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Effective induction of tumor antigen-specific immune responses by a fucoidan-agaricus
mix feeding in peptide vaccine-treated mice

S Fw (MIVAZAKI Yoshiyuki)*
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Effective induction of tumor antigen-specific immune responses by a fucoidan-
agaricus mix feeding in peptide vaccine-treated mice
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Abstract

Fucoidan is a series of natural sulfated polysaccharides derived from brown seaweeds mainly composed of L-fucose,
and known to have several bioactivities such as anti-cancer and immunomodulatory effects. We also have found several
immune-enhancing effects in “Okinawamozuku” (Cladosiphon okamuranus)-derived fucoidan and “Mekabu”, which
is sporophyll of “Wakame”, (Undaria pinnatifida)-derived fucoidan. In this context, it was revealed in our previous
studies that a mixture of these two kinds of fucoidan and an extract from mycelia of Agaricus blazei Murill potentiated
anti-tumor immunity to reduce tumor growth in experimental model mice fed the mixture (CUA). In this study, dietary
effects of CUA on achievement of effective tumor vaccination were evaluated using Balb/c mice immunized with
a tumor antigen gp70 peptide emulsified in complete Freund's adjuvant. This procedure totally enhanced systemic
immune function because augmented NK cell activity was observed in splenocytes from the vaccinated, and especially
CUA-fed, mice. On the other hand, the gp70 peptide-stimulated IFN-y production in splenocytes from the vaccinated
mice were tended to augment by the CUA feeding. Furthermore, the CUA feeding potentiated the killing activity to
colon-26 carcinoma of draining lymph node (LN) cells from the vaccinated mice in association with increase of gp70-
specific CD8-positive T cell population. Furthermore, the expressions of MHC class II molecule (I-A/I-E) on CD11c-
positive populations and IFN-y mRNA were elevated in LN cells from the vaccinated and CUA-fed mice. These results
suggested that the CUA feeding potentially support effective induction of anti-tumor immune responses by vaccination

with tumor antigen peptides.
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! TR OB L BIRT 5 L2 51T
’_.E‘ 6 - w5,
357 %8B, WEHRTIEZ%R WS, F U Bacillus
% Bho3Ny oy, KYIFT Ly, O
ﬁ4, ) AF 2 7% EOPAENBEAHES TV B,
31 \a BHER 2, fBIEMEILEE
| | | t-PA (tissue-plasminogen activator) (%,
3 6 24 MARERHE L LTHIRTH HwbsTwn
w5 (hr) B, HEANTHLEIE L TMENE
K2 EAOVEICXNT ZHEMRE FRE 2 & Fe i S, AR M T w
P (E3),
Zohdx, MEHE (10°M# /mL) & O-157 F72, PRMERICB VT PA I ERE L

EIRALTEREL, BN LAEEBOZELE N
REEVILDTHB LY, DR, 0-157
S L )i Esl s, BEROPT

4 HiR1ZEWE L7z (B 1a,b)s
T/, BEEBEOBRERNELZLZETYE (A
pyroli) \ZxF9 A PLEIEH & R/ FEE T

MBI & ORERET, zmun@me
BR) BB ZEIRE I OB AW O AR T E )
HIER S, KRGO 107/mL 72 & B 2k
B ORI N L, 24 B DURE IR IR
LU (BHERS © # 10%mL) O BE % R
ZENbhoz Y (B®2), B, FOMSIE
AN AN F -0 ) EYYE R T L0, PIEHE
ELTHwWORTWAE XA ba=F =)L (75

TRY, MO BE) R RAR, %,
ANA VIR L ORREZEAL, B, Y -
BLE, TIUWIUNAY—IRICLESTLLEERD
ncws 8,

£1 YEIUVEE (DPA) OFRMEHE

Determined cell (ml\;l/lfm)
Saccharomyces cerevisiae Kyokai-7 0.20
Saccharomyces cerevisiae Kyokai-9 mutant 0.18
Bacillus subtilis IAM3007 0.40
Penicillium expansum IFO5453 0.80
Escherichia coli TFO3301 6.00
0O-157 FDL931 4.00

