biotin alkaline phosphatase method. (a) HeLa Cells exposed to ADR at 10.
0pg/ml for 1 hr showing intense nuclear staining; (b) untreated Hela cells showing no staining.
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A TE2E a4 F AL 22 o)A Al2e] g
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FlHo g o4 H2e vitronectin &0 it o
T7F Yo spz] male] ade 23 gl ;al 3w
9| s Mlxe] o] mabarl ghslle 7ae] )
#H4 gl gl o] Age4 ADRZ #algl HelLa
AZE5A4 gAE nabaE Hay 4 ggdon 421
of 7 oghel web mal A= 2)abel puEle] o
T Az 8 WHaAE Jebdgdeh ole )3 el
A71=(in vitro) 24pe] ez Azbsle o)zl 7
T nabe mabst HejE o fralele] o)abE z)apa)
S aalbe djzgels AL akslw) gt
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aAbe] 27 WHEE o " Aol dAdsE:
DNA =haj sl Zate] 4b4sl7] #He| A trypan
blue exclusionsil 2] &35 51" Glucocor-
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48 Adsdzor A A2 odFeld 180~200
base pairss] SAAql 45 el
Ate] B3 DNA £48 g8 dyes a4
£ 7o) E£3] A2+ NTYE =3 22 kil
Hze) DNA £4-& sl Hol 588 d+&0]
HpE R gles M 2 tritiume o] -8%F whaba
E8 4wt biotin, digoxigenin & A4S ARG
of o] &4y e DNA polvmerase [¢] =&
gled b5 Rle] Wl FHYAE AR AF A
rhebalz 7ol 2l gbfel(grain)® ebydel Bio-
tin®h 2 Wbl FHL) opd .E_*‘ S AlE-dled
o] 4zl Fe] avidin-biotinwHdE Al-EEld
W] Aol wa) ofdgl 4 gaE]e] DHA &4
of 2E o & A Hel o2& alkaline elution®
Wil whel FlEHes wEn dapFos Fajg
DNAS Haz 3= gorn] 4ake] 4 Solz =&
of rhgabe] Fldla] @A, M2 Agde] 27 2E
dEe] 88" 4 grch Maehara$V9 ool 4
ADRE A A8l & Az 4258 FAasded =7y
Al g o] B8] NTE-E of o= M 22] &9
gflel el ADRE A A5 M z5e oo 5o al
= Hd Fr=Elddy 59 200 pg/ml2] ADR 55
A of 154 F7l=lo] ADR £32 F7lell w2} 3-8
olg] w7 FrigEd Budld® o] 44 bio-
tinvlated dUTPE A8 ISNT& o] 8dled ADR
o2 #2|4 HelLa sl 2o #& 3atg An ofF 7
% ok vbgez ojalsle] Buldt DNA7IeS sla
7 wlo] wEg o 4+ dles WY Az} 100~
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ZIE o] &3 A PHEHE AEE oL W A
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2 275 DNAE 437 Y8 5459 =53
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