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Abstract

The effects of the glycoprotein (PAG) isolated from Preridium aquilinum on the immune function was
examined in mice. PAG was intraperitoneally administered into BALB/C mice for 14 days and the antibody
forming ability to hen egg lysozyme (HEL) and the blastogenic responses of splenocytes were measured. PAG
treatment significantly increased antibody formation to HEL in a dose-dependent manner. Blatogenesis of
splenocytes in response to lipopolysaccharide (LPS, B-cell specific mitogen) or phytohemagglutinin (PHA, T-
cell specific mitogen) was also increased after treatment with PAG, indicating that the PAG increases both
humoral and cellular immunities. To examine whether the immune function of PAG was via a direct effect on
the lymphocytes, splenocytes were isolated from BALB/C mice, exposed to various concentrations of PAG in
vitro and the blastogenic responses were measured. In vitro exposure to PAG significantly increased
blastogenesis of splenocytes to LPS up to 50 pg/mL, whereas the blastogenic response to PHA was not altered
by PAG treatment. To identify the fraction responsible for the increase in the immune function, the effect of
periodate digest, pronase digest or purified polysaccharide on the antibody production to HEL was examined.
Crude protein fraction of PAG significantly increased the antibody formation to HEL. On the other hand, both
crude and purified polysaccharide fractions did not have any effects on the antibody production ability. These
data indicated that 1) PAG increased both humoral and cellular immune functions, 2) the increase in humoral
immunity was probably via a direct action of PAG on lymphocytes and 3) the protein portion of PAG was
responsible for the increase in humoral immunity.
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mL2 83471 t}& 96-well plate®] 7z} welltd 100
UL 718k & 4°CollA] 24217t wkg-A14 HELE plate
of -2 At 0.05% Tween 200] -5 alakebsAy
2] g 4~(PBSTE 7z well& A|H3Z F 5% normal
goat serumo] ¥H--% PBSTE 7 welltd 200 pL# @
aL 37°Coll A 60%8-7F ulx|s)o] wlEold Hgty e
2btslgict. PBSTR plate S 4| 33 F vl9-2ofja] &
o121 ¥ A& 5% normal goat serumo] 32 PBST
o] 1:1002.2 3]43F F 100 uL# 7}3}a 37°Col| 4]



978 A Esksia) A 309 A 45 (1998)

9047t wh=|slede}l. 1 ¥ peroxidaser} Z 3% goat
anti-mouse IgGE 7} wello}| 7}8}od vk-¢-A17) o)L 5%
normal goat serume] {15 PBSTE 4|3 3lgict. 7+
welle}} O-phenylenediamine-8-<4 100 pL2 7}5}ed of
Zeoll A} 1587 Hk-g- Al ov whg- =) F-2] 2}t welle)
Ao vt T 2 490 nme] I}Abol|4] ELISA reader
(Molecular Devices, U.S.A)Z =3 spod e},

HIZM|Z2 Z4l5 &3

PAG7E ol operzye Qe wlgALE
RPMI-1640 vl 2| "o)] HEA]A 1Xx10° cellssmLE &
A3 F 96 well plate2] 2+ wellel] 200 ul.® 233
thS mitogen 2 PHAS} LPSE 10 ug/mlo] H &
A7bsta 397k vieksleic}. 2 % °H-thymidineS 7}
welldd 1 pCid A7lste] 18417F o wiegt of-&,
-70°C deep freezerol] do] 43S A= A7} 57
plate & =<l F cell harvester (Inotech, Switzerland)S-
o]-8-3}o] glassfiber-&#|o| &3 & liquid scintillation
counterd- A}-4-3}¢] incorporation¥ [*H]-thymidine2}
F& FAsct. In viro AE ] H gl ohg2
2E] AN ZEE Ba)sle] 2% 10° cells/mL7} Hlx &
ZH3 F 96 well plate2] 7t wellel] 100 pL¥ ¥-53}
L 0.45 um<2] Nalgene syringe filter&- o]-8-3}od o=}
Zb A FEA 100 pLE 2]kt 1 3 ol A&7
ule} zke- wlH O 2 mitogeng 7}3be] wvlokRF The-
incorporation¥l ['H]-thymidine2] oF-2 =43}’

SAIX
2 & A3 Z47}=E mean+standard deviation. 2. v}e}

W%132 one way analysis of variance (ANOVA)E- o]-8-3}
o BA|xe) sfgdon], 7} 7ol 2bo]i= Bonferonni®
modified t-testE A}&-3}od P<0.05 3-& P<0.01 4>F<|
A ol S FA sk o

X

i’

¥

oa

PAGSE| oifA HE o HARY|e| BAH0| ojx|le
dE

PAGZ} 50~500 pg/kg-& 154 7140 8 23} Eolglt
T} 1447 vld Foigt T AFE A3 Aake
Table 10 71 =)o) )t} PAGE 15U7tA S 2 23]
Fod7t ol A= T wlasle] AE, Ald)
A w)a g FAFA ool o} F-7 <fgg x|
odstrt. g 1447 oY Fofgh Foll QoAM= A
Z, A vl gl FAFA ] glolA EAIKQ e
Aol sle wWss A 4 gladek. ohat 500 pg/kg
Tl gl A Fo] Ak Ak S v
Wedar, Ao el 2ARA7E ot Folsle e v
ehsd ol

