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Anticancer Effect of Activated Natural Killer Cells on Human Colorectal Tumor
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Abstract — Colorectal cancer is one of the most common alimentary malignancies. In this study, the antitumor activity of
activated human natural killer (NK) cells against human colorectal cancer was evaluated i vivo. Human NK cells are the
key contributors of innate immune response and the effective functions of these cells are enhanced by cytokines. Human
peripheral blood mononuclear cells (PBMC) were cultured with interleukin-2 (IL-2)-containing medium for 14 days and
resulted in enriched NK cell population. The resulting populations of the cells comprised 7% CD37CD4% cells, 25%
CD3"CD8* cells, 13% CD3 CD8" cells, 4% CD3*CD16/CD56™ cells, 39% CD3*CD16/CD56  cells, and 52% CD3 CD16/
CD56" cells. Tumor necrosis factor alpha (TNF-a), interferon gamma (IFN-y), IL-2, IL-4, and IL-5 transcripts of the acti-
vated NK cells were confirmed by RT-PCR. In addition, activated NK cells at doses of 2.5, 5 and 10 million cells per mouse
inhibited 10%, 34% and 47% of SW620-induced tumor growth in nude mouse xenograft assays, respectively. This study sug-
gests that NK cell-based immunotherapy may be used as an adoptive immunotherapy for colorectal cancer patients.
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71 P FAol thaslol A or AEEAE UehhAL, AZ
u7l3d A3 54 (antibody-dependent cell-mediated cytotoxicity,
ADCC), Thl-type cytokine2] 1], th2HIFE(DCs)2ke] A5 =}
S} 32 vkt iAYUZF o R FE P Ak AAaleiAE
(NK celly’} &3}, o] perforin 2 granzyme 72 Al
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ol oA A E dgste] &3t A E FAATI AL, A1
Sf|M3Ee] 232} wiZllE normal MHC class 1 '&&sit}, E4ds)
FEAEE = natural cytotoxicity receptors®NCRs)2} NKG2D
7h 2k, A A2 B ERIER AR o] AlESA e
thell 78S o] FrhM0 AAsH ] e HRAow b
< T MHC class 1 &4+2] ddsh= Fol| st nx W
Ax gy oo AR 7FeAE Rk

o] AFE Fslo] Azt Al tist EdskE KA M E
s gs Agelth 8= IL-2E ©]€-35k°] human
peripheral blood mononuclear cells 4] ex vivo expansion=
Eall AAMBNAEE AIE 75 S7HA713L, phenotypes A%
A ©™nude mouse xenograft modelS ©]-4-3l] NKMS] &
WeEe Frkeklrh.
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SW620(ATCC # CCL-227)H¥+= 51418 F7MARE HAd o=
2E 285 o] g% colorectal adenocarcinoma cell£, 10%
fetal bovine serum, 100 U/m/ penicillin, 100 mg/m/ strepto-
mycin(Invitrogen, CA, USA)E -3+ RPMI-1640 medium©]|
A ljeslelth. NKAHIES] S-35-2 747335t X edxfe] dxdd o
A 3E (peripheral mononuclear cells, PBMC)Z 7Hzo %t} |
ARl Al= AP ZREst A et 2ot Qs solg ARl
-, heparin?} 7 40 m/®] NS AFHSIGITE T T
MEZE buffy coatsE 233t 317] W&ol Ficoll-Hypaque
density centrifugatiomt-2]3 2} PBSE o|-g3lo] A=skaict. Al
2 3 5% human serum(Biowhittaker-Cambrex, Walkersville,
MD)7} 349 Lymphomedia® 1x10° cellym/= €191 o,
17d3}A171 anti-CD3 antibody(OKT-3 10 ng/m/; BD Pharmingen,
NJ, USA)®} recombinant human IL-2(Proleukin 500 U/ml,
Chiron, Emeryville, CA, USA) &7 52 <1 ujokaict. 52
HjoF 3 OKT-35- &3t ulix|E W2]az, rhIL-2(500 U/ml)2} 5%
human serume] H+¥ A2 viXZ wAIE ¥, rhil-27} 3hi-
¥ AR v v wiekd Rgsiel =k wlik ] St Al
= oF 1x10° cells/mmE: 4815 i}, ]9} -2 njok 3}

