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[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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20149 vl= FA O] =W F 47 F 170 o= A}
ety e, o] F HYE R, APAd A
g go] 2 A% F sjfolty). wYk ABE HANE
A} 2A|EZAY] T AFOE o] ZF EFA Y B
(i), 2] A7 5 o9 89l wet X & We
Z27sHA Aok Foe] 71& A a5, YA,
gstarios s 4= Slot, HaAlEZ oY Age ¥
of w2t o2} aRS T 2 W] AEsiA Har, &
A2 HZ Hol7} 9] F AA|of| EAsh= Az A
2317] s Ferarsta e AMgshE o] rko|p )

FAT AU YA ZE o2t A A 5 FAEE
7hwhE A2 ohajste] M, FUE, AR A0k
A, B B ThoReh HR-S fue B ool gAE
7b FAsietario] Wiol 71 AAlE7t Azl A
W& M| gAY, 13} A&l §RS= S )b Al
H sstarol= ¥REkA] ¢7|= slof X7 A2 oo
A A7, debA gkl gtsistay 9
o ¢k X7 A FeAdo] tiFHAL ot

A FAstta e geters BAkshe AL HAQH
(immunotherapy) &8, HY 82 FFAE-S sk A2
Hmacrophage, NK cell, B cell)& ZASIA|7A FA|Z
o tejxt | ¥R fF=ste] SEA|ZY APEolL
A AAIE 7Idske Aolt. & e 7|t adte ool
o 7= HYEA AHE AN e A marT
-85l Y ATE Ee Aol o|FA HYer <
o PEAE ke 222 AAERSREAdA
(biological response modifier, BRM)a} A 3P0

ApAASA| E(natural killer cell, NK cell)= A4
Hego] $59 GTL shol, AT 4 Y72 o]
olgA 7 NEY FUAZE EalistAY 2 AlEs/d
g ot Ay A48 71H F Fedatet
ok g7l 716e A o2 AlZ v Al
EAl(antibody dependent cell-mediated cytotoxicity,
ADCC)T} AAAEEA $-8A|(natural cytotoxicity re—
ceptors, NCRs)E°l oJsf wi7i=l= AA4ks] 7]do|th
ojgfet 7|M oz QA FAAT= o] Ao HEHA
B} Qe

Al=(snake venom)Z TioFet AEE(biotoxin) & st
2 REJESE B4 B oljel ST WSS F
) AA| WollA chekzt wke-5 f-=siA |k, 22 A
w2 AREoA E2)E ojg] EZ(acetylcholinesterase,

N
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L—amino acid oxidase, serine prostases, metal—
loproteinases, phospholipase—A2 $)o| ©=o 2 dof
aat QAo tis) chast A7t ol H Y, o]
23t A7 AEolA 259 B4 229 ¥ a9E
AFE Ao] FELE, ARso] A HPAlZ thsh
NK cell®] HA|Z A A a5 FXsk=A]ol| s
< @A7HA A7t ThgstA o] Fol gl

wEbA] o] Atollil= AbEo] QA HYh AlEZQl A549
oflA] NK-92 A|3£9] LA 4 A ATE Bf& SXA]
# Huk3-& T3] 71= BRMO.2A 9] 7FsA0] Sl
Aof| thel] opa, AlEo] HEATEAL 71 F2lo 3
oA ojugt 71dS SAAIZIEA We Haa g,

. % o

1. A=

Vipera lebetina turanica 28 &3 AF=-2 Sigma
Chemical Co(St Louis, MO, USA)oJA Fd3tich
Western blot analysis®] AFE-E TNFR2, DR3, bax,
caspase—3 and cleaved caspase—3, caspase—8 and
cleaved caspase—81 Zre o|x}gA|EL HE Santa
Cruz Biotechnology(Santa Cruz, CA, USA)ZX.E Fuj
atict, 2] PAIEA] g2 718k A2k Sigma Chemical
CoollAl FU3ISAT, NK-92 AFAASHA|E, A549 FH YA
¥Z+= The American Type Culture Collection(Manassas,
VA, USA)A FYUsHTE Gibco Life Technolo—
gies(Grand Island, NY, USA)o|A] RPMI 1640, MEM

