ek Te) gk #] #1323 A|15 (20154 3¥) : 79-88

The Acupuncture Vol. 32 No. 1 March 2015 : 79—88

.. 5 pISSN 1229—1137 ¢ISSN 22877797
Original Article http://dx.doi.org/10.13045/acupunct. 2015007

AFE9] o1 A FE(A549) ] thak Natural Killer A3
AE=A E70 a3

[Abstract]

Snake Venom—enhanced Cytotoxic Effect of Natural Killer Cells on
A549 Human Lung Cancer Cell Growth™

Ji In Lee and Ho Sueb Song*

Department of Acupuncture & Moxibustion Medicine, College of Orinetal Medicine,
Gachon University

Objectives : The purpose of this research was to investigate the cytotoxic effect of Natural Killer(NK)—92
cell and Snake Venom, and to elucidate its mechanism on human lung carcinoma cell A549.

Methods : In order to figure out whether Snake Venom enhances the cytotoxic effect of NK—92
cell in A549 cell, Cell Viability Assay was conducted. Also, in order to observe the changes of
Caspase—3 and Caspase—8, both of which are proteinases that advance apoptosis, and the
changes of TNRF and DR3, which are Death Receptors of the extrinsic pathway of apoptosis,
Western Blot Analysis was conducted. By conducting RT—PCR analysis, we have tried to
confirm Perforin, Granzyme B, and GADPH, all of which are cytotoxic—related proteins. Lastly,
in order to observe the effect of Snake Venom on NO formation within human lung carcinoma
cells, NO determination was conducted.

Results : 1. After conducting Cell Viability Assay, Snake Venom enhanced the cytotoxic effect of
NK—-92 cell and inhibited the growth of A549.

2. Western Blot Analysis caused proteinases Caspase—3 and Caspase—8, which advance
apoptosis, to increase in the combined treatment group, but not in treatment groups that
focused only on either Snake Venom or NK—92 cell in A549 lung carcinoma cells.

3. Western Blot Analysis caused an expression of TNFR2 and DR3, both of which are Death
Receptors of the apoptosis extrinsic pathway, in the combined treatment group, but not
intreatment groups that focused only on either Snake Venom or NK—92 cell in A549 human
lung carcinoma cells.

4. After conducting NO determination, NO formation within A549 cell showed no significant
changes in both treatment groups that focused NK—92 cell and combined treatment group.

Key words - 5. After conducting RT-PCR, the expression of Granzyme B and Perforin, which are
Snake venom; cytotoxic—related proteins within A549 human lung carcinoma cells, showed growth in the
Lung cancer; combined treatment group, but not the treatment group that focused only on NK—92 cell.

A549; Conclusion : It has been indicated that, when it comes to the A549 cell, Snake Venom enhances
NK-92; the increase of Death Receptor expression and continuous apoptosis reaction, leading to the
Death receptor; enhancement of the cancer cell cytotoxic effect of the NK—92 cell. It is expected that Snake
Nitric oxide Venom can be used with the NK—92 cell for further lung cancer treatment.
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Vipera lebetina turanica®4-E F=3+ A2 Sigma
Chemical Co(St Louis, MO, USA)elA F43}3ict
Western blot analysise] AFE®l TNFR2, DR3, bax,
caspase—3 and cleaved caspase—3, caspase—8 and
cleaved caspase—83 7S oJxHAES EY Santa
Cruz Biotechnology(Santa Cruz, CA, USA)=ZHE] Fwj
akointk 2] A A ke 71El A]9k& Sigma Chemical
Coolld T43HATh NK—92 AIAASHAIE, A549 HHA
¥+= The American Type Culture Collection(Manassas,
VA, USA)olA 3kt Gibeo Life Technolo—
gies(Grand Island, NY, USA)ollA RPMI 1640, MEM
alpha, penicillin, streptomycin 2 fetal bovine serum

(FBS)E -lfsto] ol &-8-s}3ick

2. A|3E wjek

NK—92A4|32] 2]+ 20 % fetal bovine serum(FBS),
100 IU/ml penicillin, 100 gg/ml streptomycin % 10 xg/ml
intereukin—2(1L—2)Z X3Fsk= MEM alpha BjA]ol|A uj
&3 A549 A|E= 37 C, 5 % COy incubator 719
A 10 % FBS, 100 IU/ml penicillin, and 100 pg/ml
streptomycing $H-8F RPMI 1640 HIA] Wjol|A] vloka}3d
o} Ab499F NK-92 Al¥S 35 8jekst 79-ol= MEM
alpha®} RPMI 1640< 1:1 2 Z3t3) =] ol|A] wljokatsiar