g Bl R ML) PEBE 142 Wik F 7392 AT,

QIZF&FAIQ1 anti-CD3-FITC/CD16+CD56-PE, anti-CD4-FITC/
CD8-PE/CD3-PerCP(BD Biosciences, CA, USA)E ©]-&-3}%
enriched NKAIZ2] E8%-& P48t oF 1x10°cellsE 1%
bovine serum albumin(BSA)E- 3715+ PBS/BSA buffer® 3Hi
AH & &, PBS/BSA buffer 100 pietel] FEAIZLE o015 A
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ol FAE H I F 4°Collx] 208 F<F ¥ESAIZ §, PBSE 2
W A28k 400 po] PBSE thA| EEA]A FACSCanto flow
cytometer(BD Biosciences, CA, USA)ZE =74 3}%] WinMDI
statistical software(Scripps, La Jolla, CA, USA)E o]&3}o] &
A3 th NKM2] A=%E2 FACSCanto flow cytometer(BD
Biosciences, CA, USA)S %3l 793}, Propidium iodide(PI,
1ugmhE o]&3lo] AES 1087 A3 2, PI positive

AEE F2 AER skl

RNAZZ| ¥ RT-PCRO|| 2|5t mRNA &=

RT-PCR(Reverse transcriptase-polymerase chain reaction)
o] AFollA ARE-EIE E4d3lE NKMQ) cytokine ¥HélS
2235171 ¢l FskSI ). M3+ phytohemagglutinin(PHA;
3pug/miel 0, 0.3, 1, 5A17F =2 A171 5, TRIZOL™ reagent
(Molecular Research Center, Cincinnaati, OH, USA)E- o]-&3}
o total RNAE FE3F3it dojdll total RNA: AccuPower
RT PreMix PCR kit(Bioneer, Daegeon, Korea)S ©|-8-3}¢]
chain

flo

semiquantitative
reaction(RT-PCR)Z 2135} %it}h. RT-PCRYHES A& ¢DNA
1WE template® 3}od, 94°Col A4 30% W ~J(denaturation),
54°Col| A (IL-2, 1L-4, IL-5, and B-actin) = 57°C(TNF-o. and
IFN-p)°| 430% ©]d ¥ (annealing), 72°ColA] 30% A%
(extension)] IO ZE o]FoIX] = WKo|ES 303 HEE =345}
%tH(Applied Biosystems, Foster City, CA, USA).

PCRuES-ll AH8-% primer®] §71ME3} T34z A7]=
hIL-2, sense 5-AACAGTGCACCTACTTCAAG-3', antisense
5'-GTTGAGATGATGCTTTGACA-3', 398 bp; hIL-4, sense 5'-
TCTCACCTCCCAACTGCTTCC-3!, antisense 5-CGTTTCA-
GGAATCGGATCAGC-3', 321 bp; hIL-5, sense 5-TGCCTAC-
GTGTATGCCATCCC-3, antisense 5-CTTGGCCCTCATTCT-
CACTGC-3', 438 bp; hTNF-a, sense 5-GAGTGACAAGCCT-
GTAGCCCATGTTGTAGCA-3!, antisense 5-GGCAATGATC-
CCAAAGTAGACCTGCCCAGACT-3, 445bp; hIFN-y, sense
5'-GCATCGTTTTGGGTTCTCTTGGCTGTTACTGC-3',
antisense 5-CTCCTTTTTCGCTTC CCTGTTTTAGCTGCT-
GG-3', 427 bp; hb-actin, sense 5-GGGTCAGAAGGA TTCC-
TATG-3', antisense 5-GGTCTCAAACATGATCTGGG-3', 238
bp®|t}. Human B-actin> cDNA 343 9] vz (control) ©.F 4]
PCRS Xa&}lt}t. 2% PCR AHES 1% agarose gelollx] A
719%-< slo] BABIIT,

reverse transcription-polymerase

Nude mouse xenograft &4
Human tumor xenograft 23S $J3ll SLC Japan, Incoll*] A
AF#l Specific pathogen-free female BALB/c-nu/nu mice(nude
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mice)E ARESIATE Mice: (6~8 weeks old) E5tiehn 28]
FEATAQAE L] SPRAECIN 179 B =3I § X138
atleh A8 D day) SW6205 2x10° cells/mouse?] &

