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The Mechanism of Interferon-y Induced Cytotoxicity on the Lung Cancer Cell Line, A549
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Background: Interferon-y has various biologic effects, including antiviral effect, antitumor
proliferative effect, activation of macrophage and B lymphocyte, and increased expression of major
histocompatibility complex. Especially, antitumor proliferative effect of interferon-7 has already
been proved to be important in vivo as well as in vitro. And, clinical studies of interferon-7 have
been tried in lung cancer patients. However, the mechanism of antitumor effect of interferon-} has
not yet been established despite of many hypotheses.

“Necrosis” is a type of cell death which is well known to occur in the circumstances of severe
stresses. In contrast, “apoptosis” is another type of cell death which occurs in such biological
circumstances as embryonic development, regression of organs, and self-tolerance of lymphocytes.
And, apoptosis is an active process of cell death in which cells are dying with fragmentations of
their cytoplasms and nuclei. And, in the process of apoptosis the DNAs of cells are cleaved
between nucleosomes by unidentified endonuclease and therefore DNAs of apoptotic cells result in
a typical electorphoresis pattern known as DNA ladder pattern.

Recently it has been suggested that cytotoxic effect of interferon-y occurs via apoptosis. To
elucidate the mechanism of antitumor cytotoxic effect of interferon-7, we microscopically observed
a lung cancer cell line, A549 which was treated with interferon-y. We observed AS545 treated with
interferon-7 was dying fragmented. And so, we performed this study to find out that the mechanism
of antitumor cytotoxic effect of interferon-7 be apoptosis.

Method: We treated A549, human lung cancer cell line with various concentration of interferon-

7 and quantified its cytotoxic effect of various periods, 24 hours, 72 hours and, 120 hours by
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MTT(dimethylthiazoly! diphenyltetrazolium bromide) bioassay. Also, after we treated A549 with
100 units/ml of interferon-7 for 120 hours, we observed the pattern of cell death with inverted
microscope and we extracted DNAs from the dead A549 cells and observed the pattern of 1.5%
agarose gel electrophoresis with ethidium bromide staining.

Result:

1) Cytotoxic effect of interferon-7 on A549: For the first 24 hours, threre was little cytotoxic
effect and for between 24 hours and 72 hours, there was the beginning of cytotoxic effect and for
120 hours there was increased cytotoxic effect.

2) Pattern of A549 cell death by interferon-7: We observed with inverted microscope that A549
cells were dying fragmented.

3) DNA ladder pattern of gel electrophoresis: We observed DNA ladder pattern of gel
electrophoresis of extracted DNAs from dead A549 cells.

Conclusion: We concluded that the mechanism of interferon-7 induced cytotoxicity on lung

cancer cell line, A549 be via apoptosis.
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1. migh HIEF ik ¥ CIEHZ2totol o8t
HEZSH AL

Het HEFE AS49ATCC CCL185)E o]&sly
t}. A5498 RPMI iAol 37°C, 5% CO: Hi¥7]ellA]
wiogslgict. QIEISIEZnRE GenzymeAl HES ol &
sl HEE=r} 0, 1, 10, 100, 1,000 unit/ml 555
B K] A7k 24A17E 72417), 12041702 o}
FHAl A549 HIRMAIETY Helalgich 2els 1Y
HAEZ ol oJ3t A549 AIEFA) A= MTT(dime-
thylthiazolyl diphenyltetrazolium bromide) bioassaym)
Z o]g3lo] Auskelglcl MTT bioassayy tHa}
72 upg o g Algsigir). 96well plateol] well B2 5%
7He] AEE A Qe Eule XX|8 A549 =
AEE A 7174 wiek & well @ 0.1 mg(50 ul of
2 mg/ml) MTT §H4& F7igletl. 18], 4417 &
QF 37°ClA wik 3, 200 gollA] SEZF A ks,
A5Ng welx 7z Ak z2ela A, DMSO
(dimethyl sulfoxide)Z 150 uljwell 4 W3 Wg Xt
A 1587 412 ohy A wilslick ohgd o}
) microplate F57|(Molecular DevicesAl, 229
Thermo-max) 2 490 nmoll4] optical density(OD)E 0
olA] ofzfie} o] AIE AHES TIrk

Al AuE(%) = 100—(0D with interferon-»/OD
without interferon-}) X100

2. CIEHEZOl0l o8t A549 HMZFQ|
M AlZSA BHE

A549 =9t Al QEH27A0E HFEE 100
unit/ml ¥ 55 12047 A% &, %3} Hv]7d(Helmut
HundA}L, AE3 Wilovert) g o]-&3sled X100, X200
steifslod el Exiulol] )3t A549 =M EFS] A
E AP oFE Esle] ol EZEAIA9] Fa%t X FE
9l AlEe] APt YolueA] Hrlslsdet. 1elx,
QEjIEZ ol sl Abddt A549 =Y AIES AE
7} TSk A ARt AEe] vlES X200 g #
g3t AZE o] 8sle] it