alpha, penicillin, streptomycin @ fetal bovine serum

(FBS)E rffste] Foll 83kt

2. M= Hi

NK-92A4|3Z2] &= 20 % fetal bovine serum(FBS),
100 IU/ml penicillin, 100 ug/m! streptomycin 2 10 ug/ml
intereukin—2(IL-2)& 323}5l= MEM alpha HJZ|oj|A] uf
OFI T} A549 H|3E= 37 C, 5 % CO, incubator 279
A 10 % FBS, 100 IU/ml penicillin, and 100 wug/ml
streptomycing E--8F RPMI 1640 v x| WollA] ujkst$
o}, A5498F NK-92 A|lZE 35 g %-9ol= MEM
alpha®} RPMI 16402 1:12 E33H HiZ] o 4] Hioks} AL,
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Mg Z8)71RY|0|E H(porous polycarbonate mem—
brane, pore size 0.4 mn ; distance 6.5 mm)©f 2]3} Al|3E
BEEL trans—well system o]83FATH A549 AE
(5X10* cells/well) 2 3248} Eot wjoFst & NK—92 A&
(5x10* cells/wel)S TY wello]] H7}ste] wjokstsict,
HE AZ 8k Costar(Corning, NY, USA)ARY]
24—well platesE 223}t

3. Cell viability assay

ot Qe AlE 4 RIS flst] A549 HoF Al o
NK-929} 3= ujoFs A549 A|ZE 24-well plates
(5%X10* cells/well)ol] B3t om 1 5 4 ug/ml FE2
snake venom= A|2|5to] Sl AlE= EFYA A
2] ¥ 1,500 rpm e 2 587+ AHEL|s, shFof £E
pellet]]  QWAtH &% 2] H<(phosphate—buffered
saling) 10 wg ol UG, AT A=l
(suspension) Z+ 0.9 mo]) 0.2 % trypan blue 0.1 mlS A
el A TS AR, Wl B el B
neubauer chamber®] &30 4o} Ql= < M| ZE 73}
o counting 3}t Trypan blueE &3t ASE Ho
L AZL Z2 AR, Trypan blueS HAIR Az A
ololis MR 71E315Ic), 2 842 4] §l whstel 23}

£ Zolu%} SHct

it

—

1

4, Western blot analysis

Aslela Mo BAS 93| A|EE lysis buffer(50 un
tris, pH 8.0, 150 um NaCl, 0,02 % NaNs, 0.2 % SDS, 1 um
phenylmethylsulfonyl fluoride, 10 1/ml aprotinin, 1 %
igapel 630(Sigma Chemical Co, St Louis, MO, USA),
10 um NaF, 0.5 um EDTA, 0.1 um EGTA, 0.5 % sodium
deoxycholate) 2 A|EZE &8515.2H, 23,000 rpm) &
T2 A7 gt fAEe ARE ARG AgskE Bdd
AJR(80 ug)E SDS—12 % polyacrylamide gel A7] F%&
H(SDS—-polyacrylamide gel electrophoresis, SDS—
PAGE)o 2 EZ3t 5, Ead WZL nitrocellulose
membrane(Hybond ECL; Amersham Pharmacia Bio—
tech Inc, Piscataway, NJ, USA)CE 7ttt thilzlo]
SAA 22 0.05 % tween 205 EES}= tris buffered
saline(10 um tris, pH 8,0, 150 um NaCl) 2.2 R& & 5 %
(w/v) SRR HOo2 A2o]A 2417t F2t blockingd}5l

T} membrane2 Fof AF3st E0]8A|[caspase—3, -8
cleaved caspase—3, caspase—8°] Z& HF3I= rabbit
polyclonal antibodies(1:1,000 H]&Z 3J4I5te] ARE
Cell Signaling Technology, Beverly, MA, USA), Fas,
TNFR2, DR3(1:500 H]- &2 3]Al5}o] AR ; Santa Cruz
Biotechnology Inc, Santa Cruz, CA, USA)]®} 5A17F &
oF A Lo BRSAIATE 1 & blot-2 anti-rabbitT} anti—

mouse immunoglobulin G—horseradish peroxidase(1:

9

2,000 dilutions, Santa Cruz Biotechnology Inc, Santa
Cruz, CA, USA) Zstolof|A] vk}t Western blot
ZA3}= ECL western blotting detection system< ©]&