ARE] 014 A ZE(A549)0] thEF Natural Killer A MEEA 24 53

n|AlE Z2]7RY|o]E Hporous polycarbonate mem—
brane, pore size 0.4 mm ; distance 6.5 mm)ol] 2Ja} A3
%= trans—well systeme ©]&3}Ich AB49 AE
(510" cells/well) & 3R < #ie - NK—92 A1
(5X10" cells/wel)E & wellell H71te] viFsich
BE A¥e] vj%e Costar(Corning, NY, USA)AR]
24—well platesE E-8-3}51T}.

3. Cell viability assay

Aol gl Al 4 ERIS flste] A549 #H9k Al 2
NK—92¢} 35 uwdksl A549 MEE 24—well plates
(5X10* cells/well) ol B850, 71 2 4 pg/ml FEe
snake venome At vidslieh AlEE EHA A
2] F 1,500 rpm &2 537F AAlwElstaL, skel weld
pellet] QA &% 2]94(phosphate—buffered
saline) 10 mlE o AdEsIGh SHE dHY
(suspension) 2} 0.9 mlell 0.2 % trypan blue 0.1 mlZ #
7kt A A AFTE dEd oF W] EEE
neubauer chamberol] A|-¢-3L Ao} Q= ok A|EZS 7HH3
o counting 3}t Trypan blueE E573F A
= AEE =2 07 Trypan blueZ HiAISH A= A
olli AR IHaiQlt) Zh 41 Al ¥ HHESle] 93k

= FolaAt sk

-
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4. Western blot analysis

Al W A4S 918l AE lysis buffer(50 gm
tris, pH 8.0, 150 ¢mNaCl, 0.02 % NaNs, 0.2 % SDS, 1 (m
phenylmethylsulfonyl fluoride, 10 I/ml aprotinin, 1 %
igapel 630(Sigma Chemical Co, St Louis, MO, USA),
10 ¢m NaF, 0.5 um EDTA, 0.1 tm EGTA, 0.5 % sodium
deoxycholate) 2 M¥EE 83519921, 23,000 rpme] &
T8 AR st il AEE AR Askd v
A Z(80 )& SDS—12 % polyacrylamide gel 7] G3&
H(SDS—polyacrylamide gel electrophoresis, SDS—
PAGE)o = &3t ¥, Zeld @S nitrocellulose
membrane(Hybond ECL; Amersham Pharmacia Bio—
tech Inc, Piscataway, NJ, USA)o2 7t} whlao]
A7 2E 0.05 % tween 208 X8| tris buffered
saline(10 gm tris, pH 8.0, 150 mNaCl) 2.2 H& 35 %
(whv) GAEf Hoz Aol A 2A17F &<k blockingst

t}. membranes FHoll A3 Eo]8A|[caspase—3, —8,
cleaved caspase—3, caspase—8°l| 2% WkS-31= rabbit
polyclonal antibodies(1:1,000 H]&=Z A5t AR ;
Cell Signaling Technology, Beverly, MA, USA), Fas,
TNFR2, DR3(1:500 B]&=E 3)A8lo] AR ; Santa Cruz
Biotechnology Inc, Santa Cruz, CA, USA)1¢} 5AI7F &
QF A-Lo|A WESAIZITE T % blot= anti—rabbit¥} anti—
mouse immunoglobulin G—horseradish peroxidase(1:
2,000 dilutions, Santa Cruz Biotechnology Inc, Santa
Cruz, CA, USA) &3}olloflA ka3t Western blot
A= ECL western blotting detection systems ©]-&
ato] 71x] S8l

5. RT—PCR analysis

Total RNAT RNeasy kit(Qiagen, Valencia, CA,
USA)E Z&sto] FEo0ith JuAREe2 RNA to
cDNA kit(Applied Biosystems by Life Technologies,
Carlsbad, CA, USA)E ©]&35}4 cDNAE A3tk &
A8F cDNAZ template® PCRE Al&algi=d), 96 Col
A 1R WA AL wkg A 0 = 717 96 CollA] 134,
60 C & 63 CollAd 187}, 22]ar 72 CollA 187+ &
30 cycleS 35tk GA4AL HHS- & polymerase chain
reaction(PCR) ¥F&-o AR&3} primeri= 5'—3" GCCAACT
TTGCAGCCCAGE perforins, granzyme B #-4J0]&= 5'—
3 TGCTTCCTGTAGTTAGTAGC 947] LS 018315t

