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We previously reported that oral administration of NK-4, a criptocyanine dye, enhances interleukin (IL)-12-depend-
ent interferon (IFN)-y production by lipopolysaccharide (LPS)-stimulated mouse splenocytes. These findings raised a
possibility that NK-4 potentiated IFN-y production by T cells, natural killer (NK) cells or natural killer T (NKT) cells in
response to IL-12 produced by macrophage and dendritic cells. To explore this possibility, we first analyzed percentages
of T, NK or NKT cells in splenocytes of mice that were administered NK-4 orally for three days. The percentage of NKT
cells in splenocytes from NK-4-treated mice was significantly (p<{0.05) increased compared to vehicle-treated mice.
When splenocytes were stimulated with o-galactosylceramide (o-GalCer), an NKT cell ligand, IFN-y production by
splenocytes from NK-4-treated mice tended to increase, while no difference in the IL-4 production and proliferation were
observed between the vehicle- and NK-4-treated mice. When IFN-y/1L-4 ratios were calculated in individual mice, the
ratios were significantly (p<{0.05) elevated in NK-4-treated mice. Furthermore, IL-12 production by a-GalCer-stimulat-
ed splenocytes from NK-4-treated mice was also significantly (p<{0.05) increased. These results suggest that oral ad-
ministration of NK-4 increases the population of type I NKT cells with potent IFN-y-producing activities. Since IL-12
and IFN-y have been shown to play important roles in anti-tumor immunity as well as in the defence against bacterial in-
fection, our results further imply that NK-4 may provide a potential therapeutic tool in cancer immunotherapy.
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/CD3 & RIZ & 0 FiJE $#2 7~ il il © Major Histo-
compatibility Complex (MHC) 7 S X Il 531 & &
BRI NZPURRTF R 28T % O L1
(12, NKT #iff Val4Vps (b b Tl Va24Vp11)
/CD3 EEHIZK D FiEFEERMALD CD1d 43 F I/
BLEAT ¢ > dFENEHE CdH 5 a-galactosylcer-
amide (o-GalCer) %38 L TIEMHEILT 2. 19 1§H1L
9 % & interferon (IFN) -y < interleukin (IL) -4,
IL-1072 EDOY A b A > 2R ITHEET 2D &
IZE-TC, B RE, BN, BonE, 7L
F—/REITHBNT, REHIEMED > NBRE U TESE
IBHREEFET D S Wb TWa, NKT fMificix
WSDNDOT Tty EBHISNTHD, FFICHHT
%5 TCRa$HDEWVWIZE ST, L OH—D o
(X7 ATl Valdlal8, b N Tid Va24Jal8) %%
BLU, RICHEREZRET S typel &, ZHR
TCR %A U 5% 2 Jii 9% type II @ 2 FEAIC
T 5N %, Type I NKT i, AR a7 R
g CD1d 43 Fiz & o TR I Nz a-GalCer A
KO BEEE & D5 &I NZ, CD40/CD40 ligand
(L) HAEERIZX> THEMEILEN, IFN-y ZEL
5. Z D CD40-CD4OL A {Ef & IFN-y 12 & 5
TRMATSBHRMAI AL U, PUESEE 26T
LZHMERTTHD IL-12DFEAEZNLT, IHIC
type I NKT #iia7y 5 D IFN-y pE/E AR S/ 5,19
Z @ IL-12 % IFN-y % NK #ifig<> CD8* T #lifiz,
o007y —TEREHAL, HEREIERZRET
%. E/=, toll-like receptor (TLR) UK > R Z
NoYA MA VEEAZBERIELEDBNDNTY
2.

DNHONIINETIZ, T RENBETH
% NK-4 (4,4"- {3- [2 (1-ethyl-4- (1-H) quinolylidene)
ethylidene ] } propenylene [ bis ( 1-ethyl quinolinium
iodide) ]) ZROK G L /=~ 2 O EME %
lipopolysaccharide (LPS) THI T % &, IL-12 jE
A& U7z IFN-y AR IND Z &2 HEL
2190 2D EMMS, NK-41Z~xro7y — oo
Wil » s EA I NS IL-12 ITin% L T IFN-y %
PEAET S T Mifid, NK g K O NKT # i & O
IL-12 % —7% v Miid 2 3& ML L T % nlgEdE A
ZAb6N. I ThhibE, ZORHEEIIDNn
TR 5720, BRI NK-4 2 O%5 L2 Y
Z A e H D T, NK & 2 Wik NKT i il o k=R