3to] 7hAISFSE AL,

5. RT—-PCR analysis

Total RNAE= RNeasy kit(Qiagen, Valencia, CA,
USA)E &gsto] FE35I5irh JAARES-S RNA to
cDNA kit(Applied Biosystems by Life Technologies,
Carlsbad, CA, USA)E o]£3}o] cDNAS A5 &
A%t cDNAE templateZ PCRS A3} =d|, 96 Tol
A 187 WA 7], RSP 02 747 96 CoflA] 17E,
60 T = 63 TollA] 187k, 223 72 ColA 187 &
30 cycle2 53J51th G7AA} HES & polymerase chain
reaction(PCR) ¥h-2-of| ARE3F primers= 5'-3° GCCAACT
TTGCAGCCCAGE perforing, granzyme B BA4o|&= 5'-
3 TGCTTCCTGTAGTTAGTAGC 7] A8& o439yt

6. NO determination

(¢}

1o

5N 9] oAy HA FHL griess reactionS E&
sto] B7RsGiTt 2 50 we i ASAE FUS &
griess reagent¥} 3510 1046 5k A2ol|lA wiekstel
t} upo|a2EY0E &L Y 7|(microplate absor—
bance reader)E &-83t0] 540 oA FFEE A3
T} Griess A2k 0.1 % N—(1-naphthyl)—ethylenedi—
amine2} 1 % sulfanilamide in 5 % phosphoric acidS 4]

o] A,

7. SAXE|

Graphpad prism 4 ver, 4,03 AZE%{(GraphPad
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Software, La dJolla, CA)E &8s} HoJHE 4514
t}. Hlo]Bl= mean £ SD P2 02 F7|slglon, BE b
olg] 22| ztol= LYHFEA (one-way analysis)E &
&3l ARt BAREAOA p-valueZt SAH 794
2 Y o], Dunnett's test2 AFE AASIATH p—value
7F0.05 oJ3kE F-o4d0] Sl ACR st

1. AF=1} NK—-92 M|ZEO| A549 AdXt
Aol cHst £Z1 20t

Ab=o] A549 A HF AlEofA] NK-929] 474
A= 2R5=RE H7I517] 93] direct cell counting
S E3 N SAHEE BA5IATH A549 A EL THE b
oFatAL} NK-924| 29t 2502 wjokslg i, AFS-S

A549

SVT 4 ug/mé SVT 4 ug/mé
+
Co-culture
NK-92
NK-92 cells

SVT 4 pg/mé

2otAY 2 AP o FERE 24417t B
Tt

Fig. 1904 AAJgH vie} Zro] Al 2 NK-92 cell- ¢l
7t HUAIEZ A5499] M FAIE 77} ‘2111]6‘}93\@, A549
AZE =02 ujost 273 B 25lE-S 1 NK cell
I ANES 35 Higstss W AIE 5 FYsHA A
70 AL AT 4= 9t NK-924 o] AF=-g 244)7F
B Azete] djx<a} vlwsty of Al FeAQl
WSk TR okt

Fb vt

2. AF=1F NK—92M|Z 7} MIZAPH
83 Y MEXIHAL ZF CHHE
dtsiof O/xX|= e

ARET} NK-924| 27} A549 Q1A H|9HA| o) 4] TNFR2,

DR39} 2+ MZAME S:gAe EAel AzAE 24

HN219] bax, caspase—3, caspase—3, cleaved caspase—3,

A549 Cell viability %sof control
S|

20 4
10 1
0
- + - +
SVT
Co-culture Co-culture
NK-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 rg/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.

* 1 p(0.05, significantly different from co—cultured with NK-92 cells.
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cleaved caspase—82] W& Z7|15 ZXIs}=A] E<lstA}
siiek

AZADA 28 G 9 AZAE 28R western
blot analysis& 3l &215}5th TNFR2, DR3= NK—92
Alzgt gEog wigRE dEY AES At
NK-923} 35 Higstgs o ddo] F=gAA F71st
AckFig. 2). FA|°| bax, caspase—3, caspase—S,
cleaved caspase—3, cleaved caspase—8 E3ZF NK—92A]
Z9t S ot AbsS A Esto] NK-92¢9} 35 Hl
ot o Wdo| F7IskthFig. 2).