6. NO determination

7]
griess reagent¥} &3}a} L
t}, mlo]aEZdo|lE &34 2t]7|(microplate absor—
bance reader)E &-8-3l0] 540 el A FFEE S48
t}. Griess A2 0.1 % N—(1—naphthyl)—ethylenedi—
amine®} 1 % sulfanilamide in 5 % phosphoric acidE 4]

o} ZAsI3ck

7. AR

Graphpad prism 4 ver. 4.03 A3XE¢]o}(GraphPad
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Software, La Jolla, CA)E E-g3slo] do|gE 43519
o} "lo]HE mean £ SD 402 X[l on BE H

olg] =] 2ol YA (one—way analysis)E &

&3 ARksiolet, FAREA A p—value”t SAIA 2]
£ 1B o, Dunnett's test® AR AASIGTE p—value
7}0.05 oJ8lE froido] ol A o= Sich

1. AF=3F NK—92 AZ9] A549 A%
Aol i FxX1 g%

Aol A549 QUA HIRE Aol NK-92¢] “d7deiAl
2= EE=AZE Hrsl7] 918l direct cell counting
& ol AlE YRS AT AS49 AlE= T bl
FalAL NK-924129) 502 lalgla, A15S A

AS549

SVT 4 pg/ml SVT 4 pg/mé
+
Co-culture
NEK-92
NK-92 cells
Control SVT 4 pg'mé

A Z& AaA] B& AJEIE 24413F Bk wjoka}
et

Fig. 1914 AIAI nke} o], A5 31 NK-92 cell- ¢
TF FMAIE A5499] M S22 olAIBISITE AB49
NS o et gzt Hlaslols W NK cell
I AEES T GBS W AL 5 A 2
2 8 4 ATk NK—9241 3] ARSS 24A1%F
FF APste] tlzrat wiasiglE o) Al FEgtl
il

v ofllo 4
i)
5 o

2. AF=3F NK—92A4) 327 A sZAPE
T8 L A EAPEAL 24 Tl
W of] m|x]= gk

AP NK—92413E7F A549 Q1A 1A 314 TNFR2,
DR39} 22 AlEAFE =gAlor taEAQl AlAtd 24

Aol bax, caspase—3, caspase—S8, cleaved caspase—3,

110 7
100

20
70
60 -
50 E

30
20 -
10 7

A549 Cell viability “%oof control

SVT
Co-culture Co-culture
NE-92 NK-92

Fig. 1. Snake venom enhances cytotoxic effect of NK—92 cells on A549 human lung

cancer cells

The A549 human lung cancer cells, and those co—cultured with NK—92 cells were seeded onto 24—well
plates(5 X 10* cells/well) and subconfluent cells were subsequently treated with snake venom(4 wg/ml) for 24
hrs. The cells were then harvested by trypsinization and stained with 0.2 % Trypan blue. Relative cell
survival rate was determined by counting live and dead cells. The results were expressed as a percentage
of viable cells. Columns, means of three experiments, with triplicates of each experiment; bars, SD.

« © p<0.05, significantly different from co—cultured with NK—92 cells.
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oA H A E(A549)0] 3+ Natural Killer A1 MEZA 2371

1=°1'
KS)

cleaved caspase—89] Wd F7IE F3eh=A] gRlskazt
Epi=s

A|SEAPEAL 24 Tl Bl A EAPE 8Al= western
blot analysisS &3] &<15}3itk. TNFR2, DR3+= NK—92
Azek g=og WS wEY ARS AHPstd
NK-927 &5 wjgslois of ddo] Fugjx|A S7tst
AthkFig. 2). FAl bax, caspase—3,
cleaved caspase—3, cleaved caspase—8 TEZF NK—924]
ERF S wiRTh AlS AH2ete] NK—929F &% vl
Feiols vl o] S7kellthFig. 2).

d

caspase—S8,

A549
e e s
DR3

Bax e ——

-

Caspase 3

Cleaved Caspase 3 o
Cleaved Caspase 8 | - -_ -
fi-Actin

Control Co-Culture 5VT  Co-Culfure
NE-92 4pp'nl  NE-92

SVT 4 pg/n?