3. ClejH|22tolol| 2JsiAM Atbst A549 MIZE
OlM DNA Ladder &¢l

AS549 =HRjF AlZEFol| QJEHENE HF55E 100
unit/m! EE5 120417 2] ¥, wiiz]oll Fol4] w3
£ AEZHE olaig) 7L W o= DNAE 53
ek

Qle sl E4tu} 2)%] 120417k %, ok F2l A549 =
o AEF] A E FH(500 g, 10851 F2 AS49
AEEZ oAt of7]ol lysis buffer(10 mM Tris, pH
8.0, 400 mM NaCl, 2 mM EDTA) 3.6 ml, 10% SDS
(sodium dodecyl sulfate) 0.4 ml, proteinase K(3%-&
X 250 ug/ml)E H7IgE o, 55T =l 37°CollA
ghA wieksisick. 28 ohg, E3} NaCI(SM o434 1
ml H7Fslod s H7FAT ¥, A3181ck1,200 g,
208). ASHERE 12 ¥, 20TE Y73 100%
ethanol-2- 2 volume 7}slo] -20CollA 5Y X =]31]
ch o] ZAl 8 vk, Aslod(1,200 g, 15%, 4T0) A
Fol] -20C 70% ethanol 2 -2 F gh v A
tHmicrocetrifuge, 1,200g, 158, 40). 28 g,
RNAseE FE5X 20 ug/ml 555 o] 37TaA] 1
A7 A=lsisic.

o]Akx} Zho] DNAS 33+ & 1.5% agarose gelell
77193 5(80 volt, 100 A, 2A17H 3} ethidium bro-
mide(0.5 pg/m) & A X, UV lamp= 2siich

- }
1. ClE{HIE2i0te] A549 HIQMIZR0)| CHEH
MES4ol &3t

1) QE{HE20HE 24A12ZH X2

JeHIEZLE 24417 Hlede 785, A5499
AZE AFEE QelEEdvle) F5 0, 1, 10, 100,
1000 unit/mlol] v} 2+t 0%, 0%, 0%, 0%, 7% ©1
thFig. 1).

2) QIE{H 2L O0HE 72A12F AMal

QeI EAE 72417 Helsls 7%, A5499
AEALES QEHEZEe] F% 0, 1, 10, 100,
1,000 unit/mloll w2} 2+t 0%, 25%, 31%, 31%, 34%
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Fig. 1. Lung cancer cell line, A549 was treated with
various concentrations of interferon-y for 24,
72, and 120 hours. And, the cytotoxicities of
A549 cells by interferon-7 were shown by
line-graphs.

Fig. 2. After a lung cancer cell line, A549 was treated
with interferon-»(100 units/ml) for 120 hours,
the cell deaths of A549 cells were photogra-
phed with magnification of 100 times(upper
one) and 200 times(lower one) by light
microscope.
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Fig. 3. After a lung cancer cell line, A549 was treated
with interferon-7(100 units/ml) for 120 hours,
the DNAs extracted from A549 cells were
electrophoresed on agarose gel. Lane 1 shows
negative control which was DNAs extracted
from A549 cells without any treatment, lane
2 shows DNA ladder pattern which was
cleaved DNAs from dead A549 cells treated
with interferon-7, and lane 3 cycloheximide
(25 pg/ml) for 18 hours.
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3) CIEHEZ0HE 120A12ZF X2l

el EZNLE 120417 Halsi e 45, A5499
AEAFFEL QeI Egne] 5= o, 1, 10, 100,
1,000 unitymloll w2} 2tk 0%, 21%, 40%, 44%, 46%
o]k

ol4to 2 QIEjsIE7ulell 23k A549 H|HAEF2
ANEEA Gak= 24417kl 79 ikt 2441058
72217} Aelell Yeh}r] Alaksie] 120417000 W F
7¥sisick

2. QIE{HS2010) o8 A549 HAMEFS
MEALZS| 24

olEjs|E7tulol] o3t A549 HIQFAEFS] HEAY
9] opahg sstsin|do g WAdt Znh A549 HA
71 QEisIE3tulel siA AlESe] A2 TH=2
mA F5 2okg EockFig. 2).
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s Al A)ES] BlS 86.2+7.1% ok
3. DNA Ladder &4t