SNAKE VENOM TOXIN
AS549
TNFR2
DR3 | — s e <SS

B - ——

-

Caspase 3

Cleaved Caspase 3 ——
Cleaved Caspase 8 — - - -
R-Actin

Control Co-Culture SVT  Co-Culture
NE-92 4py/md  NE-92

SVT 4 py/ne

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 g/lane) were subjected
to 12 % or 8 % SDS— PAGE, Expression of TNFR2, DR3, Bax,
caspase—3, caspase—38, cleaved caspase—3, cleaved caspase—
8 and - actin was detected by western blotting using
specific antibodies,

Each band is representative for three experiments,

3. AF=1} NK=92M|ZZ7} NO Ao
0|X|l= Ak

A549 A7k F¢ M| ZoA NK-92 H|Z7} NO pathway
£ 39t MlZ 540 FFE nIREAE ERlE] Ybl,
NK—92A| Z&}0] vjef of f 9l AL #]2] of fof whet A5
oH o] o}&IAA] A A (nitrite) 22 HEE griess reaction
o= et NK-92A|E0} vepsAL AE S 2]
sto] 35 Bl o, thRa Hlwste] A45H <] NO
HEL 7] 2741 QstchFig, 9). 4 B8 B
o= Hiketls W AlUA Bt E WEEA] T
(Fig. 3).

In A549 cancer cell

o
1

Nitrate (M)
(%)

2 -
1 -
D -
- + - +
SVT
Co-culture Co-culture
NE-92 WE-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 pg/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. A=1F NK—-92 M|ZE 7} perforin,
granzyme B &5l O|X|= F&k

AR=a} NK-92A41Z7} A549 Q17F #H|9h A|Zol|A] NK-92

N|EZ=Ad3} A3d Tl perforin, granzyme B2 W&
S Z7IA 71 =R Yol 1A} 319} Perforin, granzyme
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BE RT-PCR Z4= 3 ZARKIH. Z3ge=
NK-9241 2] ARS& A3t 35 HFstse ot
NK-92%F Bjgshe ZE perforin®] @do] FEA]7]
37FI9.2H, granzyme B NK-92A| 0] AME-S e
3t 35 et RS W7F NK-927k vjgsh= Aol vls)
o 71 BT = A THFig. 4).

Granzyme B

Perforin
GAPDH
Co-culiure  Co-culture
NE-02 NEK-02
SVT 4 po/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,

S A oF 3 e, AR olo] Al WA
W] ov] Y BEST ARE 1918 e
Agolet, webd 2] 27 @ EnkAel A2 FaHo)
e ek, Hee) 71
A 9 ssayo] glom, 7] L 2 FEIAEY,
AAED ] wret BE B ByAoR Heslel A=
A Hie USR] Rl AwAOR HEAEA
(apoptosis) & §13le] FPALY F4L olAlsh A2
9, ol BAAE E3F Tt} chopt RG-S 0T
w ofjet QAZE 54 Aol o] AR T Azl
A7 QU

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

71& Fseta ol SAE SHA A WA E
£ o83 FAAE7F FAEL 9lom, I F NK celld]
ot S E3F A= QT NK cell> /A2 2 Al
Z=A HEZFE 3P ANE 79 HEE=
FerRIN(CD16)9} 22 1gGY Fe $841E 7K1 SQlch
IFN-a, IFN- 8, TNF—a 181l [L-29| o8] 83} &
A=o] Fx7IIEA AMIA|E(lymphokine Activated
killer cell, LAK cell)7} Elo] Z23= Z3A|Eo] EH|
Az EATEES WEsHd, oo 23 avdi
M2 E35le] programmed cell deathS S-=3H}
NK cell& 7|52 0= cytotoxic T lymphocyte(CTL)Z}
LB AFSFA T major histocompatibility complex(MHC) A
T 58S 7L QA= goH, 2 Hiolg|xof ZAEH
Alzu FAIEZ F& AATT. NK celld]] gt 43
class I MHCS] W&t ghajgjsi=tl], U¥t& o= Ao
NK cell #H] killer inhibitory receptor(KIR)= A}7]
class I MHC AHE Q14], Asto] 7)Mo gt &4
= AAR, 22y R vlol2|iof ZEE AL oA
ELE class I MHCS] 2do] Zak]7] w&o] NK celld]
Ofgf] APEE 4= §lo], class I MHC ZBA|ZE0] AlEZ54]
T Ao ofsii= AAEA Eoh= Tl NK cello] B
sl Aoloh NK cell®] EAAQ FA|2}+= CDs60]H,
CD16< IgG7} A% FAA|ZE 2l4]sto] ADCCE #3
AES A=A, ADCCE AEEHS] 283 A7} 2
AN B Fe 2284 (ForRIN, CDI6)}F AFS2He
To XN AREY 47|42 perforind} granzyme
== Zoohs Al2d g Blske AlZEA T AZ
ofF FARSILA1,