Fig. 2. Snake venom enhances the expres—
sion of death receptor and its related apoptotic
proteins by NK—92 cells in A549 human lung

cancer cells

Expression of death receptors such as TNFR2, DR3 and
apoptosis regulatory proteins such as apoptosis regulatory
proteins such as bax, caspase—3, caspase—8, cleaved
caspase—3 and cleaved caspase—8 was determined using
western blot analysis.

A549 human lung cancer cells were co—cultured with
NK-92 cells and subsequently treated with 4 pg/ml of
snake venom for 24 hrs.

Equal amounts of total proteins(50 gg/lane) were subjected
to 12 % or 8 % SDS— PAGE. Expression of TNFR2, DR3, Bax,
caspase—3, caspase—8, cleaved caspase—3, cleaved caspase—
8 and [B— actin was detected by western blotting using
specific antibodies.

Each band is representative for three experiments.

3. A3k NK—92A4) 32

WA g

7} NO 2343l

A549 <17t H|9F Mol A NK—92 4|37} NO pathway
& Foto] AlE BAol Faks mA=AE Fllsk] 93,
NK—92A|32.9}2] wfj ¢ of - B! Al A of o] whe} A<
ono] o} A A x(nitrite) %4 HEE griess reaction
o= rRsIgieh. NK—-92A13 9} wiedslAv Al Az
afo] T vl W, vl @) vlalste] A5he] NO
A= A9 7R BUTHFig. 3). F 7H] E4E& ¥
o2 RIS wf AA] 3 mEek PR sl
(Fig. 3).

In A549 cancer cell

Nitrate (M)

2 =]
1 -1
D -
- + - -+
SVT
Co-culture Co-culture
NEK-92 NE-92

Fig. 3 Effect of co—culture of NK—92 cells on
the level of NO in the A549 Human Lung Cancer
Cells.

The cells were co—cultured with NK—92 cells and then treated
with snake venom(4 wg/ml) for 48 hrs. Thereafter, the nitrite
release in the supernatant was assessed by griess reaction as
described in  Materials and methods. The figures are
representatives of three experiments with replicates.

Values are mean £ SD of three experiments with replicates.

4, AF=3F NK—92 A|3E7} perforin,
granzyme B Zr&ol nx|= gk

A2 NK-92A137} A549 IZF H|9F Aol 4] NK—92

MEZAT ARE A2 perforin, granzyme BY ¥
S FINFIEA Dol A} &9t Perforin, granzyme

http://dx.doi.org/10.13045/acupunct.2015007 83



The Acupuncture Vol. 32 No. 1 March 2015

= RT-PCR 245 &d 2RI dsom
NK-92H130] AF5S Aelel] 2 wldsisls w7t
NK-924} vjoksl= AR perforing] Walo] FEeix] A
71190 granzyme BE NK—924) ¥ A5 212
3lo] 3% wjUslolS: w7k NK—925t ujkahs Aol H]s)
ki S7FkS g91e 4= IItKFig. 4).

Granzyme B

Perforin
GAPDH
Co-culture  Co-culture
NE-02 NE-02
SVT 4 pg/me

Fig. 4. Snake venom enhances the expression
of NK—92 cell-related cytotoxic proteins in A549

human lung cancer cells

Expression of NK—92 cell related cytotoxic proteins such as
perforin and granzyme B and GADPH was detected by
RT—PCR analysis. GADPH protein was used as an internal
control. Each band is representative for three experiments.
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71 gRbsleta o] SIS SEataial |l AL
£ o]&3% A5} BAE I glom) T F NK celloll
gk A+ meek HegE]ar 9tk NK cell> 2HaAe] 2 Al
ERA HEAE, S dAE g dEEe
FerRII(CD16)9F 22 1gGS] Fe 48415 7HAaL Qlrk
IFN—q, IFN—Q, TNF—a ~1e]il TL—2¢] ojs] a7} =
o] YEFRIEH]  AMYAE (lymphokine  Activated
killer cell, LAK cell)7} o] 23kl HAlare] wHe