ZDOWTHET L=, T OHR, NK-4 OfRFO#EIC
KU NKT fifd 0B ENERICHEML TWLHH A %
572, TS5 U7 NK4 OfEMIZIX, NKT #ifg o
THEIT type I NKT fifdMES B G L Tnwad &&
Z, NKTHilgV 7> RTHh S a-GalCer & HHNT X
512 NKT Ml OIEMELAERIZ D W TRRE L 2.

M LB K

1. &5 NK-4 (4,4"- {3-[2 (1-ethyl-4- (1-H)
quinolylidene) ethylidene] } propenylene [bis (1-ethyl
quinolinium iodide)], Fig. 1) 1%, #FRE LML
W25FF (Okayama, Japan) IZBWTEHKLEZDHOD
RERETFT N TLAIZED 200 EHER (w/w) L7z
bozMn, DUMERREIL NK4 S0 DRE
THLL .

2. BIRURE  CSTBL/NYT R (AR)
1ZHATF v —)L A1 /)N— (Kanagawa, Japan) XV
5EETCHEAL 6 il THH L7z, a-galactosylcer-
amide (o-GalCer; KRN7000, Funakoshi, Japan),
lipopolysaccharide (LPS, Difco, Detroit, MI, USA),
fluorescein isothiocyanate (FITC) -\ A% —
Hi<™W X T cell receptor B chain (TCRp) ¥ifk
(PharMingen, CA, USA), EFF I fE#H-~< U ZAH
< A NKI1.1 §if& (PharMingen), FITC f& -\
LA Z —Hi < A CDIllc $fifk (Miltenyi Biotec,
Auburn, CA, USA), phycoerythrin (PE) f&3-2Z k
L' 7 7 EY > (PharMingen), v hHix ™ R
CD16/CD32 §ifk (Fc Block®, PharMingen) &
Rtz AL 7z,

3. NKA4D&KE5  HYERITBNTIE, B

Fig. 1. Chemical Structure of NK-4 (4,4"-{3-[2 (1-ethyl-4-(1-
H) quinolylidene ) ethylidene ] } propenylene [ bis ( 1-ethyl-
quinoliniumiodide) ])
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JR A WA AR SE e B F AR BHITIE W EE L 7=,
NK-4 |3 AEE B /KIZE D 100 ug/ml & 5 Wi 300
pug/ml IZVEMRL, U ZXDOEKEIZH L 1 mg/kg H
W0 3mg/kg 27 25 THRAITHEEG L. 1
H 1\, 3 HEEG&%G U728 HICEEZEREL,
M O ER AL, o> bo—)LEEEL
T, FBEICHTLUZERET N D LABRE RS
L7,

4. YA P4 EERR NKA4zZzHG5LE
BERUANGMIEZRT L, Mgz Ekz sl
7o BMREOKE T, MU AT ' D L
(ACT) {A#k (pH7.6) TS5 /pMEEL, JRifnEkz
RSB, 10% fetal bovine serum (FBS) &
10 mM HEPES % & & PRMI-1640 5% Hi T ¥ % L
Fo. RIEEHIC R D MEEE 2 OREICEREL, BRI
Mz,

MR AL 5 X108 f@ /ml & 7= 10 5 ug/ml LPS & %
iZ 100 ng/ml o-GalCer Hli# ~, 37°C, 5% CO, B
B CHEELL.

LPS #lJic & 5B, bbb o LiaiO#HE
BT B HEOITHE, R E 72 K& U
7z. E£7, a-GalCer fll3 L 7= il fd 7 5 D IFN-y
MM IL-4 FEARLS, RIiE 48 I TR & 72 %
N, FNITHSNL S T, 18 HEf, 5 24 BRI
IL-12 EAENRKIZRAD ENWbNTWS, LR
> TC, KRS 18 KEfE, 48 KifE, H2 W0
72 BRI B AR RN, BEHROEREY A b
A &%, BERY > RY 1 v F enzyme linked
immunosorbent assay (ELISA) 12X DHIEL 7=,