2 nude mice®l] 33} 0]2J31A Tk, NKMS 15:-d o) $HHA (day
0, 7, 14) 2.5, 5, 10x10°% cells/mouse® F= FoI&}gich. %A
%72 Adriamycin(ADR; Sigma-Aldrich, St. Louis, USA)%
i 134 % 33] Foisl3ict Tumor volume 7} (mm) XAl
2 (mm)x30](mm)2%2 S8t HEUL16 day)ell F%e &
g3t § FAE ST NKMe] 545 gRlalr] 9]ato]

nude mouse?] HEHI}=Z Z4s)ict.1?

EEM W SAXE

In vivo AYA= A% & 9vlE] mices 43100, in
vitro A= three samples®] mean values® UERASITH 235
HAXHSD) S} p-values:= Student's t-test 2 ANOVA(GraphPad
Prism, GraphPad Software, CA, USAYE A1g510] Al&aigict )
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Fig. 1 - The phenotypic characterization of the activated NK cells,
which was used in nude mouse xenograft assay. Human
PBMCs were cultured in the presence of IL-2 for 14 days
and the resulting NK cell populations were stained with
human antibodies, such as anti-CD3-FITC/CD16+CD56-
PE (A) and anti-CD4-FITC/CD8-PE/CD3-PerCP (B, C, and
D), followed with FACS analysis.

A= Zlow eIt A, IL-25 §Htshe v oA
149 wieF 5, 5ulf o] de] WAL F7P) vERstTE, wiekst
M|3EZ fluorescence-activated cell sorting(FACS) #4718 43
sto] NKMe] %3S &<lakivh. NKM2 7% CD3"CD4"
cells, 25% CD3*CD8" cells, 13% CD3CD8" cells, 4%
CD3"CD16/CD56" cells, 39% CD3"CD16/CD56 cells, 52%
CD3CD16/CD56* cells® T4 % o] AAThFig. 1). Fresh
PBMC ¢] CD3'CD56" cells> X5 15% vIvto]=ut, 1L-29} 3
7 142 vjokst Solli= 73%% Z7 1 oi-Ee] NKM CD3
CD16/CD56", CD3*CD16/CD56 cells®. & 7]2] CD3*CD16/
CD56" cells& oF3ITt &, NKME QoA == NK

=
celle] @4 54S kst Slqlch

Activated human NK celNKM)| cytokine transcript
|

Fo]dk NKMS human TNF-a, INFy, IL-2, IL4, IL-59]
mRNA transcript level 2] #41-& $]3l PHA-stimulated -2
unstimulated NK cellse|A] F&3tF total RNAE ©] &3}
semiquantitative RT-PCRE A| 3}/ t}. Normal NK cellsel| 4]
] IL-2, IL-4, IL-5 transcriptsi= 7] 48 5 §IAA| 0
PHA®| =% NK cells?lX= @A F718FT). A9,
normal NK cells¥} PHA-stimulated NK cells®l 4] 2] TNF-o,
INF-y transcriptsS '#& 33l th(Fig. 2). INFy, TNF-a 22