A3 5”4%’53 WEshH, el gk gapdhul
AEES F381] programmed cell deathE =3},
NK cell& 7153422 cytotoxic T lymphocyte(CTL) 3
FAFSFATRE major histocompatibility complex(MHC) A
gt 548 7L QA= @kom, = vfoje] e 7l
At SHAIE T AAZTE NK cellel] o 24S
class T MHCS] &z} whlglsh=d], dutdo= Aol
NK cell 3H9] killer inhibitory receptor(KIR)+= A}7|
class I MHC #-41= <14, Aglalo] 27| 4| zol] o3k &=4F
S A el AN vojef el 7HodE Al 9
¥+ class I MHCO] wHalo] 734%7] wjio| NK cellol
&) AFEE 4= 910, class [ MHC AHAESS] A|XEA]
T Aol ofsire AAEA Fshe Bd& NK cello] B

k= Zlolth NK cell®] 54491 F412k= CD56°]H,
CD16+- IgG7F A3 TAAEES Q14810 ADCCE 4]
M EE AFEAIITE ADCCE AEFRC] A9gH A7} 24
HAAIE EH S Fe =84 (FerRI, CD16) 2k 35248
S ogx AAEW FA7|HL perforin?} granzyme
5 xekelhe Alrd s Evlske Al T AlEet
o FAIE21),

BRM Woike-S sk 848 FYoh= o
Al g o glont vtelejof, 3ol o7, 3%
4 AR, T8 T AYdAME bgdsl ddE ok
BRM=> %}ZH@_E ‘@ O ¢ ¥H5-(host versus tumor
response) & 57/ MAA A4 05 QHA|EL] T4 0 ZHE
%5o) gyl Fusl Tt Qe

2]914 BRME aAL A4} vhilz] o = vlokel &
Aol & 4 9low] HA| T-{2, B-§27, NK cell &
& YA AR O Holel, Helelel, 7WE,
PAL 5 AASHES FRh BRME] ezl 7140,
2 NK celle 279 FHeA7171E S48 DCsth o]
A L1} 2& Ao]iE7h) #1)Z
T3, ]aqu} *}OIE?}C’]O] B2 T A*(helper T cell)
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F-Eoe Hals BA] FoU 5 o] F dlghd 2 3
WA Al B A5 R2 Fou]dh g7 glvkal B
o Sl S Y T B8 APVI2 4l 4
(A= 48, 59, QYTE, BEADS Aate
w7} 2)\;}14,15)_

AEEL A5 (natural toxin)o|gfale A|shy A
olE AEA(XE, 5=, i, AT T)ENE
A S 55 gt A5 A SRR ofuet of
2eHQl 280l glom Tl A= BARE A H o
‘”01 oM TU 2L WEHE A ZAIE dehs of

= e v o] B A itk AdE F A
%: W APE HA 0 R EE BoskL Bolo] 34 %‘—%
Askslr] 913l #(saliva)o] o] THEofxl Zo=
polypeptide} thaFst Alg] A5 o] Z31x o] Qith A}
=9 A A F(species), 3FE AT, A2
we} o} ojA A 02 Al A5 90~95 %= T
AR FdEo] glom, oeigh e =4 2 H|EAy
BAEE 7 ok e id F 9 i
acetylcholinesterase, L—amino acid oxidase, serine
prostases, metalloproteinases, phospholipase—A2=
%E%Z:] g}]\];}_lo,ll,lG).

Vipera lebetina turanica WA FE3F ARso]

NK—92 AJ3Ee] Fkaatol ojm et Gk v, 1 3}
Aol o 7ol Hefslo] 9l=A] Bl 7] A3 S B3l
AT AB49 FoF AlESE NK-92 AEE 35 Hll
& e}, A5499} SVTE 3502 U3l o A549 9]

G AlES] o] SopA= 2 A1E ¢ slgler,

=7 AT sk GARL ), e} 1

E

Al A=
A549 TS A|Zo]| SVT S} NK—924| Z - 317 wjjoksh 749
A549 ME9] AEES A3 v AS ERIsISit
(Fig. 1). B3k NK-92 A2 SVT9} 24A17F w1l S
u] NK-92 A7} gejekd o = okl Wy} ¢lod, 4 pg/ml
O] FE9 AFE-2 NK—-92 Al AE of ol = 98-S 74
o AFBISITH(Fig. 1).
NK—92 A3E2] AEAFEA} 71742 73R4 0 2 A 7| =,

S NK Al #He] APESEA(TNF  super—
family[FasL/TNF])oll AFEQIAHFas/TNFR) 7} Agls}e]
AIEAPEARE frieshes 713elH, T sl NK-92 Al
o)A perforin¥} granzyme BE WE3sto] Al¥APEAE
0107]1: ]xqohjrw,zo)