BRMZ "R F=dks B4 T8 A
ARellA FEE 4= glot vte|jol, o], o)7], Fg
4 AR, 58 F AYdXE oA 2488 = Aok
BRML HAjF o2 ‘&
response) & S7117 ZH0 R QHES] S40 2R
439 go] FiEl= avpy} Yoy,

9]Q1/d BRM 34k, A, @il R 5 TRt &
ol & 4= 9o BA|, T-9Z+, B-YZ, NK cell &
= B3A 2H o7 vlolg|x, digFof, 718F, F
YA Z & AASI=EE FEgitt, BRMY ¢=Xl 7|15e
EE NK cell& 23 E4344)717|1% A9 DCsH th4]
M & STAA IL-13} 22 Ao BRI BHIE &
T35l o]Egt Alo]EFIRI0] BZ T A|E(helper T cell)
£ A=F510] NK cell 5 HZ71 3/ FHAEE AA
g fEsl7|® gtk 7 B2 A7t o|FolX B4R
2 BNl SolA 2EE UPRE, G522 A XEAR

c

i o

&

o} "k-2(host versus tumor
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SEtths Hals WA gou e ol F o3l A 3t
staw g 4 B2d 22 foud B3t ok 2
7 o glon] we o Be] A @A 4ol 3
(HE: A8, 49, 0N/TE, BB/AHE AMTTE
w7} 2{1’4'14'15)_

AEELS At =(natural toxin)o|2talE A5 4t
oilE AEA(XE, T8, #F At SHEFEH "
54 52 58 gulgitt A5 54 A ope) oF
2J3a]Ql 2Hgo] glom thefslal A28 222 FAE
o] o Fd 22 WS EAIE sidske oF
== e o o] He A3 At Ads 5 A
2 A HA o2 RE BEsAY oo FA Y-S
ARrsl7] flsf X(saliva)o] HFPE ] TS0l A=,
polypeptide®} Tkt Ae] EH0] EE o] Qlek A
9| 4 B2 Flspecies), JHLER 7, A2Af
w2t o2y A o2 Abs A25F 90~95 %= T
AE FAH| o, ogh tlEe =4 2 HEA
EAEE FAH ot A 2eld F 8 ARe
acetylcholinesterase, L—amino acid oxidase, serine
prostases, metalloproteinases, phospholipase—A2=
Q'__]'E:]X‘-] %]\1—4_10,11,16).

Vipera lebetina turanica WoJA] Z&3F AlE9|
NK-92 A|29] getaxte] owd g nAeA, 1 3
oA od 7]-o] BojElo} YA E 7HA HAPS 59
AT A549 H|Y H|Z9F NK-92 NZE 35 Y
oo}, A5499} SVTE 3522 Hljofslgle  A549 ¥
A AlEZ O] AEE0] Rkl e e EIT & Sllen, of
£ 71& Q7 Aot YA/ Yot B Ao
A549 H|% A|3Eo]| SVTLF NK-9241 25 A vt 735
A549 A9 AEEE AA3] HFEe AL U
(Fig, 1), T3F NK-92 A|ZZS SVTL} 24A17F st
o NK-92 A|327} efjeba] o & ofird Wal7} Qlof, 4 ug/m!
O] FEYJ AR NK-92 A2 AE ool = 3 4
A& AARBIGTHFig, 1).