% ByERINE OMEIZ DWW TIL, alamarBlue®
(TREK DIAGONOSTIC SYSTEMS, Cleave Land,
OH, USA) ZiHINL 7= 85Hic K 0 —@ERsfaE & L,
FEOHNEEEREL, MidOMEECE A 5%
TR L7z,

5. 78—H 4 FA—%—(C&D NKTfliIl2R
U, BERMERRO®BEYT MHRIE S Y bR
CD16/CD32 ifk % b & & 7= 1%, NKT #ifd D fig
T DWW T FITC £E&-$1 TCRA Hilk O EF F
CREE-PUNKLL iR &E RS, & 512 PE %
ZRVTRTED RSS2, BRI O T
IZDWTIE, FITC -5t CDllc ik & SR S &
7z, RIREOKIB T TV, & OGO 7 12 1R i
% 0.5% BSA 253 PBS T2 mk#H Lz, Ratd

DOREHIMIE EPICS XL system II 7O —H 1 k A —
4 — (Beckman Coulter Electronics Inc., Hialeah,
FL, USA) XD 4#iL 7=,

6. BEERE T3 FHEELSD. TR
U, 2HMOFHIEO T ¢ BEIZ KD Vehicle
BICHT2HEEEZZBRE L. 3HMEOFEEHEDLL
B, —ImEE T EITY, ARENZED SN
2B A1 Turkey REIC K DL EHE #7577, W
T p<0.05 2HEEDHD &L

& R
1. LPS 3% C57BL/6N <~ ™7 X & #HA2 D IFN-y
EA(CX$ 5 NK-4 DEA C57BL/6N < ™7 Z %

FHT3I12dh/=> T, BALB/c ¥ X & L /=i
1O & [AFRIC NK-4 2R 0% 5L 72~ o 2 OB
flidz LPS THII T % Z & T, IFN-y EEA DTSR
HANED N2 NEN DR ZTT> 2. C57BL/6N
X AWK LT, NK4 % 1 mg/kg 5T 3mg/
kg T3 HE®RO#KEL, HHMMEZFHELZ, 5
ug/ml LPS 727 F T 72 Bk & L, EEHh o
IFN-y &% ELISA IT X D #ll%E L /=. Figure 2 IZ1%
NK-4 1 mg/kg $% 5% & vehicle % 5-# & O [b#z %
RUZ=AY, vehicle BEELb# L T, NK-4 %58 TH
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Fig. 2. Effect of NK-4 on the IFN-y Production by LPS-
stimulated Splenocytes

Splenocytes obtained from vehicle- or NK-4-administered mice were
stimulated with LPS at 5 ug/ml for 72 h. Culture supernatants were collected
and IFN-y levels were determined by specific sandwich ELISA. The data
show the result of one representative experiment of two similar experiments.
A statistically significant difference (p< 0.05) in the IFN-y levels between ve-
hicle- and NK-4-administered groups was observed.
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B (p<0.05) ITIFN-y BEABENTLEL Tz, 1
mg/kg % G5H# & 3 mg/keg B GHOB TIIHAELE
BN 20, UFOERKIT 1 mg/kg
THEEL =

2. Y REHGO NKT #ilEOE|&(CX T S
NK-4 O{EH C57BL/6N < 7 A2kt L T NK-4
3 HEROBE L, % HEMEH O NKT Hif,
NK #ifa kO T fifl o F & 2, Hi NK1.1 HiE KR
Pt TCRP Ptk % W THENT L 7z, Vehicle # Tl
2 H1F % NK1.1TTCRA™ fifid (NKT #ifa) OE|
BN 2.97£0.26% TH o DT L, NK-4 %58
TIX3.37£0.29% EHEICERL T (p<0.05,
Fig. 3). —J, NKI1.1"TCRA™ fffifld (NK #ifi) K
O NK1.1-TCRA* #ifid (T #ife) 1THERZEIX
oY AWAN oY

3. o-GalCer R FHMAZD Thl/Th2 4 b H A
CEEICKHT D NKADER YU AKXDERBEL
7= Z 100 ng/ml o-GalCer f71F F T 48 i[5
#L, LE#EH o IFN-y Ifi Nz IL-4 2 ELISA 1T &
DPIE L. ZORE, NK-4 % 5% T IFN-y O
A X N B A [p=0.182, Fig. 4(B)] ZdH >
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Fig. 3.