Values are determined by agar dilution method with

Yo, SREIERE) LFETH . 3% Nutrient agar plate, pH 7.0. Incubation time was

NS DOREEMIL, MEREAFEET ST Y 48ha37°C.
aYy Yk (DPA) IZEET L b 0L
2 HMN, DPA 0157 ZF THh < FSRI/—4Y —x—> FSAIy *—?ﬁf%
mé RACHIZHRRE R &

T IXRFEHE (2355 % DPA O PRI 4 EPA | e > 2E . DEER
& H7:bDTHHA, DPA HHORE I EMEROBH
B3 (Saccharomyces cerevisiae) |Zx} FyhvEF—E fgiff
LoV R E RS (MIC (A% o IV
BEEE) 1020 mg/mL), TS [iH ME AR AE ARG
BIEkELTMEEZ AL %] Evb [*ﬁmm@} AT

N cdd 2 %,

X3 tNARRTOt-PARES
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(FIEMU feo

7% B, Bk L 72 DPA IE, L% ™M A0 »
5O t-PA 12 b B 59 % ¥, HUVEC #il iz
(REH) ZHWZFERTIE, 05~ 1.0mM D
DPA {RIIIC & % t-PATETEN DR % H-D-1le-
Pro-Arg-pNA D fE CTHA 72 & T A, IHHITCHEDE
Fanz (M4,

F 72, MREEILEE L VO BIR T, MEH
PEYHTRY T IV FD—2, ENL K
73 i, ShLryy (Put), ANLIY
¥ (Spd), A3 ¥ (Spm) D3 DAH Y
AT I FHE O R LIS LHOYWE T
Bbo T, BT I VICEMBILERL S,

M 1st med
31 [ 2nd med
= 251
£
a 21
o
E 151
<
[a R
L1
0.5 1
0 ; ; ; :
Control 0.5 1 5
DPA (mM)
X4 MEARMIIHS D t-PA HHE
500 +
M Put
- O Spd
400 A W Spm
o) -
o
o
~ 300 A
g’ B - n
A - -
i 200 A
N
o
E
N H HH H H H HH
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII‘III
O N|TFT|OO|N|O|N|F|O|ON|ON[F|O[O|N|O|N|TF|OQ|OIN|O|N|F|0OO|N|O|N|F|0©ON
EIREF =its 2% H®E £m JCM10629
X5 MEZELSLOCELEFEFORUVFIVER
2.0% soypeptone-S Tik& SIBFBZIT>IERETH DD, BE (6-12KE) IKL>TEULCRUYTIVERE

EHFMEZT TR, WofERzEDT v F =
A2 2 IO R DI REEATRIZ S T W b,
A DT o 7o KRR E V2R & 9 B35
Becix, B 37C, 6 ~24hr) IZE TN
HBARLVITVUBLIOARLI VEDFELL
B EN D Z EDHR SN (B5) Y IS
13 200 ~ 400mg/100g * x5 b Db H Y, &
MUIME (BRY 7 2 > 1543 + 2.70mg/100g,
N=65) ' L BT 2 LIEHITHMETDH 5,

BRI < SRVPTR R %
HHL DTEEAL B B WIIRIEL IS

DX,
VS - el
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Re-evaluation of neuroprotective activity and hormesis effect of alkaline extract
of leaves of Sasa sp. and polyphenols — Analysis with PC12 neuron model cells
prepared by overlay method

Hiroshi Sakagami !, Haixia Shi 12 Misaki Horiuchi 3, Madoka Suguro 3, Hiroshi Oizumi 3, Takaaki Oizumi >

! Meikai University Research Institute of Odontology (M-RIO), 2 Shanghai Ninth People's Hospital, Shanghai Jiao Tong
University School of Medicine, 3Daiwa Biological Researchi Institute Co., Ltd.

Abstract
We introduce here the simple isolation method of neuronal cells and its application

(published in reference 2). We explored so-called “overlay method” to isolate differentiated
neuronal cells at higher yield, and re-examined the neuroprotective activity of several
natural products. Rat adrenal pheochromocytoma PC12 cells were incubated for 5 ~7
days with 50 ng/ml NGF in a serum-free medium, with one time overlay of NGF solution,
without medium change nor pre-coating of culture plate with collagen or poly-lysine.
Alkaline extract of Sasa sp. (Sasahealth®) (SE) protected the differentiated PC12 cells from
the injury of amyloid peptide and paclitaxel in a concentration-dependent manner. The
neuroprotective effect of SE was more potent than that of epigallocatechin, curcumin and
resveratrol, possibly due to its growth stimulation effect at lower concentrations (hormesis).

