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Enhancement of NK Cytotoxicity and Antitumor
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Abstract — Pedunculagin is an ellagitannin purified from Alnus hirsuta var. microphylla, Betulaceae. The
effects of pedunculagin on immune system have been characterized to induce enhancement of NK (natural
killer) cell cytotoxicities against tumor cells. Here, we report the evaluation of the effects of pedunculagin
on the growth of murine B16-F10 melanoma i» vivo. After the intradermal inoculation of B16-F10 mel-
anoma, B16-F10 tumors grew progressively in immunocompetent syngenic C57BL/6 mice. The mice
treated with pedunculagin(10 mg/kg, every 48 hrs) resulted in a significant improvement in survival. Inhib-
itory effects of pedunculagin on lung metastasis in C57BL/6 mice were also detected. Summarizing treat-
ment with pedunculagin has a significant antitumor effect upon B16-F10 murine melanoma.
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NK cell> HH8Ix}E0] oM 9] tumor-specific
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EAFe) 249 #AAH Q= A Bt o]
interferonJFN)Z-2 A|E ¥Ho] MHCRH9) ¥aS
ke E4T A ik AlEE NK A2 Al
ZEAo AEAE Hole Aol 23] & 5 it o]
9} 7+ NK M29 F2AH22] ZAgol= membrane
structure’} Besh= 22 E-QITE NK AlEef| gk
A AR P AlER el B
o] AEe] o3t Ro=z Azher}.

NK cell2 tumor cell®} virus infected cells cyto-
toxic T lymphocyte(CTL)-mediated lysis®} -FA}SH
o) 23l AAFE NK cello] BHA X H2H6
% perforin-containing granules®] #Zo] Yot} X
Azl A3E Y3ITEY NK cell> E3F apoptosis
o gt BAMAE AHE FAsR: AAY B
NK cellell 2J&} Ev]s]= TNFoZ ¥8sl= 42 5
4 E4E°] apoptosistHyL H2E Ax 2EGY
olg§ AMHE EF35laL NK cell> 2% Q3%
a2l CTLse} #10)7F Yok NK cell> antigen-
specific-T-cell receptor 2> CD3E #H|e}x] ¢kow,
AT} NK cell®) BAAE Q1412 MHCY| =35HE]%]
Rt ook, ol2 U3 syngeneic® allogeneic
tumor cells?lA 2 +E2] NK cell /o] Yepd
o}, =3t o) priminge] CTLES A3kt 8t
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2 B2 NK celliFs~2 oJu3l immunologic memory
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T3] Mol #A1] AFE sk T I
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ficial metastasis)?} FUAEE D& U} o]2]9] F9
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AHER -2 d79 H¥sERE 57HE
C57BL/6 mouse(18~22g )2t 673% ICR mouse
(20~25¢ )& ARE3ISith. C57BL/6 mouses WY
seldTaold FF8 2g B o} 1579 HS
71% AR & A3l 1, ICR mouses FUEE9
A 55739 Zg Tl FA] 1579 Fg7E AR
= ARgSIih

ME % A2 - Pedunculagin(C,,H,,0,, MW=
784.55)2 R 2| \5F-(Alnus hirsuta var. microphylla,
Betulaceae)?| Xl ZA S ellagitannin® & 1 7F&
2,3,4,6,-(s)-HHDP(Hexahydroxydephenoyl)-D-glucose
& Hojglon, St oRBttist Afopst mAlefA
Aol A3

E Ao T3 pedunculagin® PBS(pH 7.2)
oo ol 3] g3A17] ¥ 022 um filterZ
o3 Haate] AT

BSA(Sigma Chem. Co., U.S.A), DMSO(Sigma
Chem. Co., US.A.), FBS(Gibco BRL, U.SA.), Ficoll
(Pharmacia, U.S.A.), Griess Reagent(Sigma Chem.
Co., USA), MTT(Sigma Chem. Co., USA.), Nylon

wool(Wako, Japan.), Penicillin-Streptomycin(Gibco
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BRL, U.S.A.), Percoll(Pharmacia, US.A), Recom-
binant IL-2(Genzyme, US.A.), RPMI 1640(Sigma
Chem. Co., US.A), Sodium nitrite(Sigma Chem.
Co., USA)), thioglycolate broth(Difco, US.A.), Try-
pan Blue(Sigma Chem. Co.,, USA)), Trypsin-
EDTA(Gibco BRL, USA)E T35t ARE3H5AT