NK-92 AZS] AZADA} 71AL 78R 02 A 72,
Shts NK AlE #HY AFESEA|(INF  super—
family[FasL/TNF])ol| AFE<QI2KFas/TNFR)7} ZAgs}o]
AZAEAE SE31E 71800, e shbs NK-92 4]
EO|A] perforini} granzyme BE W53t NEAEAE
Yo7l 7)ol

Perforin¥} granzyme B 5 A|ZZ I3 JAEA] &
& MEABAY 718 27 9 1) AR hs 5 9k
9] AR w-AZAFE 87| (membrane—Death Receptor)
mi7jol] ofste] NZAFEARE fishe Azoln, W A=

£ UEZEgopr} uiZfE Byoltt, & A2= AlE 91t
off EAsh= AZANE EA o AFEIA} AR, ¢
ATl ofs) MEABAPE A= EA40] AP, A
ZAPE $-8A|(death receptor, DR)= TNF receptor
gene superfamily®]] &3} t=f 309 7HX= YA 9l
tP? DRE H|ZA death domain(DD) -0 we} U
4= %=, DD AlZAPE 8AI7} N ZAEARE 6t
£ Y99 FAoA Az A3 DD7L s HlZAPE
S8 E3 A ZAE ASE FAT 4 AP, DD7F Q)
£ HZAPE 841 o 7 YA glom 7] o
2 egiso] oja) AEAE S8 BRSSO FasLe
DRI9], TNF= DR2¢|, VEGI:= DR3¢|, TRATL-S DR4S}
DR5el 212} 3510] ATABS SEste AE2A 2§
3 ©c? . o] ALoA] western blot analysisS &
3 gl i} o], AlZAPE 482l TNFR2, DR37}
NK-92M| 2 @502 Hjg3lE fiot AFsS A5t
NK-92A| 28} 35 wjofsisis o 2do] F7ketgltt
(Fig. 2). ol 4 ug/ml FE=O] AFE0] NK-924] 8] AL
A oRIY ARE FX8a= YSshe Aot

B3 Fig, 48] A4 RT-PCR &4 23} A5/
7] ©8Q] granzyme B, perforin®] ¥r&o] NK-92 &
EX 2ol vl AE SA Aol FsHA S
& 4= loH, E3| granzyme Bo|| H|&}to] perforino] F
THAA SIS WA 5 Ytk Perforin NK
A|3zo| A cytoplasmic granules®] A& = o] lckr &3
Mzt HE 59 AFo2 Al Al Fxtet 234
Z 740) 7150l WEEH, W& perforin TA|7F £
Az} dFdute] AEe] AR S At 19
(pore)= FASHA Hrh. ol2dt YR AR &3iE
FEstal 24 M|z granzymeso] JEL ¢ =g F5
3lo] Aoz MEAES ANl IS P,
Granzyme BE perforino]] 23] ¥F50]A pored 5o
A|2R Y2 59519 caspase && F =29} nEZE=g o}
7} BdH caspase H|QE FRE 53 T AZE o7
3k= 7|1H9 ZAARZA Zg3HA HoP?, Caspase &
20X granzyme BE procaspase—3Z caspase—32
2A3tA71a B3 caspase—3= & (ADP-TH L
23318 4 [poly(ADP-ribose)polymerase, PARP]S A
dsto] AZo) NEAHEALE =314 Bk, Granzyme
B T3t caspase H|QE H2E B3| A|29] necrosisE
F=5h7| % skt ©] 7132 granzyme B7} A Z Al
EZ 9] bidE &9 truncated bid(tBid)E FAs}aL, ©]
£ Bax®} @7 n|EEE=got Y& o|F 5t} cytochrome
CE "= P, Cytochrome C= AFF o2 A|ZY
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necrosisE G5t FA0] 0|2} W2 apoptotic pro—
tease—activating factor(APAF-1)& A}=35}4] caspase—
9% YAISIA7| 5 LSS caspase-99] I3} AHHOE
caspase-30] YABITIo] ATARAE FEVIE T
AT 02 caspase O AZAUA Aol Bolghc,
b 9 AT ZHEA 4 wg/nl FEO| ARSO] NK-924]
EoJ| A perforin ¥ cranzyme B I} 9] W& §51¢]
1S Wiz & AzAE ans s, 1 F
perforin®] %% 0] th8 ESeiA AZ poreBHS
SRt 80] TRTE BAT 5 AT

