oFstslA] A 43 W A 5 & 635~641(1999)
Yakhak Hoesi Vol. 43, No. 5

MM ZANZFE 228t 8 THYCiEE|
Lepidan 2| M &7} &&

Aw g QA
rgrygol Ay sl opeped B, P el oot ofsiey e
(Received August 13, 1999)

Enhancement of Immune Responses by a Water Soluble
Proteoglycan, Lepidan from Lentinus lepideus
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Abstract — In this study, we investigated the immunopotent activities of lepidan, a water soluble pro-
teoglycan from Lentinus lepideus. To examine whether lepidan may affect nonspecific immune responses,
we determined the effect on the production of nitric oxide (NO). Lepidan effectively increased the NO pro-
duction in IFN-y and LPS triggered RAW 264.7 cells. To further demonstrate the evidence that lepidan acti-
vates various immune cells, we determined the alkaline phosphatase activity, plaque-forming cell number
and secretion of interleukine-4 (IL-4) and granulocyte/macrophage-colony stimulating factor (GM-CSF)
after lepidan treatment in murine splenocytes. The results showed that lepidan increased alkaline phos-
phatase activity and the number of plaque-forming cells, which indicates that lepidan can lead B lym-
phocytes to late stage of differentiation. Also, when the splenocytes were cultured with lepidan for 48 hr,
the level of IL-4 and GM-CSF in the supernatant dramatically increased. Taken together, these data sug-
gest that lepidan is a biological response modulator that is able to activate immune responses.
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A 3 vlojgiAz AR AXL W EwE A
IEY) AE 192 g A killer cell2 3F
o &) & A3E54d(antibody dependent ceflular
cytotoxicityys Uo71A sfof <% e dlE] Fa
3 Wo] 2heg Bt T duoe AT Wl o
o g Rl At 238 A sl 7|
o THIH B 7% rlojeel] 7R Al
2 FESl tBte] 1 7IsE HEeith

G2t ol 9Jgk WF7E &3 Yashiyuki §
o) Grifola frondosaZ5-E] 2% (1—-3)-D-glucan?]
grifolans: thAlAze] M2l cialAEz7t 43S
S o) FH)E= IL-6, IL-1 B TNFoast 22 ARIE
71919 FFo) F7MES Rusilen? A &
Wk A7 HE T Q3= lentinanS ARIETRRIS)
EOlRE W AAMZEY AelEFile) tigt vk
S Z7TINY in vitrood SRR AL S wopA)
ofli= IL-19} IL-69) #ujr} S7hge)] Aduigel” w4
GARFERE B Yubyel dist Aol A
9] ¥#lt Yadomae ol 23| A7 wHFgoH
Peziza vesiculosaZ7E] ¥ vesiculogen®] B Al
X2 DNA 39S 48 rlohe) wekdg1, &
2Eo] tiste] S8R A AES] 75 S AR
& ERIEIEEA B dakt 4 2 EEje) ZEsta
AES HEGY erg B dreMe diiAE
ql dupte] B3} A xel gt lepidan®) FE-S =
ARtz Al We] et 285 Paisith
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CHAMIZES] 2f#t Nitric oxide M40l OlXl= ¥

sl iAo} Fulshke o= A nitric
oxide] Aol w1 HIE otr7] 213 Tayeh
S whel whe} wlg Wl 7]91e) RAW
264.7 cell line ©]43}4] nitric oxide2] A% W
st5 FAsIGch Aok W AEZE RAW 2647,
recombinant mouse interferon-gamma(IFN-y), Griess
reagent, sodium nitrite(Sigma Chem. Co., U.S.A),
lipopolysaccharide(LPS, Gibco Co., US.A)) PBS (pH
7.2), 10% FBS #7} Dulbeco's modified Eagle's
medium (DMEM), 24-well plate(Falcon Co., U.S.A)
3} ELISA titer plateNunclone, Denmark)E A}§-
shivh, Mok dishol] vkt RAW 264.7 A|E