MZF —mouse lymphoma?] Yac-1, mouse mela-
noma?) B16-F10 5, & 270¢ tumor cell lines
Addef ARt

Mzl — 9] 25 A|EF= Fetal Bovine Serum
(FBS) 10%7} B.¢+¥l RPMI 1640 mediumeld 14
o 23] Adjuieksidon, 37°C, 5% CO,, 95% air
2 g COyincubatorolld] BleFslith. FBSE AR
A 56°CollA] 307t heat-inactivation*| %t

ME#EtY =X - Ao AMEEH= logarithmic
phaseo] 2% tumor cells?] ik AE3}7] 244
7+ Aol 75 cm® screw-capped culture flaskel] 2~
3X10° cellyml®] F5F tumor cells Wol HiUA]
ZCHSpinner culture). |ZA iRt viFne] AE
T 2407 Fol BF 0.8~1.0%10° cellsymie] &
t}, o] AXHENS AME medium©Z A5 F
FEE 1~5X10° cellym/o] HEZF 3 THRun
bottle).

NK Cell Separation-67%(20~25g 3)¥ ICR
mouseE AT BHE B A F, FoAoE uA
£ # ¥}, Rushed-ice?|ell X171 HBSS 5 mLE
Y2 60 mm petri dishol &7 & 2A Fo &
A3t FR{AE ThE, v & s #ol g ACK
buffer 5 mLE 7}5}] RBCZS AA%) 500g0i4]
2057F Y4AE8k washingdle] BIAAIE AgNS
ttEo] PBSE Y%t 3Tt HEE Z2EsIT) o]
ZAE dERE Q7F Y- ficoll isopaqueE ©]
8319 lymphocyteE #2313, ©13& WAl T cell
24 nylon wool column®® T lymphocytes +
g3t} olgA Eel¥ T lymphocyted] HEE 8%
107 celymLE 228} percolld] B4 UE TS
o] &3le} NK celles Estth of W T lymp-
hocyte B2 Ap2AQ aggregations 7] 3l
Ao 4AI7HEE 4°CE FAIAACE gt} Percoll®]
B4 e Fuli= 100% percolle 10%-FBSE X
8+sk RPMI 1640 wiX|Z 22+ 70, 65, 60, 57.5,
55, 50%= 3%t} 3]M% percoll 992 15 mL
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LEXP HH(19, 23, 26G needle)
| Elimination of RBC by ACK buffer

I Suspension of spleenocytesl

i

[ Separation of Lymphocytes |

IFicoll isopaquel 55
lwhite buffy layer& &

| Elimination of macrophages ‘

)

[ Separation of T cells |

INylon wool column

Culture for 20hrs

l

| Separation of NK cells fraction |
= Percoll® 5% B=HI0G A8t 22l

Scheme 1 —Separation step of NK cells form mouse
spleen.

FH 70%5 AY HA Y3z AA] gETh
olmjf 50% &fo] AA HAFel 2A #rh Nylon
woole BHA7] AERS BA& UT 7H] AL ¢
Fo AmAl Wi 550gel4 3083 AAEE @
NK cell® 7 WA(55%) T3 Al HA(57.5%) Sl
FHalEz O FES Al ok of7]¢) wixjE
71510 200g04 107 Y4E-2]38t3 resuspension
Alzich

O|RE ke FEE FAsl] Aol AL
(Scheme 1).