TNFR22} DR39] EA3K= NK cell A|ZAFEA}L 7|29
2] ZZ(receptor mediated pathway)Q} A7} 9Jom
perforin ¥ granzyme B2] W& Z7l= NK cell®] I}7
w7l (granule—mediated) 7] A3} TA 7} 9ok 212u) bax
Y(cleaved) caspase—3, caspase—82 I mij7l| 7)A%}
F8A w7l 71 BRolA EAstEr] wize] ofE &4
O] $7h= NK cello]] osff A|ZABAL 7] - 0] FEE =
A og W & 4 9o, ol Aoy 48
caspase—82 NK cello] -S-85k= apoptosis®] & 74| &
£ 722 DR 7] B2 YA caspase F H2E &
3tEo] 1 AAR & F2E GAS7)E oL, B4
SH caspase—80] A2 U bidE AHst] | A=E &
Q37| dxste] AnAoR f FR2Y 9 HRE
dAgEL 1 9SS0 Caspase—3= NK cell
o] oA WEH granzyme Bof| sl A7 E/3}E o]
NZABAE fEsP|e 3t™, A 484 i 9] 3
ZO||A] caspase—8¢] o3} A& 02 SATEAL F2 1
EZegol uj7l f 204 caspase—9°] sl L5}
o] NZzEA a7E fEdA Hob?, Baxt Bd-24 F
shipoln], AmAEA 319 3 vlERSelop} Bojg ]
A vi7l, S Wi A=2)olA tBid%} A n|EZER
of oj5 et Al cytochrome C W& =8kt ¥
TP o Aol A A549 T HoFat ol ulste]
NK-92A) 322} 25 vjjofst 7£9] bax, cleaved Caspase—3
9 cleaved Caspase—8%] F-oJ5HA Z71519.0H, &9
A=A Al B 24E0] B 7R ST 4 ot
(Fig, 2). °lx= NK-92 A7} A549 A| 2| A|ZAHA} HE
o= sk Hloll SVI7EH aig Hhe-& SR fuldich,

NK-92 H|Z2] ZAEA}L 7|02 dA E Tk 3}
U= nitric oxide”?} o] &= nitric oxide pathway©|ch.
NK A|ZZ3o)|A NO2Q 48O 2 interferon— ¥ (IFN-7)
S cytokinesr A/J5HA Hof o] EH0] {F(sarcoma)Al]
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oA W QAE HIZ olAlske AERY o1
2 g R 3 Qo) B A o)A NO determination 2
I} NK-92 A2 D= E)a AFS 9 NK-92 A3 FA|
At BiroA NOY| Fogt W52 qIslth(Fig. 3). ©l
£ A= SRS o UEhks Asi9 A 2 227
NK-92A|Z2] A|ZAPEAL 714 Zo||A] nithric oxide
pathway¢h= Aol ¢33 on|sict,

wehi] ¢ AF AupE AREo] NK-924|Z o] A|ZEA4
A2 frsHA S7H7IH, AlZ=4 280l NO A4
S7keke FHsHA AlZAE 7149 i - 92 718E 4
oA SEEE AL SR 4 Yeich. B
2 20 tioto g Ho2t woXRoq o] A
¢l BRMO.2Z 289 Zo|z} 7|tgtch.

V.& E

A} H|F M A549 M| ZF-of|A] AbS0] NK-92 A2
o HAIZ 47 JAIE S AR CR FrsteAo o

sto] At on that 42 23 =E3Irh

1. Cell viability assayS A]3Jgt A1} AF=2 NK-92
AZ NZ=QaNE XA HYAE A5499]
242 VAT B NK-92A T AL 244
7t 35 sl = ARE- NK-92 A| o] Fejehs]
WSS fdstA] eskeh

2. Western blot analysis A| A549 H|UA|EZA AL=
ot} NK-92 AlEZ wEAwel] HE As %
NK-92 A|Z FA] Aol AZAEAE A
7= Tl R a 49l caspase—3, 80| S7F5IAL,

3. Western blot analysis A| A549 H|UA|EA Al=
% NK-92 A|E SER ez W3] A @ NK-92
AZ FA Aol NZAEAL €91 A2
death receptorQl TNFR2, DR3 ¥&o| S7}35}5t},

4, NO determination A] A549 A|3EofA2] NO AYAlS
NK-92 Al S=A42|dd Abs 2 NK-92 A|Z &
AAEE BRoA fefgt Wshrh UeRtA] okglet,

5. RT-PCR A| A549 HA| o)A A|25A] o7 ol
9l granzyme B, perforin®] Zr@-L NK-92 TH=3|
2o Blsf ARE 2 NK-92 M| Z FAIX 2ol A
oJsiA Z7Hisck



A=0| OIF| HIAUMZ(AS549)0f LSt Natural Killer MZ MEZEEM =X S0t
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