£ 1% trypsin(Gibco)2 2 Azldto] mlojdll & serum
free DMEM2.. 300x gol|X 587k 33) 94382 Al
A 3 29X 10% cellymiZ F431] 24-well plateo]]
ET3I900E. PBS 20wl % 57 INF-y 10 U/,
[FN-y 10 U/miet LPS 1pug/ml, lepidan 50, 100 pg/
m/@} IFN-y 10U/ml ¥ LPS 1ugmp] H5s &g
Hrvslod 4xI3 F9F 37°C, 5% CO, Hjek7lolAd ul
A3 F, 10%7} H5= FBSE F7Iski 37°C, 5%
CO, vid7]olA] 48275 HieFEFATE, 400% gollA]
3047F AEEste] Aol 100w W F 3k
ELISA titer plate®] &%) ¥ 100w Griess reagent
E Y1 10337 A4 9=]e% ELISA reader
(Flow Lab., UK)ZE ARE3}] 540 pmelld] SHES
ZA5F1L sodium nitrite®] HPFACE FE nitric
oxide®] THAFAQ) nitrite?] FEZ AXSIAIH

HIEL HAYMZO ThEt EHE

MHEE - C3H A87(20~25 g H) Heuista
FEARECoRRE Plsidles £ AlsGiekh
= AlgtstA] @kt

Alkaline phosphatase activity2| &% - #3l5l B
Jurrol A BHE ¥ alkaline phosphataseS Ohno'®
9] Wil wel AAEIGIcE Aok 9l Al EE 10%
FBS #7} RPMI 1640 M3 #jeFg vix], tissue
culture 24-well plate, lipopolysaccharide, lymphocyte
separation medium(Nycomed Pharma., Norway), p-
nitrophenylphosphate in 50 mM sodium carbonate
buffer= 50 mM NaHCO; €9 50 miel A9 0.1N
NaOH &9} 76 mis 718 & & ©o]&55 100 m7}
Z WY A 9= 50mM sodium carbonate buffer
(pH 9.0) €%} mId p-nitrophenyl phosphate 0.1
mg % MgCLE 10°M HEE 7slo] 712 g0
2 ARgslsich, ok ®argh uielgto] 1) splenocyte
(C3H, 8, 2025 )% ¥l ¥ 1x10°cellymi= -
3t § 24 well plateo] welld 1m/¥ 530
lepidan 50, 200, 500 % LPS 50 ugm/9 FE=
7ketel HF HU7b 2 mlo] %S SRk 37°C,
5% CO, vljek7|ofl] 48417k wljoket & 2000 rpm
oAl 10%3F dAFeste] AR NS B W
MEZ HE°| p-nitrophenyl phosphate in 50 mM
sodium carbonate buffer 1miS 73t thg 37°Cel
A 1M FQE 91z WHe) 0.3 N NaOH £<t
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500 piZ 71510 jEg-& FAAIR ¥ 405 nmellX S8
T2 2433109 B U379 alkaline phosphatase
e o2 2o uet AL

Alkaline phosphatase activity:
p-nitrophenol(mol/10° lymphocytes/60 mins)=1.15 X
0D at 405nm

HIEME S-34=0| cytokine & S5

A. ELISAO| 2|8t mIL-49| &Y - n|ZAF i
o Fo] vheA IL49 AL vl ELISA IL4
Kit(Endogen, US.A)YE AREsle] AAERI A7)l
A} e Wb o C3HPR-A9] AR FFE
Azd ¥ HEEE7T 500 ugmlo] H5= lepidans
Agsha 1, 28 Foll 2 A 100 W Hatod
I RGAFo IL-45 233k Ag(l-4pe) v
coating’®l 96-well platec]] reagentZ 50 WE 7Hst
F M9 standarde} ol FHIFH S-S 50 WA
7¥a1%itt. 37°C, CO, Bi71olAl 2AIRHERE Bl
oy thA] 53] MFete] & ¥ vig) zzd TMB
substrate 8N 7Hzbe) wellell 7haloi AR2(20~

25°C), $Aslol A 302}t HhSSle] WASIES &t
ek 21719 wellel] stop £4& 7FeloiM WS F
&

ZAAIZ1E ELISA readers ©]83103 550 nmollA &
FEE SHsAT.

