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Effect of Arabinoxylane and PSP on Activation of Immune Cells
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Abstract

The objective of the current study was to determine the effects of arabinoxylane and PSP on mouse splenocytes,
T cells, B cells and macrophages in vitro. Arabinoxylane and PSP directly induced the proliferation of spleen
cells in a dose—dependent manner and increased IFN- y synthesis. Especially, PSP induced IL-2, IL-4 and
IL-10 production. Both arabinoxylane and PSP increased PFC (plaque forming cell) and RFC (rosette forming
cell) formation. Arabinoxylane was not induced the proliferation of T cells, but PSP directly induced the
proliferation of T cells in a high dose. Arabinoxylane and PSP increased the proliferation of B cells and the
phagocytic effects of macrophage. When arabinoxylane and PSP were used in macrophage cell line stimulation,
there was a marked induction of NO synthesis in a dose-dependent and an increased TNF- ¢ and IL-6 synthesis.
Especially, PSP also induced IL-1p production. When arabinoxylane and PSP treated in macrophage cell line,
there was induction of MHC class II expression. These results suggest that the capacity of arabinoxylane and
PSP seem to act as a potent immunomodulator causing augmentation of immune cell activity, and with the
absence of notable side-effects, arabinoxylane and PSP could be used as a biological response modifier having
possible therapeutic effects against immunological disorders.
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oldf AE)E T FA A9 B AaR
Eafiste] = Al EA A EA ki, vl UCLA W3t
2} Mamdooh Ghoneum ¥HA}7} 7)abgl <) -8 W23 &
o]t} Arabinoxylane-2 W A £ = b A Z 9} 3 & A o) 4]
92 NK A28 FA48AA A2 E g3t = 2ot
aE ez delx 9eH3-5). 28] 3, PSP(polysaccharide-
peptide) & A7 A FAA Fell A Cov-10)2}
= 57 05 A A &, A A s -2 whalciod A
Ao gelasyt gl Aoz «alA glohe-8). whaf
A, 2 dTE R elE] 7leA Al Ee] dARRE A
S5 9l arabinoxylaned} PSPe] Wl A = &A1 5w S

BT

~N

o

Ay =

AEFES NP FSEAE oA 53 A 5 (spe-
cific pathogen free) Balb/cAl % & F-Fwtol ¥ 5 & AL
Aol A Ee]7bE o] E ALSAFAH18 %20 cm)w 671 2 <]
5 §A 5 ALE-sddnt o] F ARl 25U 7 Aol A

9 AR E 28 TEstL, @ e #2718 12474
43 A ]'%‘5& 2EHAE ] $URE A& A
8~125 Alele] AHF Ao A&t

AE 1=

Ag el AF8-3 A 89! arabinoxylane PSP(polysacch

aride- peptide)+= (F)o] Falo] ol A A -F-rto} A1-4-3}5 o}

A Alet

Al e oFel]l 223k vl =] RPMI 16409} v =l ol H7}3h+=
g} A ] (antibiotic -antimycotic), FCS(fetal calf serum)&
Gibco BRL(USA) A &8 A}-83}9l 2 v, 2-ME(2-mercap
toethanol), sodium bicarbonate(NaHCOz), N-1-naphthyl-
ethylen diamine®} Sulfanilamide® Sigma(USA) &£
Abgstedct =g A 224 S sk AT A2 Cell
Titer 96" Aqueous One Solution Cell Proliferation Assay)
£ Promega(USA) AE& 243191 22, cytokine &4 o &
St gAlel Nzay vl B8 dste 25 Al

Pharmingen(USA) A &-& AF8-3}9dch9).

HIZME el

A A o] Falof vlA= &adE F3 st 93t A3
o] A ZE o] &3t A AF e wAE EEd o}
&, Ao w41 & o] §-5}o] ‘4%_“%]:& Sl & HEAU
A A E SR8 RPMI 1640 vl ok} © 2 33] A & g o}-g-
5x10° cells/mL %7} = A 34§ & 96 well plateoll well
% 100 uLA H7bebdct olwf, A s AR E TR E AU
o} 37°C, 5% COz wF7]oll A A A7k wofal cf-g, Cell
Titer 96 solution(Promega, USA)-& o]-&3s}o] A|EZEA&

%3 5h1 TH10).