Molecules 5& (X#k 2) ICHRRUZSGRIBROESAREEZDIAEBNTITD. NGF THMEFELE
HRBREBRICOBM TEDHE (F—/\—L%) ZEIL, RAVEOHRREEAEB/IRILEZ. Sv
hEIBEEEEEERR PC12@i%Z, 5~7 B, NGF(50 ng/ml) ZSORIMIEBMTIEEL, BHIHR
Z3BHHDDIC, NGF ZEVEBEREEEBIDIEICKD, IS5 YPRUUIVICKDTIL—bDI—
TV IEEELTE, HRBEZMREUCHABRBRESRICARIDIENTER. INVYYEPIL
AVRER (HYAILR®) (SE) &, 701 RRIF F’(‘J/TQU9=Ft)b?§§%éné‘ﬁﬂiﬂﬂ1§%&h§fe’m
FOICHERN U2, SEOREDRIE, TEHONTFY, JILIZY, LANRS FO—LDREHRKID B2,
RREHICH T DMIUBTEDIBE (RILXD AZHR) b‘Bﬁ%bZL\é;Cb‘mﬂﬁénto
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1. #HREHERMLEEDOEERFDORERE

7 v FEIBMES SRR PCI2 MifE s & b
FERZEIENE SH-SYSY MfiE 2 H v 72 gk
DIFHD% 1%, STELREEERSMZ 7
720, BoAREMHAIKST 2 Z L3 TE
oz, HAREEW E LTI, DMEM & %
W IZ RPMIL640 % FHWVL T % 2 ED3% DS, iff
ZFIC KD, 4 RRYIME (FBS) I (HS),
FEMIH T T/ FES° Ham’s F-12 B2 3N L 72
WEHIHH 2, LL, Z0k) Mg
DIEHZ IR E 722 T —F IR I NTW»
B\, E T, RN L SEIT T B I o,
TL— b DOFEHPET T2 Z L13% < DO
BEDREERL CB 2 ETHB, 2D, £
Al E 72D, S5O 7L — TR
V)P vas—srca—g4 vy JUEE L
THEEZMD 72 7L — b2V BP%EE D W
5,

ZzIT, |alx, EIERSMMPCI2 HAEOBE
A EET 2R E L TEND -FRVLLE
BEE L 7z, Z DFGH, RPMI640 B & b &,
DMEM Bl oD /5 288 W BASETER & 7 3 IR
g2 R $ 2 &, IMiEIXHS XD H FBS D
DENTHE ZEEFERLE Y,

A

0.3 q

Day 1

Day 2 ‘
Day 3

—O—Day 4 1
Day 5 :[ _ -[

0.25 1

0.2 1

0.15 1

0.1 1

Viable cell number (A s60nm)
Differentiated cells (%)

0.05 1
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1
(A) HHERaEL,
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20 1

RIZ, itz o AGEE SR R ET U 7, ik
B (NGF) 2L 72w e, o s
WREIET T2 DT, {LiFEICIE NGF D
FEDPNRETH B Z Db h %, BN
%5 2 % NGF O E# iR, 50 ng/mL TH -
72 (B1A), MREEPHBOER LY BE
wiaESbLMBEEL L <, okl x
MiEo#l&ZMET 2 E, 2D, NGF 250
ng/mL DRFRARDMFEMIEEILTE, Z 0D
BB NGF BEZHWTOMUERED S %2
hote, 72, mARDbELEZ 5121%, 5~7
Hok#EnnEcdh -7 (F1B) 2,

SACEE MR & b b 2 BREMB L 7,
KRiclr & 22 WER D, 6.25x10° cells/em?® D % &
Tl 2B L 72, FBS BSFEAET % &, 471k
EBMET L (B2, 207k, Fibisiic
lZ FBS ZINL Zehro 72, MIEZHIML 2w
JiDSE R O M A AEH Z a3 2 01 b AR
aTHhHb, £, RVYPrCca—g4v7
T2 EAMBEMET T2 2 LIt 0T,
RY YD IcEEDH 2D 2 Lk d 5 R
Tl XLHENTVEZEDXH L, i
NL<Tasg—Frrca—rL7L—ricik
HRREA S SR % 22 2 > 72, NGF Tl % K528

