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The Effect of Geneticin on the Survival of a geneticin made cells survive by suppressing apoptosis,
Human Breast Cancer Cells under Hypoxic which was proved by DNA fragmentation assay.
Condition Conclusion: The results might have some implications in

treating solid tumor; if cancer patients should be treated for

infection with antibiotics, aminoglycoside antibiotics can
Tae Soon 1'-99’ M.D., Sung_Hwan Pf“'k’ M.D., Jong Won aggravate the patient's condition by making cancer cells
Lee, Ph.D." and Sun Ha Lim, M.S. more resistant to hypoxia. Therefore, the results strongly

suggest that we should be careful in choosing antibiotics
Departments of Surgery and 1Biochemistry, Catholic University when they are used for cancer patients. (Journal of Korean
of Daegu, Daegu, Korea Breast Cancer Society 2002;5:279-283)
Purpose: In solid tumor, there is a region where oxygen Key Words: Geneticin, Hypoxia, Cell survival, Breast cancer
supply is insufficient. Under this hypoxic condition, cancer cell
cells became more resistant than normal cells. In this study, A chof: MUE|Al KMAFAZZ MIEAME ot
we found that one of the aminoglycoside antibiotics, ’ ’ ’
geneticin, made a human breast cancer cell, MCF-7, even
more resistant to hypoxia.
Methods: On normoxic (21% O,) condition, MCF-7 cells (1.5 M =
x10° cells/60 mm culture dish) were grown in low glucose
(1 o/) MEM (with 10% FBS) supplemented with 0, 1, 10, ATE T80 = oy 744 kBt Akyt ZEEw
100, and 1000pg/dl geneticin, respectively, for one day. oo U olo] Ao}l 7k 2= oldh o Ay
Then, the cells were transferred to hypoxic (1% Oz) incubator if ;"E‘:oﬂ 1 Lf 2ol 4 u}q ‘j; oz :}.a ] j] e
and grown for 3 days. We examined the viability of cells, =] 301?741/} “fﬂz] Al = a = #71 °Z°H o
the concentration of glucose and lactate and DNA frag- & (anaerobic glycolysis)oll 2|&f] EETe] 287} F7h6i)

mentation assay in each groups.

Results: When the cells were grown in low glucose medium
under hypoxia (1% Oy), all the cells became dead after 2
days of culture in the absence of geneticin whereas the cells
still survived even after 3 days of culture in the presence
of geneticin (10pg/ml). In the presence of geneticin, the cells
survived despite of consumption of all glucose in the
medium, whereas the cells became dead once all glucose
was consumed in the absence of geneticin. In this case,
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wo] ofokiel Erdo] A e Hibe] U §
o] A=l FAH . o3t Aik4 271 AlE] A
2 NI HES oz thAF ribosome F
30S subunit®] JA|A|Z 2Hgslo] iAo IS AT
o 22 o gF28-5 Vel aminoglycoside| 2] &A1
A9l AMIE] A (geneticin)(I-3)0] HHAE QA t}.(4,5)

et 5o nYPLAE Foko] YAZ AT B
b FoFe] T H9loll AL z7le] wbAsle, 1§
9ol AEodA= A7A GRS T3 A5 AA7E 4
ojuteh(6) AARES AL Z7A AE AES JA
b G A AdElAle] el AlEQ] MCF-7¢] A&
= MAATI= AE 248k o] Ale] Douhe 714& 8t
sl ATE ek S A AALol U X 5ol
FE uE F e A ol Fo3iH o] & s 4

T MRT
% % 2424 o AWE ek
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1) A=

FEAEZ ko] A-£3F Minimum Essential Medium
(MEM), fetal bovine serum (FBS), geneticin (G418) 2! peni-
cillin/streptomycin< Gibcco BRL (Gaithersburg, MD, USA)&
$e| Fofelglet.

2) MEZ 2 MEHH

Aol fukel AlE el MCF-72 10% FBS, 100 Units/ml
penicillin, 100ug/ml streptomycin®] FlY+= AFTE EE
2 (1.0 g/) MEM ekl Aol geneticin 22 0 ug/ml, 1
ug/ml, 10 ug/ml, 100 ug/ml B 1,000 ug/ml & Y3 5% CO,

incubator, 37°Coll 4] #oks}A
3) Mata ZZAMMe AE

A EZES 1.5%10°71/60 mm culture dish® Al AFslo] A
Ab4= Z71 (normoxia)ol| Al 19 wket & A wlAZ ZAsH
of A&E ol Yo AAEES 2AY 4 9E hypoxia
incubator (Vision Scientific Co., LTD, Korea) (37°C, 5% CO,)
ol Wol wigEr] HellAel A& Eehe 1~21% (HH7]ellA
o AzRehe 20 FAt] A,