Plague forming cell(PFC)

g7 A Al Z9 A AL Cunningham® (11)2 o] &3}
A, ABFeE 10497 Ptz 6dM el SRBCE 1x10°
cells/mLe] HEE A sle] A9 B}el 0.2 mL FA+3t
QAck 4 FuAg AFsto] AE FHfoR whEo] 33
AA F1x10° cells/mLe] &2 243k 6] 44 £ 200 ul
2} 10% SRBC 36 pL, complement 21 uL, 21.8] 32 5% FCS-
HBSS® 143 uLE &3§3hed, A4 #1#3k Cunningham cham-
berell @] 37°C incubatordll 4] 1A14F wF3tsd <A A AFA]
Z F¢ol AE7r) S8 FHE $3¥Hplaque)o] AAH
1:]-. o]mﬁgl _g_fsé\:‘l_]- x-]]o{ a‘]—xﬂ )J]/K]- /q]i E- A1A] 3}0:11;],

Rosette forming cell(RFC)

B A Z 2] Rosette® A A Z 7 ALE “Method in im-
munology”(12)ell 4] 7|3 Wk o whet YRt &, ¥)3
M E H58(2x10 cells/mL) 200 uLek 1% SRBC -+
200 ULZ A3 3ol Yz E§3ke] 1,700 rpmel| A 14 &2
g F, o]l A& oAl B A A AR #9138t RFCE
& u17g oz st du] 7 Al A v A A o SRBC}

37 o] A 24k Al 25 RFCE #A sbo chg 341 &3}
o] AAkstad

REC/mL in rosette mixture/Viability X 10 = RFC/10°

viable nucleated cells

TM= Z2™

223k Az e v AAEE 10% FCS-RPMI 1640491 #] 1
mLel 34 8}ed Nylon wool columnell ¥ 2 37°C, 5%CO-
incubatorell 60-8%F 8] <Fgk ¥, Nylon wool column-g- 37°C
2 vy dAl A2 A H e bl TAE =2
T Eelshe] AR8-ghodh(13).

BM=Z 22y

BAZE= B AAE L5948 THE Sl <4< Thy
1.2¢] tH&k A 9}, £7] B A= Ae]ste] TAEES Al 718k,
Sephadex G-10 column-g ©|-8-3tef v ] #-2h4| - A7
shod F]ghch(9). Eejg BAZE A A E} Zol viokat

& ZAAH 5 Cell Titer 96 solutions o}-&-3}ed A 3}gdc}.

£3
A EZ2A 232 Cell Titer 96" Aqueous One Solution

Cell Proliferation Assay(Promega, USA)E Al§-3}9] 2

A Z wjekel 100 pLell Cell titer 842 15 pL¥ #H7}3}o]

4~8A] 79} vl ok3l th& Microplate reader(Titertek Mul-

tiscan Plus, Finland) & 490 nmol|4] O.D.3t& SAsle] &

AR E A3

HmSA

OIIE

Ato|EFIRl ZEY
Sl (1L

7} & Atol By}l (IL-1B, IL-2, IL-4, IL-6, IL-10, TNF- ¢,
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e hl

IFN-7) % &AL ELISA®Y L o|&3)4dch = flate-
bottomed microwell plateell goat anti-mouse cytokine 13}
A€ coating bufferg o] &8} 4°Cell 4] overnight incu-
bation¥t ¥, 3% BSA&o] 0 2 247} FoF AF-2-of| A block-
ing3tsd el A el A A3 vl F AZ 4L platedl] 72+ ¢
oA, 37°Cell 4] 22417} incubation*] %! %, biotinylated anti-
cytokine 22} A& A 7}ebkgi vt 28l 1, avidin-conjugated
alkaline phosphate& A 3% 7}a} 32, 37°Col 4] 24 ZF incu-
bationAl 7] 22, 712 & p-nitrophenyl phosphated ¥ %
Microplate reader & 405 nmel| 4] &34 =& &% 3}o] standard
curves )83 pg/mL ¥ =2 FHakstel e ck(14)

AL i 5o W5 wel st CP
arapsilosis) ¥ (8x10° cells/mL) 50 pL.2} A
(8% 10" cells/mL) 50 pL, 28] 32 5% FAH A5
2] Zé OO uL-E V-bottomed microtitre trayell F¢3}lo] CO»
incubator(37°C, 5% CO2) oA 3A|7F e okatalc). wiok &
2% 50 uLE # sl A Sabouraud’s dextrose agar ¥l X] of] 27
35°Cell Al 24 7w eF3lo] Abelsl+= CP colony 45 Alo] 4]
Azl o g5 CPel AdFE TAsIG

§
3
; &
om

AUMSIEA~ =
FHE NO AFgHE¢l NO® (nitrite)= Griess #H&-g o] &

sl EA sl Al ZeloF AFZoS flat bottom 9Y6well
plateel] 100 pL¥ @3 o] 7)o GriessA2¥(0.1% N-1-na-
phthyl-ethylendiamine in H-O: 19 sulfanilamide in 5%
HsPOs = 1: )& 5% 3 71sbe] 1027 ¥H-8-A1 4 ¥, Micro-
plate reader 2. 550 nmel| 4 &3 %2 =43} c}. Nitrite2l
%X = sodium nitrite& 32 uMell 4 %€ 0.25 pM7}A] 26914
) dste] @& ZFE FAF vlasted AXbsladoh16).