Day 5 100 100 7 Day7

80 80 ‘

60 60

40 40 4

20 20 1

0 = 0
°3828388888 °NgLe888883 °Ng2R88888
OGIVNPESRER oJIAVNC2RIB Rl ERER)

NGF (ng/mL)

NGF (&3 PC12 #iRID ML FEE
(B) AMELIHBRDEIE (%), BRI, 6BDFISEL SD.
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Neuroprotective effect of polyphenols

A Inoculated cell density (cells/cm?)
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2 FBSIE NGF [c &k PC12 B b = %I9 2
(A) pfeLfciangla (%), (B) MREOAEZ(L (Day7)

NGF (50 ng/ml) 350 7)) MTTEZE

100 pL 50 L 25 L 25 uL
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OO0 & = = 100 pL

o o (W
72h 72h 24 h 1h
= = = '%? = — :>A560

48 h

§ EHOBE — D%
MRRER, CIORE  narmaToRe s BOOBHE

3 A== L AR

%, @PCRER G EZ S L, MM
R #EE L 29 <, fMEREDOMOREGIE
WZ LRV, BZ 6, LU 7wk
AN A Ic R BN T2 I L T 3
EFZ, R (conditioned medium) % 5
T\, NGF Zz & UHififiiz Hig4 275
LERHATSZ Lic Lk,
DlEDHRICESE, b L 2 mrsiiie 2 &
INETHLZ A —N—L A EZRHEL L, Thb
4, PCI12 A X, 50 ng/mL @ NGF % & ¢ i

7% DMEM ¥5Hbh© 3 HFIRG 6%, Wi
N, I NGFREERLTI5IC2~4
AR 3 2 &, PRI 2 M0 L 72 i
(Day 5~7) #8328 T&5%, Z0R%M
AL CH Rl o, MR %2 7
WA, RIS 3T, MTT 338 (R 0.1
mg/mL) Z@HML, 1ERK%ET S, mEBICh
% B &, DMSO THEZED L T 560nm D
W 2 E T U R R it 5, &
HROTREEZE 3 IR,
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£ 1 Paclitaxel & ABys.3s DML LTz PC12 #iEABR O ERRIC S 2 02
Distribution of each cell cycle phase (%)
SUbG1 G1 S G2+M
Control 81X 14 676 + 1.2 142 + 06 113 £ 2.1
Paclitaxel 0.1 uMm 71 £ 05 674 + 0.6 9.1 £03 173 £ 09
03 uM 78 £ 04 66.0 + 0.6 114 £ 22 15.8 £ 2.2
1uM 8.6 + 03 663 £ 0.9 9.2 + 0.7 16.7 = 0.7
ABi42 36 nM 86 £ 04 68.5 + 1.1 8.9 £ 0.7 14.8 = 0.9
100 nM 6.6 £ 04 68.6 £ 1.0 9.0 £ 04 16.6 £ 0.9
360 nM 8.6 + 03 68.4 £ 0.3 8.3 + 0.0 154 + 0.3
AB2s.35 143 nM 8714 673 + 13 93 04 15.7 £ 0.7
429 nM 6.6 + 1.2 674 £ 0.8 9.8 + 0.6 16.9 + 0.8
1430 nM 75+ 1.0 67.7 £ 0.6 9.3 + 0.5 16.4 + 0.5
150 | 150 1 —o—None 15 B PN
x - Paclitaxel ——Sample (+)
g —e—AB25-35 .
2 100 100 100 %100 ffffffffffffffffffffffff
2 T Tl
g 50 4 50 A 50 E 50 :J,f ——————————— T
£ '\
N . = eew coh
O W ®M®O©WWY -~ N CPLerrwrLra3g8s8 0('3@\—(")IOIDIDDC>O 0 i
Sz22%d90c I A = 288y 2% Concentration of sample
SE (%) EGCG (uM) Curcumin (uM)

X4 KRAMBEOFHEREEM, M LIHEEMMEDIREL, paclitaxel (50 M), ABysss (500 nM)