+PHA (ugml) 0 0.3 1 3

IL-2

TNF-o

IFN-y

B-actin

Fig. 2 - Cytokine expression of the activated NK cells. The
activated NK cells were stimulated with 0, 0.3, 1 ug /m/ of
phytohemagglutinin (PHA) for 5h. Human TNF-o, INF-y,
IL-2, IL-4, and IL-5 gene expression levels were analyzed
by semiquentitative RT-PCR.
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Thl-type cytokines> % activated NK cellsel] 4] §A+g o},

activated NK cells&

moleculesS

NK cell®| In vivo antitumor 1}

Nude mouse xenograft #2418 $3lo] NKMS] etavs 7

A

W3t perforin, granzyme B 72 cytolytic
W3S g¢15l90tH(data was not shown).
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Fig. 3 — Inhibition of SW620-induced tumor growth by activated NK cells in nude mouse xenograft models. Nude mice (#=9) were implanted
subcutaneously with two million SW620 cancer cells. The activated NK cells at doses from 2.5 to 10 million cells per mouse were
injected intravenously once a week. Adriamycin (ADR) was injected intravenously at 2 mg/kg. Tumor volumes were estimated by the
formula: length (mm)Xwidth (mm)Xxheight (mm)/2. Statistical significance was determined using the Student's /-test versus PBS-
treated control group (*<0.05, ***»<0.001) (A). On day 16, the mice were sacrificed and the tumor weights were measured (B).
Representative photographs are shown (C). Statistical significance was determined using the Student's /-test versus PBS-treated
control group (**»<0.01). The body weights of the tumor-bearing nude mice were measured to estimate toxicity (D).
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FAFEII O™, in vivo TG A7F 10%, 34%, 4T%= A
313ich. Adriamycin(ADR)E= 9tz o & ARgslglon, o)
T SW620 F33el 7t AAleeS A%t

#HEFA (16l nude mouseclH TS wElg & FAE =
7Jalo] SW620 Fel st NKMe] 432 F831%lch(Fig. 3B

and C). SW620 FF2] FA= ¢ 164 ¥ 429 mgl & 74
7} Z7¥eFAt. NKMS 5x10° cells/mouse Fol ol A= 25%
o] T4 A A E, S 10x10° cells/mouse FoI-ollA]
T 44%2) FF 737 A ZE JERSith T e w
ARESE ADR Folioll M 52%2] 4% 4374 oAl avks el
yiict.

A 02 NKM Folrolld 109~112%2] Ass71HE B
om, o]= NKMe] A5l nx]= FaFo] §lal 540] gls=
AAFsHEKFig, 3D).

1 AgeaE A ARAEAES] Q1% AXHSW620)°ll
)&k ol E = nude mouse xenograft modelS ©]-&3to] A
SOt G4 AAMEAES] S ERIs] flale] 169 5
¢t nude mouse?] AFH3}te} WFH3E Pl F-AEH ol
2] EAo] 9132 AS3Itt. Nude mouseol] ©]21%E SW620
Al TAANE] StoR BT ARSI oM 16 A7H]
TES S Bolvh HEL TS LEle & AE 54
& A3 NKM2 2.5, 5, 10x10° cells/mouse Fo1°l 2]3110%,
34%, 47%2) EXFIE AAE SR ol gt Ay &
’d ARSI A7 A (SW620)0l tist Sta ot 9l
o ERIsIGI o, fFagEelr 54d0] Sles AEst] A2
AAEH 0 72| ks dE AT
AZeHColon cancer)S AFde] o]23= thEZl¢l 9Fo g Wl
4 FEoE deAglem, Ak 7E AR vt
stelero] gloit o] xgHel mhE AEEL B4 P 5
flurouracil-based regimens U} irinotecan 7+ A|E-8- E21S- o]

s

g oo

8-3lo] 21883= Adjuvant systemic chemotherapy:= 1. ]3¢
A A YELS WAL J)o)w el
Ao A 9219 10d F AYEEE 60%el Z3}sic).
wEbA, et et iS diAE B gl Xjgo] 4
ek =