PAG7} gl s 0|xj= G&

PAG7} A 5l Pl A| = <d 3ol chale] A3}
AL AlEe)EA o2 4Rl HELS AMg-3fed
17 Aoz F A W9 A7IRA PAGE 154
Aoz 238 R 1497k vl Foisisict.
Fig. 1Ao] wvehd nle} zle] hwicids] R (PAGYE:
174 ZtA o2 23] Foldh A9 &7 &AM o g
AP gl S7kl= A& & 4 AKeH, 500 pg

Table 1. Effects of PAG administration on body, thymus and spleen weights

Treatment Group % Change of” Relative spleen® Relative thymus®
protocol body weight weight weight

Control 103.47+4.58" 491+1.19 1.44+0.03
K PAG 50 pg/ke 106.72+4.68 4.42+0.93 1.49+0.40
PAG 100 pg/kg 105.55+5.88 4.71+£0.80 1.58+0.48
PAG 500 pg/kg 107.69+6.23 4.801+1.01 1.49+0.37
Control 103.25£3.35 4.931+2.32 1.44+0.07
- PAG 50 pgikg 104.48+7.25 5.15+0.86 1441035
PAG 100 pg/kg 105.45+6.39 5.04+1.13 1.50+0.35
PAG 500 pgke 101.57+3.21 5.53+0.71 1.39+0.42

"BALB/C mice were intraperitoneally immunized with HEL (2 mg/mouse, on day 1 and day 8) and injected with PAG (50, 100,

500 ug/kg, on day 1 and day 8) or saline.

“BALB/C mice were intraperitoneally immunized with HEL (2 mg/mouse, on day 1 and day 8) and injected with PAG (50, 100,

500 pg/kg, on 14 consecutive days) or saline.

Y9, change of body weight=(final body weight/initial body weight)x 100

“Relative spleen weight=spleen weight (mg)body weight (g)
“Relative thymus weight=thymus weight (mg)/body weight (g)

“Data is presented as a mean +standard deviation (n=10 in each group).
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Fig. 1. Effect of PAG administration on the humoral
immune response to HEL in BALB/C mice. Panel A.
BALB/C mice were intraperitoneally immunized with HEL
(2 mg/mouse, on day 1 and day 8) and injected with PAG
(50, 100, 500 pg/kg, on day 1 and 8). The ELISA was
performed on the 15th day as described in “Materials and
Methods”. Data shown are the mean+standard deviation
(n=10 in each group). *: significantly different from the
value in the control group at P<0.05. Panel B. BALB/C
mice were intraperitoneally immunized with HEL (2 mg/
mouse, on day 1 and day 8) and injected with PAG (50,
100, 500 ug/kg, on 14 consecutive days). The ELISA was
performed on the 15th day as described in “Materials and
Methods™. Data shown are the mean +standard deviation (n=
10 in each group). **: significantly different from the value
in the control group at P<0.01.
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Fig. 2. Effect of PAG administration on the blastogenic
responses of splenocytes. BALB/C mice were injected
with PAG (50, 100, 500 pg/kg, on 14 consecutive days)
or saline. The splenocytes were isolated, stimulated with
LPS or PHA for 72 hours and pulsed with [*H]-thymidine
for 18 hours. Data shown are the mean +standard deviation
(n=10 in each group). **: significantly different from the
value in the control group at P<0.01.
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Fig. 3. Effect of in vitro exposure to PAG on the blasto-
genic responses of splenocytes. Splenocytes were isolated
from BALB/C mice and exposed to PAG in vitro. The sple-
nocytes were stimulated with PHA or LPS for 72 hours
and pulsed with [’H]-thymidine for 18 hours. Data shown
are the mean+standard deviation (n=10 in each group).
**: significantly different from the value in the control
group at P<0.01.
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Table 2. Effects of crude protein fraction, crude polysaccharide fraction and purified polysaccharide fraction of

PAG on body, thymus and spleen weights

% Change of”

- Relative spleen” Relative thymus®

H

Group body weight weight weight
Control 112.66+1.47" 4.55+£0.53 1.46+0.28
Crude protein 500 pg/kg 103.14 +3.28** 5.25+0.42 1.524+0.19
Crude polysaccharide 500 pg/kg 105.93 +2.62** 4.85+0.62 1.38+0.12
Purified polysaccharide 500 pg/kg 111.85+2.71 5.19+0.76 1.57+0.26

"BALB/C mice were intraperitoneally injected with crude protein fraction, crude polysaccharide fraction or purified
polysaccharide fraction of PAG (500 pg/kg, on 14 consecutive days) or saline.
% change of body weight=(final body weight/initial body weight)x 100

“Relative spleen weight=spleen weight (mg)/body weight (g)
“Relative thymus weight=thymus weight (mg)/body weight (g)

"Data is presented as a mean + standard deviation (n=10 in each group).

**: significantly different from control at P<0.01

Absorbance at 490nm
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orotein polysaccharide polysaccharide

Fig. 4. Effect of crude protein fraction, crude polysa-
ccharide fraction and purified polysaccharide fraction
of PAG on the humoral response to HEL in BALB/C
mice. BALB/C mice were intraperitoneally immunized with
HEL (2 mg/mouse, on day 1 and day 8) and injected with
crude protein fraction, crude polysaccharide fraction or
purified polysaccharide fraction of PAG (500 pg/kg, on 14
consecutive days), respectively. The ELISA was performed
on the 15th day as described in “Materials and Methods”.
Data shown are the mean+standard deviation (n=10 in each
group). **: significantly different from the value in the
control group at P<0.01.
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