FENME 2 U 53
A8 E Hrhale] dlA A ELFRAWLTE 2

4] 7F
ot chgol AAAZE B5stalc dAAE TR
PBS(0.5% BSA®} 0.1% sodium azide Z&H)ell 1x107 cells/
mLe] FER FHA F 50 ule AE Ffrol ol Hgege]
FITCE 3% A% &4 (anti-MHC class INE 7}38}e 4°Coll A
07 Ttk GAe] $EF AZE PRSE 13 AP
% flow cytometryS AR #4135t Wro] Az v
o of] FITC-hamster IgG(Serotec)2
trol & AH&-3lgd o n, W& A Z 1)

scatter/side scatter gating< £-3)

mlm

Z A 7}38}e] negative con-
F2 B8l 7) 938l forward

2 A ZE A A H).

SRESEIN
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H7hele] 22
43} Fig.
LPS(lipo-

EE 5%10° cells/well @1 TEHE
e 37 vjkele] SAAEE H]EF}%D}
13} o] BAE2] $A1& BolxoR =
polysaccharide)$} TH 2.2} A& %011—4.3 T°r 5}= Con
Alconcanavalin A)oll Qs A v]HA EE o 93 o
2 2d7 Ho FARESE ebliodw, 3 A 2t FHadks
Ao 2 velygrl zElm, wieF 24 A& arabinoxylane®}t
PSPE A7l W= Fic o &H o2 v 2e] $4
Hh-2-o] v}elytr}. oo arabinoxylaned PSP2] &A1wk-$ A
T AR H]$&std 2], 48 39 /= arabinoxylane2] 7
o) 24 A ub-g-w e} A elyhx] T PSP 29 A Bt o
Hh-g-o] vhetypel & 3U A 71X ALef A v]3A 22
5], 4 =4 xg 71-31:}

#} 2 arabinoxylane® PSP W57} 8] A4l £.2]
freshad 2, # sl 1,000 ug/mLefj A 2
o] dejydr}. 28] 1, PSP+ arabinoxylane®.t}
& TE35 A2 veiydth
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Fig. 1. Effects of arabinoxylane and PSP on the proliferation
of spleen cells. _

Spleen cells (5x10” cells/well) were stimulated for 2 or 3 days,
respectively, with various doses of arabinoxylane and PSP and
assayed for proliferation.
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Table 1. Effects of arabinoxylane and PSP on the production of various cytokines

Cytokines, pg/mL

Conditions

IL-2 IL-10 IFN-7
Control <10 <10 169.8+11.0
ConA (1 pg/mlL) 48445+ 134.4 438+18 <10 17885.3+257.7
LPS(10 pg/mL) <10 <10 502.3+7.4
Arabinoxylane <10 <10 242.3142.1
PSP 49035 57.3%14.6 788128 1677.3+155.2

Spleen cells (5% 10° cells/well) were stimulated with arabinoxylane (1,000 pg/mL) and PSP (1,000 ig/mL) for 24 hours and the
supernatants were assayed for various cytokines. Cytokine activities in culture supernatants were determined as described under
Materials and Methods. The results are expressed as meanstSD of triplicate assays.

o] ol Al BTl 5
Table 19} vFebd 71 7 7o),
& fr=3ts LPSe IFN- 7 #¥]9he f=3lsdx, TH 22
SAE fridts Con Ax vlas @2 oF9) IL-2, IL-4,
=3}l 18] 3, arabinoxylane< LPS ¢
B uke f- =8l A %, PSP+ Con A9} o]
IL-2, IL-4, IFN- y #8918 F=3kdch 282, IL-109) &
¥ = fEstqdct F-A e dlzaof v)8), IFN- 7 #4]2] 49