UeisEulel] o3l Apddk As49 AlEF2] DNA
£ FE0] A719E A1 A, Azl 2oke] DNA
M=Fo] Yepde(Fig. 3).
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UeISIEL ghjoleix AFE 2 EAE 48R
olgl, W ZA(immune modulation)¥} 3¢}t &}
(antitumor effect) 5ol -&o] H&iZlch Bk ohjal,
ddHogs QEHES] ] tiat s}
3= Qlek 53, JEisEe] dkaaE vehlie
7186 oA et 2 7HdEe] A)EI Qick
A, Qe ZE HAlEN HX|sPH AE7} Go phase
ol Sl HIEE FMAIAA AGANE el Fojcth
5, UEI=lE-2 oligoadenylate synthetaseo] 413}
£ %34 endoribonuclease & FAJ8} A1l e 24 AE
°] RNAE Fall(cleavage) 1A Ftasts vehd A
olck. AR, JEAHANEL myc, ras 22 2R Y-S
down-regulationd}e] JFNE vhehd Aolckel=
FAEe] ot ofF] A WA QIA et Wk
ohjel, # Shinagawa 52 <A77l 2Jsjl 9]
TAEZ PApaleKprimary cultureysted Jeisl|Extu}
£ A3 E S oIEZEA L) Yoldhg B}
Slct =3k Novelli €% ¢lE|s|22ul7) interleukin-7
dependent pre-B cell proliferation2 2 Alslod o}
EAAS Aol Zusigit?. o] dAFES EY
2 22 dRPAIETN Qe EZmt o JekS
v XA A siAl =glek 2 A, FEEu A =)
FAEL] A5497} QIEjs|ERtalel] ofel] EdskE]wA
Adehs TS, A AS49 A EolARE]
DNAE F&3lo] 717|954 DNA ladder ¥ihg
laiirt. oleigh 472 El#Exduloll 23 A549
HFANETL] A 7)ol o} EZ BRI} g &
AYE AR glck QlElsEgtulol] 23t A549
HRIAIEST AEFA 7)Ho] ol EZEAAE E3l4
Yodrl Zlo] YollA AF3 of2i7kA] i Est =

&, WXIEE AL oilckdlE £, UelHlEdalt
myc SHFAALe] WS- down-regulation A|#HA] o}E
A7} Yolul s 1 Az YA} Lebd
Rolcketar A3 = ol7] uiFoltt myc S-3Ake]
W7} o} EZ B A0 WS HAo] QgL oln]
eiA glep. AR, JElHEuF Ase9 sioh
AEFL] myc AR W&-g- down-regulation A]7]
EAle wet o @} Aeshie

sitell gk A4 3leka o] aabH]l X5 At
£ %A Fow Qi Aol AeisETit 5o
cytokine F-AZFE o] &3k 7 27le] AlEx3 §)
o RS 2 AT AL ST oleD §
ZAF axe] At 71A S oldlisletl] Tzt J8S &
Aoz Az

2 of

I Qlels|EZvKinterferon-)v= Shijole]A
i}, QhIEe] g4 a3, dRAIE 9 B Y=o
A3 FHGESAMHC) 3 wkse] Zot 59
AEA 1A Jepic. 53, QlelslEgnle] gt
HINE= ofu] A Wielolla] ]15Ele] Al it 3ol
gk QA At AE=A glek aeu, QIESERt
oo gt} 7148 ofel7lR] 7Hde] AAETIE &
I YA o = o] gk

AE 2] I Hnecrosis) & A3t 2|79] 2Bzl 9
A whashe AE Aol el & el ok A
B34 = AAehes Ay ok AE ALl o=
O} 3 & &) 2(apoptosis) 7t YTk oFELZEA|AE 27
2] $MHA)(homeostasis of tissue volume), 7Hx2] 233
A, A719] Eelregression), L& HEAQ| self-
tolerance 52 oj2] A - AN WAs= Al
F Apte] oA, AEA o so] FH3Kfrag-
mentation)5lo] Zol7he 55 Atabg e duiA
gt} OlEZEAXXE FEHLE Folzke AN
ol 2 4 9J= DNA EA3KDNA ladder pattern)7}
EAFR oz gkt

QlE]=lE7tule] QtAlEel thieh AESA RS
7] SaiAl QIEIsIEZNIE HIPAIESR] AS5494]
Fol| X3 ¥ Hu|Z(inverted microscope) 2=



A5498] Wi3tE ST AS49METL BARE
A Fol7ke AE Y & U+t

AL QEjulERIule] dRVIHe R A ol EXE
A2 7PsAE Arlskast B A7 AlsEslsich

g HAAMETA ASOAELE e sligict
AS49AEe]| of2] FE2| QEslERulE Foislar 24
A7y 72417 120A17F Fel] MTT(dimethylthiazolyl
diphenyltetrazolium bromide) bicassay 2.2 AES
e Aeklsiedek 123, 100 uniyml®] AE=EZ
o}S A549 A|¥Eoll 120A17F M2 ¥, 3 dv|P e
AE Ape] obshg Isidel. =3k 100 unit/mle)
QeI RS Foislar 1204]70] Aot ¥ A
AlE2] DNAS F28l0] 1.5% agarose gelollA] 7]
q=-9 APl ethidium bromideZ 34 ¥ DNA
ladder pattern -§-75 gk

#ak:

1) QEiHIEZulol] 23t A549 HIGAIEFL] AES
A A 247l AL glebt 72A17HE 1204]
7+ Aolel] Yeht7] Alztsted 120417kl B F7Fst
et

2) QlEjsIEtuloll 23t A549 A|ES] A g
k|44t As49 AIEFo] 2 BAR UNHA
Argaiedet.

3) QJEjs &S A549 SIHAIEF ) 2] ¥ Fol
7he AES] DNAE F33lo] A7|dFA7 A3 of
FZE X A@poptosis)olxl EAZHCZ Hol= DNA
ladder patterng 338 4 QJick

HE: ole]wl&7ul(interferon-») 2] A549 HLAE
Fol| T A|EEA]9] 7|4 ol EZEAIAE AAS F
A Yol
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