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Effect on Immune Cells of Proteoglycan Originating from Rhanella aquatilis
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So as to evaluate its use an immune stimulator in humans, the toxicity and action against immune cells by an anti-yeast sub-
stance (AYS), a bacterial proteoglycan, were investigated. The AYS did not possess hemolytic activity with human red blood
cells (hRBC). Nor did it exhibit cytotoxicity against human peripheral blood mononuclear cells (hPBMC). In addition, the AYS
did not induce hPBMC proliferation, but it did agglutinate hPBMCs in vitro. Moreover, hPBMC induced inflammatory cytokines
such as IL-6, IL-5, IFN-y and TNF-o. with the AYS during culture. Compared with alum, the AYS as an adjuvant has an
increased antibody production rate against bovine serum albumin (BSA) in mice.
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AEo] HEAY a3 TS gtrha g2A glem[13],
£3] Gram (-) Al AlzY Fe =27t B AFAYT
e 5 A4lo] HAAQE A dAT 35 24H= &
Hofl et ¥ ¥k AT o] o ARetste] UF9]
AM|atAl proteoglycan (anti-yeast substance; AYS)2 Gram
)¢ Rhanella aquatilis AY2000 o] JAtst= 1822}
EAM0]12A 1) BAAZ tigt SA - E3F 2) in vitro
o A1 <14 PBMC (human peripheral blood mononuclear
cells; hPBMC)ol| ti gt A=+ A E ¥h-3 € 3) in vivod]l
A 29 A A (bovine serum albumin; BSA)of| th3dt
FA YA Tk AYSS] SR A TE HESHI

A AEZZGAEY deto 2 A A A E(human
red blood cell; hRBC)o] thgt AYSS] &84 AlELE Muller
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AAY EA@Bml)E FHotL w2 F-§IA|(Nap-EDTA;
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MHAAA AT HA 96-well microplate?] Zt well
o] PBS (100 phE P2 & ¢4 3AE Al& AYS (100 W)E
A AR welle]] FYskar, 2 S T SFH (100 ) 3
sto] PBS (100 ul)7F 3-8 ZF wello] st GAE=
34 (500 ug/mlFel 2uj% A 5] A)st it GAE 2 54
H Z} wello]] PBS (100 u)E © H7Iet 3 A7]ofA 71agt
Hke} Zro] 243k RBC (20 u)E 7Fsto] ¥H3-(37°C, 24 h)
A)7]13L, 96-well microplates YAIEZ (A, 750 g, 3 min)
3 5 AZ(100 )& Aste] BOH/HCI (39/1) B
@m)E 745l T HE Fol BYE (398 nm)E ZHHY
‘:P ol RBCO] 3t hemolysis®] W55 42317 $4)
oA t2F(Hemolysis 0%y RBC (20 ul)ol] PBS (200 ul)
313, 24 2 (Hemolysis 100%)2 RBC (20 ul)
42200 W)E &3t A Rot FUT HHos &4
g 71202 A& gL B E AYL gulE o2 3
YAF o2 AT 1 A7 AYSE 500 pug/ml &
=71 A2stol= hRBC= A8 §EHA §Sith(Fig. 1).
EZH AYSo| tjg hPBMC®| ¥H3-2 Ciapetti 50| 7]&%
MTTH[38]o2 SA5tAtt. &, WA A7e 2429 A4
oA AL ini‘]?S‘]-—’ 0] @] heparin® 2 # # % Acuspin
tube®]] %71 & Ficoll-Hisopaque (Sigma)E ©]-&3}o] hPBMC
£ 233t o]9h= MER AYS (20 pg/m)E A £3813, A
Z % AYSE 96-well microplate2] & HA well (100 ul)o]
Y3 RPMI 1640 #jA| 2 2vj% HAE = 3|43t 1§
Z} wellol] 228 hPBMC (1 x 10° cells/wel)S ¥ 11, CO,
incubatorof| A B} % (37°C, 3-7 days)3lHA Hu|FH o= uj
= A EZ5 #Z(Magnification; 100)3}F %G th. o]d] AYSS
hPBMCe] t3t S5 &4-& hPBMCY] g3 o] ¥ E = 7}
Ao AYSY| 2 el g, tix 22 PHA (10 pg/
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Fig. 1. Hemolysis of hRBC by the AYS. Positive control was
expressed as hemolysis (0%) by hRBC (20 pl) treated in PBS
(200 ul), and negative control was expressed as hemolysis
(100%) by hRBC (20 ) treated in sterilized distilled water (200 ul).
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Fig. 2. Relative stimulating index of hPBMC by the AYS. Stim-
ulating Index was expressed by Asgo of stimulated cell/As4g of

unstimulated cell. Symbols: Proliferation of hPBMC treated with
AYS for 3 days (A), 5 days (B) and 7 days (C).
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71 A3} PHA7} 10 pg/ml2 A" hPBMCE sjoF 3d7t
A= HE7E JAR T v 5Yoll= 1774, vt T8l =
2.05817k2] N7} FA1E] 921, AYS7F 100 pg/ml ©]8t2
# 2] hPBMCY| 7 #-oll= 79 ¢t v el A Al2F4] o
U A ddo] A Ut A FtthFig. 2). TH AYSY
hPBMCe] i3t SHEAES S83 2= 3¢ 5 vk
oA SI=10 ug/ml, 74 viFelA SI=5 ug/mlx Vel
3, PHAS| &= 3% vigFellA SI=2.5 ug/ml, 543} 74
Hj kol A SI=1.25 ug/mlE et 9 oh(Table 1). kA
AYS+= hPBMC F4 9= 332 A AT, PHAE
hPBMC 2418 §%3514th. o] AYSS PHAE= hPBMCY
ek SHATE= FYSHA UEhAIRE, AYSE= hPBMCe] o
g FA AL gk HollA X7} sl