7. TOLE, IL4 EAZIZERZANRN D
[Fig. 4(C)]. #EMKICHBWT, IFN-y AR &
IL-4 pEABEOE (IFN-y/IL-4 ) Z8EH U724
B, NKAEREBHIIBWTIEAE (p<0.01) I
IFN-y/IL-4 tb 3 <, NK-4 OfO#%512X0,
GalCer D #I|# T IL-4 X 0 & IFN-y (EERED @ W
NKT flifamnsgmL Tnad Z AR iz [Fig. 4
(D)]. 7538, WMIEOMWIEIZEZIIASNRN > T
[Fig. 4(A)].

4. o-GalCer RIF MDD IL-12 ELE(CKH T B
NK-4 OfEFl NKT fMifigs 5 @ IFN-y £ I 5
3.5 T, NKT iZ a-GalCer % 2R3 5 BRI 5
DIL-REENKLIDENDRTWS, 4,
NK-4 5 < 7 Z#l il %2 o-GalCer H# 9 2% Z &
IZRD, IFN-y EADOAPEMT 2 EHANICH > 72 2
Ens, IL-12 0ENEZ SN, £I T,
GalCer 4 T T, R&EMGNS 18 RfEICH
% EEROIL-12 &2 0E U SR, NKA4 &5
HTHE (p<0.05) ITIL-12 EABRNENS -
(Fig. 5).
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Oral Administration of NK-4 Increases the Population of NK1.1*TCRA™ Cells in Splenocytes

NK-4 was administered orally at 1 mg/kg into C57BL/6N mice (n=6) daily for 3 days. Splenocytes were analyzed by flow cytometry. The data shows the result
of one representative experiment of four similar experiments. A statistically significant difference (p<(0.05) in the mean NK1.1*TCRp* cell percentage between ve-

hicle- and NK-4-administered groups was observed.
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Fig. 4. Effect of NK-4 on the Proliferation and Cytokine Production by a-GalCer-stimulated Splenocytes

Splenocytes obtained from vehicle- or NK-4-administered mice were stimulated with o-GalCer at 100 ng/ml for 48 h. Culture supernatants were collected and
IFN-y and IL-4 levels were determined by specific sandwich ELISAs. IFN-p/IL-4 ratios were calculated individually. Cell proliferation was assessed by adding
alamarBlue® to the culture for 1 h at 37°C and cultured supernatant were determined by fluorescence microplate reader. The data show the result of one representa-
tive experiment of four similar experiments. A statistically significant difference (p<(0.01) in the mean IFN-y/IL-4 ratio between vehicle- and NK-4-administered

groups was observed.
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Fig. 5. Effect of NK-4 on the IL-12 Production by a-GalCer-
stimulated Splenocytes

Splenocytes obtained from vehicle- or NK-4-administered mice were
stimulated with a-GalCer for 18 h. Culture supernatants were collected and
IL-12 levels were determined by specific sandwich ELISA. The data show the
result of one representative experiment of three similar experiments. A
statistically significant difference (p<{0.05) in the IL-12 levels between vehi-
cle- and NK-4-administered groups was observed.

E-1 =

bbHbUIINETIC, NK4 % Img/kg T3 H
R#& 425 L 7= BALB/c ¥ ™7 A Wlig#i i 2 LPS T
FST %2 Eick D, IFN-y BEAZEZICREET S
ZEEMEL TS, 19 FHKIZ, ZOMERITHERE
WPLIL-R2 PR 2R 5 2 ETMHISND Z &%

FLTWD, ZhH5DT ENS, NK-4 IZIEHiE
frfMieTh 07y —U0BHIRMEN S D
IL-12 FEAZBREE, 20 IL-1212X > TiEMHE
N5 T, NKHfEK O NKT i il OB hE 2 3
WY AEHEE T DuREENE A 6N £I TS
[, £ NK-412X2 2405 OMMAIEE D g
DENEITDWTHNTL /-,