%F& ELISAZ A sqic)
H] A 2 Foll A BA 2] 54

4

x:‘,l_

H

o arabinoxylane ¥ 1.43), PSP& <F 1OHH Aol ge
F& sttt PSPE Con AR AS3819S wjic) A=)
Hb Rl e w2 ko] IL-2 1] E WE%}&%E EIES
g ko] IL-4 ¥ & fresholch A gl EulE = IL-2&
A dulkg-of Fhod sl B2 TAES} A 2 THES &

&
AlE FEsteE 9882 80 (17), IL-4= 4] H-LHgul-3

BAIZ2] g A AAS FE5lwd H 838k Ao
2 4edA glvh18). s18) 3, IFN- » & WalH b
7011 °°7 St AN EE A48 7)= 23 88 3
£ Aol E7}alolth(19).

o]+l A2 arabinoxylaned} PSPE WA A Z & 2 A
A}-=3}e [FN- 7 4] & #2519 0.7, 53] PSP+ IFN- v
Bk opebIL-2, IL-4, IL-10 ¥ = F 2= 2 22 vfet
Wb el BHlE RS Aol Bkl Y] $R-E Bl aLst
9% v, arabinoxylane-2 B AA] E Fol| A BA| EE PSP
BA| 2.9} TAIZE 2}F38lo] A& fF=dhs A o2 7=t

.~01

.

PFC % RFC ?ééi

AL Y Fol] Aghsle] 3877 883024 plaque
7k vrebd e} (20). &9 Rosette A& TAE 23t Aoz,
A8t TA Z= 4°Coll 4] foFd E 79} Rostted &4 317
Hr}(21,22). HeF A2 WA A 7] Ao arabinoxylane
I} PSPE 1047 74 Foi gk T ulah A o A5 57 A
4 HAAZE 3] pste] 2 Al 57t AL G A= B F
& AP Az Table 29 2},
Bl A Ee] PFCHAL £33 34 AAeS q{ (245
+23/5%10° cells) ] uls}o:] PSP $o] 1827242

Table 2. Effects of treatment samples on the plague forming
and rosette forming cells after the anti-SRBC response
Balb/c

Number of PFC/ Number of RFC/

Groups 5x10° spleen cells  1X 10" spleen cells
Control 245120 102+14
PSP 272+23 125+10
Arabinoxylane 28124 13314

The sample were orally fed to Balb/c for 10 days. The mice were
immunized with SRBC at 4 days before assay. The results are
expressed as means & SD. Control group: physiological salt solu-
tion 0.4 mL/1 day/mouse. PSP group: PSP 1.5 mg/1 day/mouse.
ARA group: arabinoxylane 1.5 mg/1 day/mouse.

cells)& 11%, arabinoxylane 5-637(281+24/5x 10° cells)&
14% 34 A& F7ste 3 3s Boh 3 v Al £
Rosette® A& B33 Axe dz2Fe v Z 1x10™3
10214709 RosetteS 3 A slol on], PSP %o #-2 125t
107} 2 9%, arabinoxylane %o 7--2 133+ 147) & 30% &
Foll Wale] 277 214 (p<0.05)% hebleh,

o]Are] AT E 2 uf arabinoxylane®} PSP+ BAl Z 4]
s, TAE 4] 2 PFCY WA E Ao 93-S F1 9]
& 3l sl9l oo arabinoxylaneo] PSPR.c} 34| A4l
TAE Z4%0] vha $58 AR vieho,

TMZES Z4|
A AgANA F 7R o] BE UM ESL FAS
e 37t de A2 Yyt ofu, SISk v AA
£ THE £ BAZ Fol 3hd 7Hs4e] £
¥ A E ol A THZRE w2 #elste] F 7hA] 484 A
71at Foll AR A o7 FARSE -rrEﬁ]'—*Z] 738 skt
Nylon wool&- o]-&3}e], uj %

BA| Z.9} HALA 22 A~ & E}% 48} TAH| Z7H2 —Eral 5}
o] 3x10° cells/well 937, 7t A 2-& sx 2 Arhsle] 3d
7r wjekste] ZFAMb-S-& S 3t9dch Fig. 26 viebd A4
Zro], B2 ¥ TAH ZE LPS9} Con Aell sl F4]8k-5-8 1}

el 7] ok 2o HolA] £4aiAl Relh AL % 5 3l
044 o|FA &3t £ T4 Zq EHHH T 7kx] A

Z A e Hro ZANL S S uEAE =
40;45}1;}4 e}, PSP 7 3% %(1,000 ng/mL)
ol A ofgh ZANS-S fEdE A2 vElytt) oleld A
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Fig. 2. Effects of arabinoxylane and PSP on the proliferation
of splenic T cells. _