NK cell Antitumor Activity —ICR mouse]
spleen® 2 HEl Qo] 71&3 WHOoZ NK cellE F
Z3l] A3k =2 3Xsta FHAE AXEE 9%
well plateo] welld 1x10°709) cells ¥& ¥ <&
< =72 D-PBS buffer, 48+ 1, 10, 100
pg/mLe] T2 FoJ519 o, positive controlE+
IL-27} 1000 UmL7t H=F X33i) o2&
effector cellZ A3t ©]&lA] A2l NK cellw
target cell?l Yac-19] B[-&-E 20:10] HES 3195l
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ojd Yac-12 vlg] 8lUsle] log phased] E2% A
< ARgsidnt. o] o Z} welld] F B35 200 uL
2 3t} o)AE 7 2047 5 CO, incubator
oA wjokst o MTT assay® NK celld) €4S
433t

MTT Assay - MTT assay= HX2 A& T,
A, B 52 Y & e Aer An
7} Hojuba Aol 7Fssh Bg & Qs Mz 23
Aotk 10 o] BAHE wgae] 84 7)A
MTT(3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl  tetrazo-
lium bromideys X¥44¢] v|8/4Ql Formosan &
Az WA 7 e AoRlE AES mitochon-
dria dehydrogenase®] 5%-& o]&38h Bo|t}, A=
formazan®] %& AoRQlE A|E el wl g}
MTTE ¢ Z3l= *[H]-thymidine uptake 21
o 8 Al FYsE MTT #4482 #3h=
3FA] eEARE 3] ARl A|lE9) &l B3] F
gsitt. BT o] HAHE T NX 848 7
Bake HoE A 5= ek o) 7l%e mul-
tiwell scanning spectrophotometer(microELISA rea-
denE AREE A5 vilg- AEstAl B %9 AEE
AHelgd 2 Qo).

MTT ¥4 w9 Ha £58 SAgoeH
MNEEYE A3 ot vel= AMeE 4 Sk
o ME A9 F S ulwslr] Y o e
BEE AoQlE AR 22 JE Y MIT
formazan®] 530 % 7ls3ict,

Inhibitory effects on Melanoma metastasis
- C57BL/6 mouse(5weeks, )2 2+ A¥TF F 57}
s sl o)AAId A¥EQ! B16-F10 mouse
melanoma cell& log phase® Hjeksle] o] 4317
36~48A1ZF Aol AZ wigA L AZE wix| e}
L:1(volume:volume)Z THEo] AE] A4S A3}
AZh. o)2A) C57BL/6 mouse= weights =3
sto] 7153tn HA3le B16-F10& PBS §9lo=z
G L E 3F4ste] 5X10° celly/mouseS
C57BL/6 mouse(5weeks, &)9] o]2H-¢jel o &z
shdvletol] injectiondte] ©]2E3lch o]sh= AR
9 F F¥E 002 m7}t HES 2883t HIE
£ ol% & htete]] Foke] 2717t 7~8 mm(EF
18~209 &7t H3le o 5SS Hddy 70%
EtOH £02 AlA Ee A¥E AFh o] & &

< EAFAR digleH, gz D-PBS buffers
0.1 mL o353 A% 47} 1, 5, 10 mgkgs
2M3 AL E 33 FofEgin). e 2 0.1
mle] EHEE st v ks §of 38 &
mouse®] FAE SAg T FHE FARI HE F
Z 3jof Hof dol=o} el 9 colonyd] 5
27315t

SAXE -A8 A FFd Ao g
standard error& g ARSI, HERTHY zolS
student T-testg AM3l AE HF3IH o, pak
°] 0.05 T2kl wj FAR R FoAo] Q= Ao
Wit

dEd ¥ 0E

At AREgel] Bofsh= NK celk tumor cellE
APEsH= immunosurveillanced] F23& 9g-g 3p,
19849 Ortaldo®} Herbermanol] 2I31d virus ZE
Z71GAINA virus-infected celld A|AZT) T3
1989 Blanchard F°| 23} microbe] tf3t
early defense™ 7FA]1 lo] intracellular bacteriaS
8h33k= autologous monocyteZ lysis AlZITh= H
I% it} o213 NK celle] 42 early defense
2 7~104 AE Fo YEh= T cell immunity
response J7kA]2] WARRG o wj¢- Fadk TS &

B YL pedunculagin®] NK cello] =X &gk
< Yolr7] $81] NK cell®] antitumor activityS
483t