NKT fifgo#pic Ui LW s B R EM
Y — N —II NKL.1HiHTH O, NKT Hifid D HhefiE
WzEBERNET2RHEDOERRIZHNT, NKI.1H
JR &3I9S CSTBL/6 R TANHNSENTWS,
LT D ik B#1® TR W7z BALB/c ¥ ™7 213, NKI.1
PURZFB L TV, 1® /=, BALB/c Y XIZ
BIFS NKT fifldad~—H—&ELTIE Lyd 7 7 3

=R ENHSNTNWBN, FEHEMES, TN
K#TH-o7-7/7=0, CSITBL/6N X7 ZI2BIT 3
NK1.1 fific KB Mat217> 2 &Lz, C57BL/
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NI Z2Z2HANBIZHz>T, NK-4 OROHEEG
IZ& D, LPS HI¥ T TR AL S @D IFN-y B A7)
TUHESIND T EDOMRZIT > I=H5 %, C57BL/6N
YU ATH BALB/c ¥ U X E[FAEDIERANED 5
nr.

NKT il il D % fidk 25 12 BV % EE 1A T 30%,
Hif T 2%, MIART 1% RKimEWbNTHO, !9 K
ICHFIECOFBENE N, L LENS, RERDE
MZH WSS & LTI, DO Ligi D#H e
ERIBRIC S MM % 2 < B ORI L T2
EEZ, £9NK4 ZKROFG L7 CSTBL/6N <
U ZRREIC B S, NKTHilORE 2L —2 3 >
7O—HA NA—F—ICX 0@ L7z SEOD
NHN DM TIZ Vehicle B~ ™7 X O HIIZ BT
% NK1.1*TCRA* NKT Hifg D EH| &3 2.97+0.26%
THoDITHL, NK-4E5R< Y XA TIE3.37+
0.29% & HE (p<0.05) IZHEINT 2 Z DR
7= (Fig.3). ZoOEx, leﬂtmrNKﬁ@
% NK1.1-TCRA" T il iC13 A B /221358
NEM-o>ZlENS, NK41 LiQ%%F&% ‘5%
BOMBERICHERERH 2R LT E0nWbNS
NKT #ifd 23 mg5EfAN D 2 EE5E 25N 5.

KIZT, NK4 52X O EZEITHEML 7= NKT
FIMNERRITIEMAL S N TN D NENEERT 5720
NKT #fl fiel 2 R BB IZHIPL T % o-GalCer F#(E T T
B~ AWM EZEEL, BEELEPOY A
KA RBZHIELE. FORE, NK4EETY
A DIEANLIZ B W TIE, IFN-y pEA 2 TS 2 6]
MEBD 5Nz [Fig. 4(B)] —H T, IL4 OE4AE
ZIXENRO 5> - [Fig. 4(C)]. W T o
GalCer T X 5 MlEFEICZ N A S NI T2
[Fig. 4(A)] Z &M, 5, IFN-y FEEADTTHEIZ LT
NKT e OBAEML 722 £I2 L BB D TIER<,
NKT #i g D&M LIC LK 2 aTREE N RB S 7.
NKT fifgicid W< Ohod 7ty RN TH
D, B9 5 TCRa$HDFEEIZ L > T ValdJals
(B NTIE Vo2d4) ZFHIT 5 typel &, ZHkz
TCRa $Z FH 9 5 type Il ® 2 FHHIT /1 51
%, ZDS5bH, type I NKT fifani3¥i 4% TCR &
CDI1d 13 a-GalCer &gV EFIEZEG L, L4 pEL
EEBITIFNy EAEZHETHENDN TS, 20
AFFRICTBNT, NKA4 ZROHFE Lz~ Z
% o-GalCer I3 % &, IL-4 XD % IFN-y pEAE

REDE W NKT #il D HERN ER T 5 Ebno
7=, TEE I BT 5 NKT fifnoaeic B L T,
type I NKT ifffiflil 13 IFN-y 2 4 %38 U T NK i il 5
CD8" T fifa DG HZEZIEEL, s 7o
77— S DN — T 4 U > % nitric oxide
(NO), Fas ligand (FasL) DPEAIC X D HifEE1EH
ELRTEEZSNTNS. 2D ZH5DOHE EAEOD
DLDNONDOERZHBETEET S L, NK4 T type
I NKT #ifa /=13 72 <, IFN-y EEAEZ N L THiE
BL7 x4 —fillzbiEHibdTs 2 &icky,
5 R IE ) &2 R S rTREME AR S N,