B. ELISAO 2{#f mGM-CSF2| &% - ulgAx
Boolzol uphe- GM-CSFY 548 vlg-~ ELISA
GM-CSF Kit(Endogen, USAYE ARg3lo] AABHA
o} AA7jolMel 22 W oR AL el A
Z8E HAFFE7) 200, 500 ug/mic] = lepidan
S A=gt F 1, 29 Fell 2 AEAE 100wy F
sto} 1 HHAE9 GM-CSFE& ZA3H3lth Ag
(GM-CSF)] uld] coating ¥ 96-well plate®] 17}
9] wellell reagent® 50w 71et ¥ 8]AF standard
o} ffelM Enlek Asds 50w FRiith 37°C,
CO, HieF7lolA] 221 7k5<t wieksloltt. tha] 53] Al
Mgk 3 olg] A3E TMB substrate -£0& Z}7}2]
well o] 7Fsloir] AF(20~25°C), ¢Halstollr 30%
T4 ujokslo] WAlEleE BI3ith. 2472] wellell stop
Folg 71sloiA whg-& FAAIZ F ELISA £ ol
alod 550 nmel M FHEE FGskalt)
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ofA0] S8HN HAMMEF(Plague-forming cell,
PFC) 2| &3

B dule] ®¥3lsEs AMsh] dlste] w4
& (sheep red blood cel)oll thst FAYEE
Cunningham'® 5] Wh§& 7laksiod AAssich 4
LB 45539 C3H n-2(8, 20~25 90 &
7, lepidang 5% FUAEFEOE WHEglom A
it el ARESIITE AleF W Alg= PBS
(pH 7.2) lymphocyte seperation medium, DEAE
dextran(Sigma Chemical Co., US.A.) Bacto agar
(Difco Co,. US.A), Alsever's 2942 glucose 20.5
g NaCl 42g ¥ sodium citrate 8.0g% 3% o7
100 84 & o33H0.45 um Green Cross
Manufacture Co. Korea)st3ith, HoF43 7 (SRBC,
Korea Media, Korear= 24 ARSI &
2ko) Alsever's &N(pH 6.1y2 715t 4°Coll BE3]
A 7Y ojule] Zg AREAKel PBSEH R 33
A28ttt Guinea pig complement(Sigma), tissue
culture plate(100 mm, Nunc Co., Germany) micro-
scopic cover glass(4.5X50 mm, Fisher Co., USA)
S ARgEIITh Al ARlASE, AlE ol
of = lepidan 50 mg/kg/days 1 131¥ 57t <14
E7; Folgiinh. HEFAR FojdRRE 7Y 5o
1 x10” SRBC & B7hje] Fof, A AT v]3A4|
589 Az C3HN-AE ATl ojst
o] AARAZL F Bl FHE EFAE lymphocyte
seperation medium @2 7oA el ol Helsiel 1
%107 cells/ml® #3813tk 50% SRBCE A%
Alsever's &o]| &%l SRBCE PBS €07 33
ANA) ek 50% SRBC7F H5E PBSEel H+
AZth AgargNe) H|Z= PBSEN] 05% agars}
0.05% dextran®| F|5% 71slo] eFds] =l F- 47°C
of FAIAZITH HiekER e AFzAl 50% SRBC *
H 251, complement 25, agar £ 350 We}
HAAE g 150 p(1X 107 cellymDs FHA) &8
3l 32 tissue culture plateoll &3l 150 walS 7F
3F11 microscopic cover glasss Rt} 4719 agar
plate & 37°C, 5% CO, Hl7)olA 4A)7F wioks
AAE 28 XA E (plaque-forming cell, PFC)F
2 EAslen 100809 vIFAE F 8% ¥4
AEF(PFC/10° cellsys thr2lefl whet Atatsivt.,
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PFC/A0° spleen cells=Nx10° C.Vm.A
PFC/total spleen cells=(PFC/10° spleen cells)*
CXVy10°