Ak FAARE, FF Weste] digh A7 Eds] o] FolRl

. 2% mechanism:> 274} 10 vk cellular B
immune responses®ll THall TFH3IFATE AA, B2 FUF AE
S-2 human leucocyte antigen(HLA) class I 432 #3514
U aA)1717] wiZell cytotoxic T lymphocyte(CTL)O] E Q=
1= peptideZ AAEHA] Saf Tt AslA] F3L EA,

umoral

ZA7tol| A peptide transporting molecules(TAP)2] WAjo] 3
ZE o, o]= T cell epitope} 2} #]|¥ cellular immunity <]
AR ZeEdckar Rl A, Aol 71E S}
o) ok Ao A 9] FasLHEo] wr} v Wit T2
oM FasLo] Fas(Apo-1/CD95)0] Agsh= 71 &3} ¢
THI3E2] apoptotic cell deaths oF7]3tc}, YA, 274 ghjol
AlA] peripheral blood lymphocyte®} T cell infiltrates(TIL)2]
T A 58A412) CD3 zeta chain®] & 7} SHE Ak

HOAM|Lo]| 7] %38t oF X FHL ex vivo ELE L s ©
HAAE o]2)8 F3t Zolrt. uld] A3 (dendritic cell), AFA%F
SHE, FETRJAEA ASHELLAK cell), AT F5 4
A E(CIK cell), AIE5A TAH¥E(cytotoxic T cell)2} 122
oM 3= oFo]] )3t active immunotherapy® 7% ¢tk 20
3}A]9E, DC therapy: ©]21% 2] A7} activate effector T
cells2 2] W3l7} o] 1 3lstargel e wE oA
CTL therapy+= MHC-restricted mechanism, tumor-associated
antigen®] ©}A), tumor-specific CTLS] 212 o] o5 #J3ject.0
Solid tumorsel] the NK2} LAK cell therapy?] &5 cancer
cellel] thel #stel AESA 23S vehiehY

NK cell activity’} Soha ooz wbdaly) 4190 32 olsia}
] NK cell activityr= 7173+ Aol vl @Ak sk}
NK cell infiltration<> gastric carcinoma, squamous cell lung
carcinoma, colorectal cancer =2 W2 9| o} FFolA] positive
prognostic parameter® ©]-4-E}35%) A}l human malignant
cellse human NK cells 501 3 k35| AL} Ho)7} oAE o]z
t}= 7212 severe combined immunodeficiency(SCID) mouse
model B3t A3 0w Fallrt. ¥ o)2)3t A¥r} tumor
Immunosurveillance 2FNK cell®] Immunotherapy strategies =
9] 7Fs/3& AASIET

ZolAd Al ol thet autologous NK cells = ©]-83F %
AR A mEst FFEsHE WERITE Brain tumorel 4
T A FAHQ A7 JFo] BuHGTE o9} with =,
autologous NK cell®] adoptive transfer& s> A|gH2lo)ela s
RN =

Solid tumorsel] Th3+ NK cells X5 &31= Aol AMgah=
NK cellell w2} ohe 558 UERI) o= I 8AINK cells &
T3] wiFel] ofHrhs s oJujgitt. whebA, ks 9k
AIE A& 5 A9 28421 NK cell expansion *H A
T} el HE, GMP 243l IL-29F 37 ex vivooll A<
NK cell expansion®] F8=0m o]F F3l A|F=h= activated
NK cells& thal @302 ARgE|o]A] a1 Q.24

NK cell?] 3otase ofoFst 79 55 E3lA F9H=EA
ko 149y A A H e ok ex vive

expanded human NK cellsS 17 548 =% o4& ¥ oz}
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Thl-type cytokines(e.g., IFN-y and TNF-o)= Tt} A4ksi,
LAK cells f H]s}o] 108 o]/doll E38li= cytotoxic activity$}
absolute numberZ VFEFHTE whebA], o)A AdubH I} v
slo], w2 AAE s 7gE & wk s

B AFoa= 249§ nude mouse xenograft Kol g
AJ3te NK cell®] days #2390, NK cell im-
munotherapy 7Fs/d< 8313ith. Human PBMCE IL-27} &
5 iFel 142 wioFelo 24 CD3CD56" &S LEh)
= NK cellZ =AY, mouse xenograft model & ©] &3
NKMe] AAre] et shota sl ok 3 Aol x|22 0|3t
cell immunotherapy® 7}s/dS 5433tk
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