Type I NKT #ifaid, ARk BHRMIE &R
PR ZRF L, 72BnD CD40/CD4OL [E D AH A
TEFICEK D IFN-y ZEAET 570, ZNIZX> T
BRI S ML U, IL-12 OFEAEMNTTEIND &
& H 12 NKT # it D IL-12 receptor (IL-12R) F I
ZERIE5. 19 IL-12 133 512 NKT #ifd 2 3%
ftU, IFN-y OM¥EAZTLET D &N 5, IL-12 PE
AT IFN-y EAICKAEZEZ SN T NS, 1D &,
A D a-GalCer FIF S T T DREHE 18 KFfE 1%
2B 5 IL-12 EEAED, NKAHKGHTHERICE
BLTWEZ EMNDS, NK4BEBHIZBITS o-Gal-
Cer fIlFHIT X % IFN-y BEA TTHELL, & (L NKT #
fil & O EAERIC K D REEE L 7= BHRME 2 & ©
IL-12 FEAETIEIC K B D EEZ NS, T—FIC
IR E WA, NK-4 5L 7= CS7TBL/6N X7 AT
$MT% HENi 12 3317 2 BHR MRS D RIS R S

. BRI R IME L T b Z E DR, T
@éthAz%E$LTm5M@@%ﬁm,7%
OMHMEHTH D EEZTNS,

AR 2 F T — 5O FEHEIZIT NKT #
flOFEEDHTIEIATHT, IL-121C&K> THES
N5 Thl ¥ A 751 M1 > Tdh% IFN-y N
RInZEMETSY P aN FELTRHRETH B2
— 4, type INKT fiflar s EE I NS IL4
IL-5, IL-10 & W 7= Th2 1k Ji 1 3B i

I HIHIAIZ 8 < . 23 a-GalCer Bl U 7= AR 2 & D
IFN-y O8N IL-4 pEE BT D W T, fE{K 41T IFN-y
FEERITH T 5 IL-4 EABEDILER (IFN-p/IL-4 L)
ERMUEEZA, NKA4HGEIZBNWT, IFN-y/
IL-4 kNG EIC LR L TWiz [Fig. 4(D)]. IFN-y
EARICEERREZIASNEN>DEDHDD,
IFN-y/IL-4 HIZ B W T #E & S B (R 22 fE A3/
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<, BRWERBRTORERENRD SN &I,
ERMEICEEE S 5 &, NK-4 $ 5.8 Tl3 IL-4 PEERE
WIE b A 72— 5 T IFN-y BEARENE £ T
L52EDHEDLNTHDEEZLN. TNH D
B 5s X512, NK-4 13 type I NKT #ifig 2 3% M1k
U, BRRRIE oMbz d 2 & TIL-12 EAZIT
HEXH, X510 type I NKT #iffin 5 @ IFN-y FE4E
ZHRIE S —HT, MHERERICHUHICHEH
IL-4 ORFEAICIIEEEGATRWI LITED, HE
REREWEBI TS REEIRE N, 51, E
BT L8 Z VL 72 NK-4 12 X 2 FiEEER O
MR ZREL N EBZTNS,

a-GalCer I T AETFINIZBWT, PUEEZR
MERINTHB D, o-GalCer D Hi[A| 5 T NKT
Mgz MLz Thl ¥4 TORERIEELIEE D
I EMS, NKT il ziEH b 27201 HR)
ThdrEEZLND. LML, o-GalCer D #iE %
ETRODLAREMHENCEH Enwbh TR0,
IL-12 DEH Z BI85 2 & D TES NKA4 13,
a-GalCer 24> % NKT Hifli& (bt D 7= O H R 75
EHNELTH/ETEEBDNS. BKRIZBWT,
DA EBRE ORI @ type T NKT #ll il D 5 73 4>
LTHD,272 NKT #ifld O & FRAMEET 52 &
WHN TNV, £z, —HMONABREIIBNWTIZ
type I NKT #l fil D& (L A+ 7372728, IFN-y
EARRMMEK T L, IFN-p/IL-4 DK FNA 50
50 M5, NK-4 13, DNAEREOEERER
DOEERICHE N HER s b ulgEEBEZ 5N 5.
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