Mouse?] spleen© 2R E] NK cell& +-g8se
pedunculaging® 2zt 1, 10, 100 pg/mlLe =%
2077+ A2kl ¢J7]e] NK cells} sensitived}|
HES3H= Yacl cell¥ target cell2 20:10) EHEZ
3] 96 well plateo] 7 HlFSle]  antitumor
activitys MTT-assay WHo2 &431gct 1 A3,
10, 100 pgmlLe] S5olA thzFol Hla] 2z
2081, 24.76%2] cytotoxicity’} -S4 YA Z7Fetsd
t}. ©]= pedunculagin®] NK celldlE &Aooz o
Zg v|A antitumor activity® S73AI7ICH=s ZE 9
")3ch(Fig. 1).

Pedunculagin®] in viveolAl:= NK cellef] o]uish
FEE vAE=A GokEr] $18iA pedunculaging 7}
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Fig. 1 — Effects of pedunculagin on cytolytic activity of NK
cells in vitro. NK cells were cultured with Yac-1
target cells in the presence or absence of
pedunculagin for 20 hr at 37°C in humidified, 5%
CO, incubator. After culture, NK cytotoxicity was
evaluated using a MTT assay as described
Materials and Methods. The Effect cell : Target
cell ratio was 20:1 (**p<0.01, *p<0.05)

ul

Pedunculagin (mg/kg)

Fig. 2 — Enhancement of NK cytotoxicity in mice treated
with pedunculagin. To examine NK activity in
vivo, various concentrations of pedunculagin were
injected ip.. After 20 hrs later, NK cells were
isolated from spleen and used to determine NK
cytotoxicity. The Effect cell : Target cell ratio was
20:1 (**p<0.01, *p<0.05).
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7} 1, 5, 10 mgkg®] &FoE FoJta 20/ &
o] NK celt2 #2)3}] Yac-1 cell# 20:10] HE=
3t 96 well platedl] 7 20417 1w ste]
antitumor activitys MTT-assay W22 =43}
I A% in vitrool XSt wEZIXZE 5, 10 mg/kgolA
izl vls] 22t 10.34%, 22.41%% cytotoxicity
7} 23 A S7HIIthFig. 2).

olglA] &/33}e NK cell2 3432 tumor cell
of ZESPI= ST 58 cytokineS HH[SI] T}
& AIMEE &S vFh 53] NK cele] F4]
ke Ao® 4#R IL-13 INF-Y52 macrophage
@/335}1)7]9, macrophager o]l A=5-& o} INF-
o, B 5= FHE Al NK celld E43A7I=
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Fig. 3 — Inhibition of lung metastasis in mice treated with
pedunculagin. Mice were injected s.c. with 5 X 10°
B16-F10 melanoma cells. After treatment with
pedunculagin in various doses (every 48 hr), each
group of mice was killed on day 21, and the lung
metastasis were evaluated. Suppression of meta-
stasis was detected (**p<0.01).

cytokine networkE HASH Hi= A o0Z HIL}

B A= pedunculagin®] 1EFFS AR
a3 AAeA vl Hold aHE HYLEH
pedunculagin®] F%¥2] Ho|dA| a7E HA HI)

Z o}al, moused = ol B16-F10S ©]4)3H
% el 71&%t o2 pedunculaging FEEZ
7} o 3l go24 Ho|gAHS dolHgitt.

2 A, 1 mgkgllres ¥ &7 Jeh A st
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7} 486, 52.06%2] o] Ao e UA St
d Ao vebkthFg. 3).

w91 A A a7 A4 A3 g NK cell
4 ¥ veh ks A9E Ho} pedunculagin®
B16-F109] Holg oAge sy n¥Fate] e 3
71 7| HolER] Es FoEM guEs O
A7) Aoy wekg),
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NK cell®] antitumor activity AN in vivo}
i vitrodlA BT 840 ST JER S meta-
stasisE JAIE=tT NK celld 84 F7P} 523
& gulsl= Aoz Holr)

Melanoma®] metastasis *13] A&oM T FHAZF
B v R 1 mgkgs T Al Fe)Ado]
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