Purified T cells (3% 10” cells/well) were stimulated for 3 days,
respectively, with various doses of arabinoxylane and PSP and
assayed for proliferation. Spleen cells from Balb/c mice were
passed through nyloon wool column. The effluent cells were used
as purified T cells for proliferation assay.

e vl A Zol A o) Alo] bS] F7E Hdatn
i A stz ez A"} %, arabinoxylane
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2559 PSPE HIAA Z] ZAuES- B} oFalR| v, f-2
# 2L fEITHE A ¢ 5 vk
BMES| F4)

B A 2 FA S

Fr=&e A3t

Sle AL YetgA vk, TH Ze| s 2g=2] PSP ito]
ZAuke-g §-xsigdc) weli], 245t B AA = BA|
Ed 7hsAol 7] wiell, oltlele BAIZ W& d52 2
Felste] 7 7px] Aol BAZY A& FE3ERE 7
Ashsiet.

THERe] 7hA] 5L 9= A Z & Feo] @il Thy 1.2
el g Aot RAE o] 85t TAEE AAS L
2] FZA A ZEZ G-10 sephadexE ot-&3te] A A3

<, 4% BAZNE Felslglch 22 B AEE 3x10°
cells/wel Y1, 4 QRS FEEE Friste 29 =E 3Y
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Fig. 3. Effects of arabinoxylane and PSP on the proliferation
of splenic B cells. _

Purified B cells (3% 10° cells/well) were stimulated for 2 or 3 days,
respectively, with various doses of arabinoxylane and PSP and
assayed for proliferation. Spleen cells from Balb/c mice were trea-
ted anti-Thyl.2 mAb, rabbit complement and passed through
G-10 sephadex column. The effluent cells were used as purified
B cells for proliferation assay.

o]+ A2 arabinoxylane® PSP 8] A4 . ol A
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Fig. 4% A3 9] 27}o| A -2 87} A A E7} Candida
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PSP FolF 651 5% 2 G 2Hgo] o 5lA Frlete AR
‘ii‘:}

ﬂf.'l
ha
ofr
>
o

of| AL2-% Candida’= Aspergillus, Actino-

0
o
~®
X
0
2% I
[o]
s}
(33
)
e ®
=
0.20 1
10}
)
Control ARA PSP

Fig. 4. Effects of treatment samples on phagocytic activity
of peritoneal exudate cells.

The sample were orally fed to Balb/c for 10 days. Phagocytic ac-
tivities of peritoneal macrophages were determined as described
under Materials and Methods. The values represent the mean=®
SD of 6 mice.

Control group: physiological salt solution 0.4 mL/1 day/mouse,
PSP group: PSP 1.5 mg/1 day/mouse, ARA group: arabinoxylane
1.5 mg/1 day/mouse.
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Fig. 5. Effects of arabinoxylane and PSP on the production
of nitric oxide.

RAW264.7 cells (5% 10" cells/well) were cultured with various
concentrations of arabinoxylane and PSP for the production of
nitric oxide. After 48 hours of culture, the amounts of NO produc-
tion were measured hy the Griess method as described under
Materials and Methods.
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Table 3. Effects of arabinoxylane and PSP on the production
of cytokines

Cytokines, pg/mL

Conditions

11.-1B 1L-6 TNF-«a
Control <10 20.3x€4.7 3325x70.7
LPS (10 ug/mlL) <10 1,283.0+£377 19450%£53.03
IFN-7 (1 ng/mL) <10 170.3+4.71 595.0+88.4
Arabinoxylane <10 173.7+t14.1 1,1825%106.1
PSP 1449+20 134031943 4397514243

RAW264.7 cells (5Xx10° cells/well) were stimulated with ara—
binoxylane (1,000 pg/mL) and PSP (1,000 ug/mL) for 24 hours
and the supernatants were assayed for various cytokines. Cy—
tokine activities in culture supernatants were determined as
described under Materials and Methods. The results are expre—
ssed as meanstSD of triplicate assays.
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Fig. 6. Effects of arabinoxylane and PSP on the expression of MHC class 1l.

RAW264.7 cells (1X 10 cells/well) were stimulated for 2 days, respectively, with arabinoxylane (1,000 pg/mL) and PSP (1,000 pg/mL)
and assayed for MHC class Il expression. FITC conjugated anti-I-A? mAb was added to the cells and assyed with flow cytometry,
Fluorescent profiles of the cells stained with FITC-anti-MHC class II (solid line) and IgG subclass-matched control mAb (dotted line)

were shown.
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