A :150(Volume of spleen cell suspension)/550
(Volume of total mixture)

N  :Number of plaques observed in one cover
glass

C :Count of spleen cells in 1 m/ of spleen
cell suspension

Vm :Volume of mixture filled into one cover

glass (m/)

Vt :Volume of total spleen cell suspension ()

LB nt -

LT Al

YA A E7}F nitric oxidE AAASHEHE W=
helper T J3FT+25E Fste IFN-yll 23]
priming ¥ I¥2/d MlwollA Fel® LPSel olst
o] triggering Hook itk R ot vpe o
T 71909 RAW 2647 A ZFE ©o]g43te nitric
oxid®) XA WIS I tARAR] nitrite?] FEE
24898 W IFN-y 10 Um/ & A2Pe ue
iz 2jold HolA elokow, IFN-y 10 U/miet
LPS 1pgmis 37 Hejgt 7ol ojwrt 114 4
%, lepidans ©|o} A A&k Z-9ol nitric oxide
Hojgke] 1 2v) A% FUEAtHFig 1). ol&
lepidan®] eiAAMZ] EAsle] 23 BT 5 s
S EhIE NO 84 &4 inducible nitric oxide
synthase(i-NOS)®] #-& Z8sh= TR REolE NF-
kB A% 5-917F EA45 i-NOS o NS 2R
= AL olu] & dedA Qi oju) E AAefA
lepidan®] BgAIEe] thsle] FAFFZRge] qlor
I F FE 93 ¥E= A¥rE B duslen O
2-g-2 NExBeF 22 AALZEAxte] &Adsle] gt
29S¢ vkl v 9ok J72EE lepidanc] 23k B ¢
- 243} 2H8-S UE)Y) figle] ukt 23] Al
B¥EHe| w4 == alkaline phosphatase 848 &
A8k A1} lepidan 50 pgmiS] FLolA thEzatel H]
8 1 gAde] oF 10 W} FRsIN e Fddhadl
LPS & 50 ug/mie) FTolA oF 5ule] 7V e
Wit} Alkaline phosphatase(Apase= B A|3Eef ol
Bk} E0)2Q) MEEIRIAE HelsidlE d B A%
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Fig. 1 —Effects of lepidan on nitrite production in RAW 264.7
cells. Macrophages were stimulated with TFN-y (10
U/ml) alone, IFN-y+LPS (1 pg/m/) in the presence
(50 ug/ml; 4, 100 pg/ml; 5) or absence of lepidan. Stable
metabolite of nitrite in the medium was measured by the
Griess reagent. *, indicates p<0.05 compared with
IFN-y alone. Values are mean*standard error of triple
determinations.

9] 2 AxE vepbs AEH] 34| (membrane
marker)®. LU FHATE o] Apase®] EAlE= B Jabt
o] Falel vl UigshAl ##Eo] Qo] B uhre
thymidine uptake®] FHix] Fof Ydo] 7} F&
oz A ok F, B Ao SRS FX
3l A= (A8 B Sabmonella thyphimurium
mitogen) Apase®] L&-S F7MAZ = QIvh= Hurt
AT} 17 mE|E ' Apase= MEQ) B3FHE LER=
B 9u1e) 7] ¥4k & 5 Uvk(Table D). =3
in vivool FANEY WY AEE ZA8P] Y51
plaque-forming cell assayS HA815S w) thzatol
Wiz} 48f AE plaque FAJOl FT7REle] iR
(Table IN). 781272 lepidanS B Yulyteof disje] ¥
315 Fdsiy FAS WAske FAUANEES] s
TR AS & 5 Aok BPAE el
EAsR= £ ARIEFRICRA IL-48 FA3IeH|
IL-4= B 939 A%, 3t 9 F4lxjeln] 4
Falo] HrAoln jsotype AE 7184l thEte]
2hga= Ighe) 2 9 Ig G&] 84S FHdse A
o7 AHAT Ao MEY Wdo] Poloks g
7o) wEAa Uk [L4i= BASHE Th2ellA
s ARlETRICZ FX)7] A T AxZE &
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Table I - Effect of lepidan on the alkaline phosphatase activity
of C3H murine spleen cells