2, KUY7z/—-OmZREER

FALEEE L 72 PC12 Mfdic, HUEHlD <7 )
Z X)L (MNEHERD) Ho0iE7Ing P
B- XT7FF (APasss) ZIHMT 2 &, S HIOM
2384 L, GoAM HOMfELsEmL 7 (& 1),

72 BET VA YK (Y ~IL R, SE)
1%, paclitaxel, APasss D AR 2 0 L 72,
EGCG * curcumin I b 55\ CREERN L A3 EE X
N7 (K4) ¥, EGCG %, IMiEHD7 L7 3
VA LR T LI EDALSNTVLEDT, &
IREEIZ B 2 EE DN, EGCG 23 7L —
MzhEEa L, ZZICMITRENRE LD D
EiEbns,

MR R 2 Al L 7, AR IR X
D, 50% fHALE R E (CCso) & X VYT
X 2 EMEE 50% MH T 2B E (BECs) % Ml
L7z, MIafEI RO IE, o ZiRL

7= B NM%% ST (=CCso/ECso) TR® 7z, SE i3,
a v/ ]) b4 #”t’}l/’?‘j A625,35 Iz X D %%é‘ﬂfc*ﬁi
Mg E®, EGCG, LAXRT tu—), 7

N7 LD IEIL

3. YHALZDOS{L 7=

(&2),

PC12 # %l hY

ICxtd 3R XS XAFHE
PC12 fidld NGF 237\ & SRt o134

FERTE R\,

L2>L, SEDEINC & D BE

RN A S S L 72, EGCG, L AN
Shka—N, ZL7IICEID LS REHR

AoNlhro7 (B5),

4, SEOYHAINZOHEDERM

SRIOMIIZEBNT, FIFEERMBDOT A~
VA (SE) &, (R B\ CHEER AL E (&
NRATR) ZFHFET 2B LITXD, MG
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Neuroprotective effect of polyphenols

x 2 RAMEOFEHRRENROEEL

FBS fERSEME REME CCs ECso S|
RER1  <FKMtHp>
Day0 10% ABi4 SE 138 % >156 % <1
ABi.s2 SE 071 % 0.1 % 7.1
ABi4 EGCG 40.1 uM >400 UM <1
ABiay Resveratrol 326 UM >400 UM <1
ABia Curcumin 191 uM >200 puM - <1
ABis p-Coumaricacid  >400 UM >400 UM ><1
10% ABys.3s SE 115 % 021 % 5.9
ABs.35 SE 071 % 013 % 54
ABysss EGCG 331 uM >400 uM <1
ABs.35 Resveratrol 370 MM >400 UM <1
ABys 35 Curcumin 60.2 uM >200 puM - <1
ABs.35 p-Coumaricacid >400 UM >400 UM ><1
RER2 <ol ifHfa>
Day7 1% AB1.s SE 0.55 % 0.012 % 45.8
1% ABs.3s SE 0.55 % 0.0075 % 733
Day6 0% ABs.ss SE 02 % 0.005 % 40.2
0% Paclitaxel SE 02 % 0.026 % 7.7
0% Cisplatin SE 02 % >2 % <1
0% ABs.35 EGCG 833 uM 078 uM 10.7
0% Paclitaxel EGCG 833 uM 055 pM  15.1
0% Cisplatin EGCG 833 yM  >25 puM - <1
0% Cisplatin Resveratrol 604 uM >200 UM <1
0% ABys.35 Curcumin 157 uM 091 uM 173
0% Cisplatin Curcumin 157 uM >200 pM - <1
100 1 100 100 1 100 4
S
E
€
2 50 50 50 A 50 -
8 I 1 . o=
o § Vil B
% i /, 116 T T3
> i sl isanl 13 il .1 Ilisafis
SE (%) EGCG (uM) Resveratrol (uM) Curcumin (uM)

5 RAMBEOMBFEIIICNT 2RIV AT XRR, PC12 #ifa% 10%FBS Z&¢ DMEM 55 (C, O bO—
) B2WNE, BAOEREDERMZESGEMBD DMEM 15#C, 24 BREEE L, BXEMREEE MTT
ACHEL, I AT 2% CRlic,. BRIE, 6 BOFHET SD.
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