4 MOIIE MESS 2H

Cell viability= trypan blue exclusion ¥ o2 v}-53} 2
o] Z4+}9r}. 04% trypan blue®} cell suspensions 1 : 12
4ol 10~15%0] At & hemocytometerZ FEA] G5
A gke AZEE Aotde AEFE A

5) EE=Ch(glucose)} A Ab(lactic acid) EH

Az A S sl Akl tHEAQ] oA
A 259 4nlet A} AHEQ] 24k & 574%
Ak Aska Al BdAka Aol A AZE eieksla
dA A ztuict AES AFHMA 42e] 7 foll £EFT}
e FEE FAsc 4 AEES A3 At &
AE = AA| 7|7kl -70°CollA W-5E 3 (Forma Scientific
Inc., Marietta, OH, USA)E| 7} AA| AZo| o} ZojAw
A (assay)ye AAIBATE 2R op4tE| A GLU 1T AH-E
47 -&Hitachi 747; Japan) Al W& A-gste] FEE 54
43, B4 EEE LAC Slides (VITROS) (Ortho-
Clinical Diagnostics Inc., USA)E A+-83}o] Ektachem 750
(Rochester, NY, USA)Z &4 314t}

6) DNA fragmentation assay

Culture dishol] w5l AEZEZHE vk A7t &
lysis buffer [0.5% Triton buffer, 5 mM Tris buffer (pH 7.4),

20 mM EDTA]E 92 o} A7 lysateE eppendorf tubeoll
2ot o)Ae A4 Eelste] o A5HE protease KE
2]k ¥ phenol-chloroform-isoamylalcohol &<4-& o]-&3%}
of &sNe A o] &Sl SoI9= DNAZ ethanol

AR S o] &sto] o1& & 1.5% agarose geloll A7 55
A e

e o}
D AASZIF MEL MEY DjX= HE

A
Ao

b lo

F%E AEQ MCET AEA AT o7 el

o wel 7 AEo] WshE: 34E ot 9
8 ole) B2 AaFEdld 8T dedrFig 1. 34
Al AE FE FH o ol kA F
htglot, AaFET} SobASE Foheke AES S
7} grasieleh 540 19 A% BEAAE YA Zohel
7 vl 2ol AEZo] BE Folth o] A 3}
o AAa 2N AP 19 Ak FEeA A

et

2) Maka ZAMM HUE|&O] Mzl MEO 0jX=

A4z 2764 AdEl o] AEe] A HAE g
olH 7] Y3l AAL 27 (1% AdFE)dA AUE
| whe A AELE 2AAATFi 2. A

Ratio

0 T T
0 1 2

Culture time (Days)

w .

Fig. 1. Effect of oxygen concentrations on the cell viability.
Human breast cancer cells (MCF-7) were grown under
normoxic condition (21% oxygen concentration) before
transferred to 21 (v), 10 (¥), 5 (o), and 1% (@) oxygen
concentrations. The Y axis, Ratio, indicates the number
of viable cells at a specific culture day divided by the
number of viable cells at day zero. Error bars represent
the standard deviation of at least three samples taken from
a single run.
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g Alg FofelA] gk vlzTolAE Fig 10149} 7ol
AlEEo] wjek 29dwkoll B Fglon], A|El e 57}
lug/mZHA & k7t glol dzd fA% Fez AE
Eol FAUrh AT AVIEAS 10pgml o4 Foidh
Folle Axka z27oll A wiek 397HA = AEF o] Ao}
Ak oleldt Azt AlE Aol Ada zANA AE
o] AES MAAZ F ke Ae Uebdt

Ratio

—e— G418 Oug/ml
—a— G418 0.1ug/ml
—4&— G418 1ug/ml
—¥— G418 10ug/ml
—&— G418 100ug/ml
—O0— G418 1,000ug/ml

0 T T —9
3

0 1 2
Culture time (Days)

Fig. 2. Effect of geneticin concentrations on the cell viability under
hypoxic condition. Human breast cancer cells (MCF-7)
were grown under normoxic condition (21% oxygen con-
centration) before transferred to 1% oxygen concentration
with 0 (@), 0.1 (m), 1 (a), 10 (¥), 100 () and 1,000 (o)
lg/ml geneticin in the medium. Error bars represent the
standard deviation of at least three samples taken from a
single run.