Perforin¥} granzyme B 5 A¥2 33} AR &
& AEAPEARS] 714 A 9] - W] ARE vis 9l
9] ARe T—AFEAPE 483 (membrane—Death Receptor)
7]l efsto] MEATEALE frieshs Ao, ] A=

= MEZEopr} ujllE FpAolrt. o A== Al ofqt

o EAfsh= AXEAPE 8Ao] AP} Atk ¢
2=l ofal] MEAFEAR} % AP Al
FAPE 484 (death receptor, DR)= TNF receptor
gene superfamily®l €3h4 theF 30¢] 72 A
P DRE M EA death domain(DD) ol w} Wi
T S|, DDE MZARE F8A7F AlZAPEARS et
+ d-e] BAA Als = 2H83hH DD7F 3 AlEARE
FEA = A¥AE AEE A 5 AT, DD 9
= AFAPME EAIE o4 TR delA Qe 2] o
2 = o8l AlEAPE 8A7F 2448k o] FasLa
DR1¢, TNFE= DR2°], VEGIE DR3l, TRAILS DR4<}
DRS¢l 742t F-2kste] AEAPES sk A=A 2E-
M EP?, o] Lol A] western blot analysisE %
af glg niek o], AFARE 284191 TNFR2, DR37}
NK-92A|% o= wjodgls wjrnr} AlsS Aelsie
NK-92A129} 35 wjgsisls o dao] S7keisitt

eyt 5ol

(Fig. 2). o]& 4ug/m FI0] AF=o] NK—9243E2] A
A 991 ARE 2XE9S-S ¢ %3}# Aot}

%3 Fig. 49 éﬂroﬂ/ﬂ RT-PCR #4] A3} AE=A
7] ehel granzyme B, perforin®] %?ﬂ ] NK-92 &
Al Hlsl AR SA] Al A fFoletAl ST

&4 Ao, 53] granzyme Bl H|&H perforin®] +

= Skl WA 4 9ok Perforin® NK
AZIA cytoplasmic granulesell #17d¥e] Sleb7h 4]
A 45 5o AFo= AlE Al Haateh A
X 7be} 7ol s, WS perforin TGEIA7F 4]
Alaze] dEdute] el A= T A3 4
(pore)S BAEH Bk olg)et oz AEA S3=
Frisfal A AEel| granzymeEo] FE F LT =
Slo] dapor AEAPES Sk AT Y,
Granzyme B perforinol] oJ3l] W01 poreS Z3
AP W2 9810] caspase 2J& A2}, nEFZEEo)
7} #o]¥l caspase H]oE ARE T3 T AEE v
3R= 71 XA RA 28 FeP). Caspase 9

L’.

Z=2o|A granzyme B procaspase—3E caspase—3E
A7) GA3FE caspase—3E ZE(ADP-EH L

2~)%&3ta A [poly(ADP—ribose )polymerase, PARP]E 4
hale] AEo] NFEAMEALE FEsh] DoPY. Granzyme
B I3 caspase H|oE ARE 8 MEY necrosisS
fre=sh7 | sk, o] 717 granzyme B7F AA|E Al
F49] bidE 719 truncated bid(tBid)E &Ads}taL, o]
= Bax®} &7 nEE=glol Y= o]F3ked cytochrome