Grou Dose En.zyjme Sti.mulation
P {(ug/mi) activity" index”
Control — 0.10 £ 0.1 1.00
LPS 50 1.04 £ 0.11 104
ConA 2 0.29 £ 0.03 2.9
lepidan 50 0.42 £ 0.05 4.2
200 0.66 = 0,11 6.6
500 1.36 = 0.04 13.6

" p-Nitrophenol pmol/l X 10° lymphocytes/60 min=1.15 X O.D.
at 405 mm.
Results are means * S. E from three independent experiments
Enzyme activity of treated group
Enzyme activity of control group

2 Stimulation index =

Table IT — Effect of lepidan on the hemolytic plaque-forming
cells in the spleen of normal C3H mice immunized

with SRBC
Control group  Treated group
Spleen index” 1.00 124
Spleen cells + +
a < 109 324+ 270 35.8 £ 3.10
PFC/total spleen cells P— + ik
a x 10% 335 + 240 134.9 + 5.20
Stimulaton index 1.00 4.06

R Spleen index=
Spleen weight/body weight of treated mice
Spleen weight/body weight of control mice

¥ Stimulation index=
PFC of total spleen cells in treated group
PFC of total spleen cells in control group

** P<0.05 (Student's t-test)

Sl MESA T i 28sh=d 7loista 7]
£ T Y7ol thsled:= perforin BAES A5A)7)
1 JE7R] B3} M|E (Lymphokine-activated killer:
LAKYE A58l M 8% ysisyS F7HA71ed
Holehs &, 1 @A B, T a2 oy Aa
A7HA] o2& vhokst Fele] AdMEe] At BilE
FANIE AR LeR Aok 5x10° cellymi?)
BPMEE lepidan 500 pg/miE H2lst & 48K 7HF
e} L4 FE25 F4% A7) 143 pg/mio)3l oM (Fig.
2) ¥Y 2d2z2 AHEst wjddFe GM-CSF
(Granulocyte  Macrophage-Colony Stimulating factor)
9] 9k& 101 pg/mATHFig. 3). IL-48 7 2n)st
© ME7T CD4* helper T ¢Iob = 2x7|7o]
T YUo74E AZFPA lepidane] 28 T Yttoll
th3t lepidan®] 28 m3t ko R o US| Al
olobh AR wh=th ST W o)A AE D)9
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Fig. 2 — Effect of lepidan on the secretion of IL-4. The level of
IL-4 in the supernatant of cultured murine splenocytes
was detected by ELISA kit (Endogen. Inc) after
treatment of lepidan (500 jLg/m!) for 24 hr and 48 hr,
respectively. Values are the mean#standard error of
triple determinations.
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Fig. 3 - Effect of lepidan on the secretion of GM-CSE The level
of GM-CSF in the supernatant of cultured murine
splenocytes were detected by ELISA kit (Endogen.
Inc.) after treatment of lepidan for 24 hr and 48 hr,
respectively. Values are the meantstandard error of
triple determinations.

GUY iAAES] S0 Bosh= GM-CSF) #1)
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ZHE2] NF«B Aol 25l 843} Ho) ez
AUOHE ol lepidancl] 23t NF-xB ¥4<] 244
Az AZET gArRe e o geinigy)
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