—e— G418 Oug/ml
—a&— G418 1ug/ml
—¥— G418 10ug/ml
—&— G418 100ug/ml
—o— G418 1,000ug/ml

Ratio

0 T T
0 1 2 3

Culture time (Days)

Fig. 3. Effect of geneticin concentrations on the cell viability under
normoxic condition. Human breast cancer cells (MCF-7)
were grown under normoxic condition (21% oxygen
concentration) with O (@), 1 (a), 10 (v), 100 (¢) and 1,000
(o) pg/ml geneticin in the medium. Error bars represent
the standard deviation of at least three samples taken from
a single run.

3) Matka =AM HUE|A0] MZ2Q| MEO O]X]|
i 5t

S
= o
= O3S

Aika 27364 AE el AlEe AL MNAA7I=
0] A A= AANG LR ovAe] £R7F F
o] So] A7l PAAE Aoty 93 FAAL =

Al Al Alo] Alze] AAell wX]= Fgks =Ast
%7} 1,000pg/ml o] 4L
A AlEFA e Eak o}
%7} 10~100pg/miQl 7

(Fig. 3). ol AMEIAL)
£ oke) B4l oJu) AES 43S

Yzl AlEAle] & d-3-oll= AdlEl

Ratio

100 4
80
60
40 1
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Lactic acid concentration (mmol/IL) Glucose concentration (gl-1/102)

Culture time (Hours)

Fig. 4. Cell viability, glucose consumption and lactic acid pro-
duction under hypoxic condition. Human breast cancer
cells (MCF-7) were grown under normoxic condition (21%
oxygen concentration) before transferred to 1% oxygen
concentration with O (m) and 10ug/ml (@) geneticin in the
medium. Cell viability (top), glucose concentrations in the
medium (middle) and lactic acid concentrations in the
medium (bottom) were measured during culture. Error bars
represent the standard deviation of at least three samples
taken from a single run.
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Geneticin (Opg/ml)

Geneticin (10ug/ml)

Fig. 5. DNA fragmentation assay. Human breast cancer cells (MCF-7) were grown under normoxic
condition (21% oxygen concentration) before transferred to 1% oxygen concentration with 0
(left) and 10pg/ml (right) geneticin in the medium. At the indicated times, all the cells in
the 60 mm dishes were lysed and chromosomal DNA was taken and loaded to 1.5% agarose
gel. Lane M (100 bp DNA marker), Lane 1 (0), Lane 2 (24), Lane 3 (30), Lane 4 (36), Lane
5 (48), Lane 6 (72 hours of culture under hypoxia).

Al FolslA] ok 735l ulal wik Fubiolls 23]
AEo] AEES S7HIZAEE welbA AikL 27104 Al
UlElAY] E%7F 10~100pg/ml S5 Wl AEZe
AES MAAZIE A AEY A JAAA Lot
= o] oz}t AlE9 Ao AA geFS w|H ot
A4l & F Aok

4) ML EIMO| Ak
7= 718 o7

T AT

ZAHUM MZ2| YES JHMA|

AE] Alo] A A4 z27 A AEL AES MAAT=
7NAE ot 7] 9 4 oUAY R 2ol A W
ZE FE9 wiA] Heoll A E DAY 25 FAE
th(Fig. 4). o]u] Fig. 20114 Ho & nl9} o] Ad|E|AS
FoJalA] ¢k tzTolAE AlEE] wd 1Y Fol BF
9ot AVEAS 10ugmlES A7 AT AE A
Z2| AYEo] MA=ehFig. 4-top). AMUEIAE FofslAl
%2 tzTollA AEVF 5 AL dUAYY o]
B n7Eo] dolykrh(Fig. 4-middle). AW AlvE] 4l 0]
Foldl 7Afolle £Eo] BF 2ZAEAFE B3l
A7} Aokglgiet. g, AR ZARE A|F419 Fo
b= Adale] sYstlch(Fig. 4-bottom).

ol 3t A2 He] Ade]lo] AEQ HES MAAT
T AL TET &R £5 A4 WA S29 AAgle] 4
ol el & ¢ Ak odlvAEQl £Edo] 37ky
il ol AEEo] FEUE st AuE
Alo] AEZE AolodA s AUAE 27 S AEAA