T3 AYS (20 pg/m)E A2 E hPBMCY] vjoFlS 3}
o] 4573 cytokine®] F-2 Bio-Plex system (Bio-redA})
o7 2Astgth 1 A1 IL-6= AYSY PHAES A
hPBMC7} u] %2 hPBMCo| H]3] <F 258 A== @& F
< Buag L, IFNyE AYSH PHAE’J 1] %} 2] hPBMCo]
Hlal) Zk2k oF 1.58) =& W g BH|A T ES TNF-
o+ PHAZ A2 ¥ hPBMCE ©]X 2 hPBMCo] B <F
324 A=, AYSZ g ¥ hPBMCE || A 2] hPBMCe] H]
3 oF 3] F= wol] Euagtt. ¢ IL-5= B A
hPBMCeA= AL EAo] =] ¥9kort, AYS A hPBMC
o) A& 0.03 pg/ml, PHA A& hPBMCo| AL 0.54 pg/ml=

Z cytokine®] B3] 3] AgFgro] £ E ¢l tH(Table 2).

Table 1. Agglutination activity of hPBMC treated with the AYS.

Incubation time Agglutination activity (ug/ml)

(day) AYS PHA
3 10.0 2.50
5 10.0 1.25
7 5.0 1.25

Agglutination of hPBMC treated with the AYS was observed
under the microscope during culture at 37°C. The agglutination
activity was expressed as the lowest concentration of the
AYS.

Table 2. Inflammatory cytokine by hPBMC treated with the AYS.

et © & IL-2, IFN-y¢} TNF-o0 A4-2 Thl Az} 33
5o} 9lo, IL-4, IL-59} IL-62] A& Th2 Al Eo} o3
o] vk & A U5 weEbd AYSE hPBMCE A=
alo] G238 cytokine, 3] IFN-y2] 27t N ZA HA

ol TFo] &S AL Qlol, AYSE AR dol=
=& alum®| 2AHL AEY Aoz 288 7HsAdE Al
AFstat glct.

A Wl A AYS7H FAAS frEdhs BEAZA 7}
A& #41317] 98] BALB/c B F ol &9 BSAZ AYSS
“"6}@] Bbo] 12 FA181a, 109 74 02 BSA ¥He
o FARE & AF G EAS AFste BE F BSAY
% TH-EAFAYELISA W) [1]02 St 1 2
HZAZ alum AHES BFF Bt AYSE BREA R
}o o AFTE] oA T BSA Aol B S7HE
(Fig. 3). 53] AYSE HZA|Z ARG A o)A A IgGet
IgG1 ¥ IgG2b9] &F BF7} alume HEAZ AR A
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Fig. 3. Production of BSA-specific total IgG, IgG1 and IgG2b
by the AYS. Groups of two male Balb/c mice were immunized
with BSA (100 pug) dissolved in saline containing alum (200 ug) or
AYS (100 or 200 ug). Sera were collected at 2 weeks after the last
immunization. BSA-specific total IgG, IgG1 and IgG2b antibodies
in the sera were measured by indirect ELISA as described in the
text. The values are presented as mean £ S.E. (n=5). Symbols:
BSAL; BSA (100 pg) with Alum (200 ug), BSAY1; BSA (100 nug)
with AYS (100 pg), BSAY2; BSA (100 pg) with AYS (200 ug).

Absorbance 405nm

Cytokine (pg/ml)

Treatment

IL-5 IFN-y TNF-o
None ND 265.60 + 65.26 33.38£7.02 1.30 £0.02
PHA 0.54 +0.06 6,912.60 + 302.06 51.44 £ 8.44 32.09+1.03
AYS 0.03+0.03 6,701.00 +474.16 50.24 £10.03 3.20+£0.27

The inflammatory cytokine was measured after hPBMC was cultured in RPMI medium for 24 h at 37°C. The AYS and PHA

was used 20 pg/ml, respectively.
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ol v A o S7HE A (Fig. 3).

AEHOZE AYSE in vitrod| A AE 1 W Lo A2
40U AlZFAE YA gged, ELE 3
How A3A A|EFLR AAHS fEstgich B3 AHE
o]-&3F BSAe| thgt FA| Ao A EEXAE alumn Erh
AYSE FoIgt AF o & BSAY o] B F7HE A

2 o

AA HIFAAZ && 7HeS =AY Y9 R
aquatilis AY2000 oo] WA= ozl ¢l AYSS| HeA|
2o gt 54 WIS} adE AT 1 Z3k AYS
£ HEo] gigt £82-83 hPBMCO] Uigt 4] == A}
Fa e e A ggted, vk < hPBMCE $3 A
71= &3E Yl =3 AYSE in vitrool Al hPBMC
o Z+g3te] F=A4 cytokine?l IL-6, IFN-y, TNF-02} IL-5
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