= vk 3P, Cytochrome CE AR A0 R A9
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necrosisE =8P gAloll ]2} M7= apoptotic pro—
tease—activating factor(APAF—1)& A=} caspase—
S DsIA7|aL s caspase—9°l| oJ3] Ao
caspase—3°] B4J8tE|o] AEAEAE frisob | 3lo]
ATA O 2 cagpase E MFEALAL AR o] ds),
wheba] 9] A58 AREA 4 pg/ml F5EL] ARo] NK—924]
oA perforin & cranzyme B 52| &S 5]
HPs R g Axapd gdE Fe, 1 5
perforin®] W& Fxlo] 1% F=eA4 Aol pore3AS
frishe 2Hgo] FElghe gR1E 4= AT
TNFR2¢} DR39] #dsh= NK cell A|ZEAFEAL 717%1¢]
2] ZZ(receptor mediated pathway)<} A7} 9o
perforin & granzyme B ¥d $7k= NK celle] I+
7l (granule—mediated) 71723} FA7} A} 284 bax
D(cleaved) caspase—3, caspase—8< g w7l 7)1z}
TEA i) 71 BFelA DSt wiel] o5 4
o] Z7h= NK cellel] oJsf) AEAPEA}L 71d0] fre=] =
A 55 wkeditt o 4= Qlrk o ATlA &8
caspase—8- NK cello] f-4+8}= apoptosise] S+ 714 5+
2 7221 DR vj7f A=l A9 caspase T Hx= &
gslEo] 1 A E ¢ ARE BAsA)7 % ofaL, 24
3} caspase—8°] AIFEA W bidE Aotste] W) A2 E &
szl dxste] A ow ) A=) 9 HrE
AT g Jes PO Caspase—3+ NK cell
] Il M W= granzyme Bell oJa) 23] &d3teof
AEAIAE FEsP| e st AP -84 vil7) €] 4
2ol 4] caspase—8°l 3l A&o = st AL 52 m|
EFego} ul7l U] 2ol A caspase—9°l 23l 243l
of NE5A G3E FEshl Ho. Baxt Bl 27 &
shufo|m, AZAPEAL Y F RlEZEZ o} Aol 7]
A w7l 2 Wl ZF=)ellA tBidst 9 nEZER]
of elua} Al cytochrome C WES Fri=sh=tl ¢
Z3IP22) ol AATtoll A AB49 T gl ol B}
NK—-924| 32} 35 vlj9F3l 70| bax, cleaved Caspase—3
2 cleaved Caspase—8°] frolaHAl Z7lsl3i o, &0
AbsAE Al G BAE] U 271 E91E 4 St
(Fig. 2). ©]= NK—92 M7} A549 A|3EL] M ZAPEAL vt
&= frieohs tlell SVIZ} g v E719kS ofw]ghth
NK—92 A8 A|sEAPEAL 71 0 el B vhe of
L= nitric oxide”} #oJ%] = nitric oxide pathway©|t}.
NK Ao x] NO2| ko2 interferon—y(IFN—y)
‘5 cytokineS AJAJSHA Hof o] Edo] S (sarcoma) Al
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oA 9 AAHE HolE JAsE AEAPd fEr]de
2 WSR2 Qs B 8o NO determination 2
I} NK-92 HIE ehsA 22 AR 2 NK-92 A|E 54
Al Zpollx] NO9 felgh ws2 flith(Fig. 3). ©l
= ARG AEEelS W UJER R AB49 A 5 7t
NK-9241328] AEZAPEAL 717 FollA] nithric  oxide
pathway $h= S12Ho] §la-5 <] sk
wpha] 9] At AR AHs0] NK—-92413E2] Al E5A4
8-S FosAl ST, AESA 28] NO A4
7k Tl AEAFE 7179 | - 91 7]:HE £X
=

AR o EHA Figths 21 eI 4 itk @Al oAl
¥ X859 gioro R W o 2= W] 2ol A=o] Fi}
)

I BRMO.% -84 Aoje} 7| gir),
V.2 E

QA 9] FGF A A549 A FEF-) A ARso] NK-92 Al E
o] YA A AIE v ma R fieskeAlel o)

sto] dgsiglom vt 22 Ak =Esiglh

1. Cell viability assay& A3Je+ 23} AF5S NK—-92
Az AEsAdarts ZXIAA AL A5499)
SAS AABISITE B8 NK—9241329) AFS2- 244
H
e}

SO

& MYkt e AR NK—92 Aol et

SFE kA ettt

2. Western blot analysis A] A549 HAH|EANA Al
ot} NK-92 AIXE wsAae] Hs| AHs 2
NK—92 A3 FA] Aol A HMZAPEALES 2188A)
7] SEal] g9 caspase—3, 8¢] S7FISIT

3. Western blot analysis A] A549 F|UAEANA Als
2 NK-92 A2 A2l vsl] Al 2 NK—92
M SAL AgatellA] AEAPEAL @RI A=)
death receptor?] TNFR2, DR3 WH&lo] =731t}

4. NO determination A] A549 A|¥Ed|A42] NO A&
NK—92 A3 eHsAig]atd) AFs 2 NK-92 Al &
AR B A fro] g WSk F LR ekt

5. RT=PCR A] A549 H A EANA AE=A wli7f ol
9l granzyme B, perforin®] &S NK-92 ©Hs3
2]l H]8) A = NK—92 Al SA)A 2ol A
oJsA 573t

E
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