(apoptosis)2] BFAF-F5 UElH= DNA fragmentation assay

o}

£ Fig. 49} 593 AP =704 A8 vhFig. 5). Al
EAlE Folsln] gk A folle AL 2764 3047
o] ¥ 5] A ZAH4ES VERH= DNA ladderinge] -3is}A|
vrebubE WP (Fig. 5-left) AlVIEIALS X 713E 7 foll= 36
A7 5 A4 debdert 2417 Fell 7b Fete)
Al WebskthFig. S-right). o] AL ZAA EEgto]
ol ] AE7} F= A2 ATAA oA Hotof s,
Al Aol o] AlEo] MEo] MAEE AL ATAA
= JAlzte] dojue A4S & Uk

3

a

B oA oA = dAAZ /MetE aminoglycoside AlF <l
Adle] o] Aika z71ol|A] A|ZAE w2 & o gl
ato] Aghe] flQh A E o] &3lo] =AE G & A
YollA] AMIE|AlE 10ug/ml SEZ viekuizlell d7bslH
B AL roA AEY AEddle g vAA= &
SHAE AL Z27A AEe] AES MNAAIE A
o] glF it o]gAl Ax ALEE MAATIE 71
AR £ETo] nZEd=dlE EF8lar AlEZAA

2 of7lelo] Yoyt

oleigt AT AR ofz] 4A JulE AAA 2
ok 3 WAlE Suelsh 2o mYerel Aol 1Y )
Bol A&9l Exge] FFo] FolEol kst Ty
o] ¥34 Nito] 27 o] £Alh() o) Wl G A
7] 918 ey AW FolA wE ele wAe
7 g8l GAAE AgHE Aol AN Eg
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aminoglycoside A|29] FABAE Agehd ¢t 54T F
AL evlel PAEE 4 54
Sold oA st AAS AL dAlle Aol FozE
Azt AAE FAAZ AR AHEEI = aminog-
lycoside AlQ 2] AAIE FollA] AlEpn}o] Al (gentamicin) &
=] = ,'1_’_10':5(100 lOOO].lg/ml)Oﬂ/ﬂO]ﬂ A AL =
7oA Axe] AES MAAZI= A7 k@) + ¥
AZ AElAlo] Ads =74 £EFo] 17 e
oA E Ao BES MAATIE A2, Eo] 23S w
dojuhs sFA Aol whAsl= =713 FY3k =27
A AEe] BES MAAT= 2E vebfict whebA], vl
A&E AZ7E e AEE o] &3kt o] %t
A= AElAle] HEA Ao X5 A" F Sk
= As AL ©)

AElAle] dAE-5 UetlE AL Al (bacteria) @]
30S subunit®} 7A8+s}o] translationol] 9] elongations B3l
fozd 2 HaE et AE el FEAE ol
off AlZ¢] thatel] of3kg v A ke A2 3ol Valera(9)
ol YA e Bt F AUEA(G418)0l #3HA4

< A= neomycm resistance gene (neo’ )= A|EZHE

HFE A7l E o] AL G418E A3t A$ o] AXI} FA
= A4 v‘i“ﬂ]d";]"‘ Zo| JAE 9}, o] u o]g]st WA

ol deka vXE AL neo” geneL EHE WHEE 3-
glycosyl phosphotransferase &4=7} o}zl Foi= G418 A}
Aebe AL 2 AdF4AY ® & Aoz RE W
HA k(9 Bk okdet AFZug A Foixl AlE|Ale]
glycosyl-phosphatidylinositol (GPI)-anchored alkaline phospha-
tase (AP)9] 47} Whalol| = o gkg w|A k= Zlo] ¥ %
th(10) ol AMIElAlo] A A o] gell oA A
Wk obyeEl AR B E ke vX e 5 AlE
Al 2 doks nHve A °a T ek o3t A
B GAAS] DR Folk $AA Udhel o o
ool % ket a3E veiivke AS HoFH o|AE
= 93tof] o] &3l sk A7t Kt A4 stE oo &
Aoz Azt

2

oi-

FAAL] dFQ AMEAS AL 9 AXEG
of A 1ot AE MCE-79] AEES 5o uzksl 4
Holl A% S7HAZ o, olgigt Zat= AldE]Alo] AZA}
A4S AR 7] Wit et

o] A= A ol A A4+
e ol A FdAA7E 2
Algteh, & A4k B8 AxEY 270 Yehe 3L
Skafol| A o] sFA A AFgo] et HEL] AMES ¥
7le #AEeg A8 7heAlol dee vrekdch whi
ol d3te] wte] FH Fio] HA oy AV= HE
4 Al tiEiA = A2 ALEE ST EN A8
Az ALD H54ol ek webal, Aol a4l ofe]
A dgE A Ao algEE AMEAS T3 o
AAE B Bk AE e A7 Aasofof & Ao
2 Az
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