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The Effects of PSM on Immune Response

Young-Sun Oh, Min-Seok Oh, Chang-Kyu Son”, Chong-Kwan Cho”, Tae-won Song
Department of Oriental Rehabilitation Medicine and Internal Medicine?, Oriental Medical Hospital, Dagjon University

Objectives : This experimental study was carried out to evaluate the effects of PSM(Polysaccharide of mushroom) on the

Methods : The following were performed; Immunotoxicity testing for immunopathology, IgG production & LPS mitogen
response for humoral immunity, DTH, ConA mitogen response for cell-mediated immunity, and macrophage adherence &

Results : PSM showed a protective effect on cyclophosphamide-induced leukopenia, increased IgG production and
lymphoproliferative responses to LPS; inhanced DTH and lymphoproliferative response Con A; and activated macrophage

Conclusions : It is suggested that PSM can be used for cancer patients with immunosuppression and adapted to many other

Key Words: PSM(Polysaccharide of mushroom), LPS(lipopolysaccharide), ConA(concanavalin A), DTH(delayed type
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S 9 49 WA 799 PoMel W2 HAE 9% (@)

FE FAA A Thde |
o w13 ep.

o]l XV}" WAy 7% A F2
ocll-;;_};q. = EH/\}oguﬂ Ed%_x.o_E;ﬂo;_/\}_&
3tal 9+ PSM (polysaccharide of mushroom) 2]
A4 7\Ag AEs 494 235 FUsn
2} cyclophosphamide 2 A 7] WA H F ol Al
Qe W 471 9 Y5 FolA Ay
A% AT Welsol g AT Faldd 4ol
2HE AA7] ¢ Bash= vpojth

2 gt I ASE

M=

£ Ao AME AlEE tlddgte
A Pt ALgEgm ke AL 242
ZFo g olel Feo} Zrt.

2y 3 Zat

Exon J. H. 52] Immunotoxicity testing(economi-
cal multiple-assay approach)E 2F7F HEA|AA B A
& AT 82 o5 818 A radA] 65
Zol i CSTBLIG mouseS 731, 74 Fot 4
#4873 AN F AFo] 18g~22g Aol
mouseE A3 o APt SEAISAY =7
conventional system e 2 22+2 ¢, 195 12417+
200-300Lux 2 ZW3}3 124]7he &

0=
P i
doem 1A R FEEE FE] ¥

rlo

= 3 3
FAHA Ganoderma Lucidum 1
E2gre] wAl Hericium erinaceus 1
TEHA Coriolus versicolor 1
AAmAl Grifola frondosa 1
FauA Lentinus edodes 1
W7} B58%  Cordyceps militalis 1
A Polyporus umbellatus 1
el Al Pleurotus ostreatus 1
Total amount 8

g Ao ERAE 7R BE 7o HEo] 7Y
o}ﬂl dloj ThgE Zo] 4T o R 77} §nfely B
kAt

AR cyclophosphanude(CY) o8 KA
%1 PSME Fo8hr| g2

AZRT CY(300mg/kg)§ +2A7) & PSME &
oA g o

AHPTA: CY(300mg/kg) S8 A7) T PSM
< S0mg/ked] TEE FAAG T

ASEFB: CY(300mg/kg) 02 A7 & PSM

£ 500mg/kgs] T2 F93 7

PSM2 A8 MAILFE 2083t AFFAe 1
cyclophophamide= Ae| X G52 .441 3ted 300mg/ke
o] & AR TYA He ol BTG S
3 AHoZHE] A& Ayl meantstandard error

2 7)2sgon, §oA 722 Student s t-test B4
BUE ol 5310 2RAR.

1) ZEHBo| olxlE FY
AZAA 19 FE 10,208 He ol
A&A B2 P o] WekE S aG o), hepar

-in % 2] ¥ capillary tube(Chase Scientific Glass Ins.)&
CSTBLIG v}$-229) Fhshguge) 2287 44
3l A ¥ sted HEMAVET(CDC Technoligies,
US.A)E o] §5to] 75E FASFATHTable 1).

2) IgG MHdsof| ojxls &
Cyclophosphamideoﬂ ogj A H2= mousedd
@542 5l ol el 34 22 3 1
= -—7§ 399 = PSMS gk 2 6d¥ 14U
KLHZ 0.3mg® mouse?] %—Oﬂ SCE FAI3 & A8
Zgdd ANdsled A& Exon J. H. 9 indirect
enzyme-linked immunosorbent assay(ELISAYE? 0 &
27 314 tHTable 2).

3) LPS mitogen response
C57BL/6 P}-25 o€ 2 vl g T v3E w)o

W AESo] EFAAA & F 1,200rpme 2 SE ¢

47



(48)  Waate)atalA) A22A ﬂhg(zoom 34l)

Table 1. The Effect of PSM on CBC Count in Peripheral Blood

CBC Group Day 1 Day 10 Day 20
Normal 6.66+£0.98* 14.1+2.05 15.20%1.27
N Control 6.34+0.40 4.90+0.87 15.55+1.68
WBC (107440) PSM 50mg 6.74+0.77 6.251+0.841 15.33+2.86"
PSM 500mg 6.85+0.70 6.741+147 15.3743.39
Normal 12.20+041 11.20+0.32 10.57+0.20
Control 12.73+£0.27 9.02+045 1043£1.23
RBC (10744) PSM 50ng 11.891.02 8.81£0.65 9971074
PSM 500mg 12.23+0.56 9.1340.55 9.79t1.34
Normal 935.8+87.87 817.1+£1754 962.01+55.40
. Control 858141942 505.4=x1122 528.5+109.9
Platelet (1044) PSM 50ng 832941455 646.0+ 160.6 542.9+78.10
PSM 500mg 873441282 683.0£226.71 619911849
Values are represented as Mean = SE(Standard Error)
': P<0.05, ' : P<0.01 (Statistically significant as compared with control group)
Table 2. The Effect of PSM on IgG Production
Group (8 mice per group) Normal Control PSM 50mg PSM 500mg
O. D(Optical Density) 090+ 0.58+ 0.80x 087+
01.69" 0.059 0.123' 0.071"
* Values are represented as Mean -+ SE(Standard Error)
' P<0.001(Statistically significant as compared with control group)
Table 3. The Effect of PSM on B Cell Proliferation
CPM
Group
Control PSM Sug PSM 50ug PSM 500ug
LPS 1lug 86401 £1957* 147428 +21196" 84588+ 10655 41257+2635
LPS 10ug 926284878 144012 +217891 132186+ 168851 6803319273
* Values are represented as Mean % SE(Standard Error)
': P<0.05(Statistically significant as compared with control group)
AEeeta 0.83% NHaCle Yol A8 &FA AlsS 348U th(Table 3).
PBSE 2¥H A3 RPMI-1640(10% FBS, 100U/m!
penicillin, 100ug/m! streptomicin) .2 1x 107cell/mi ©] 4) DTHof o|x|= &g
& 2334} 96 well plateol] 100x42] B34 3ml €] freund s complete adjuvant(FCA)<} 3ml 2] A4
FEL(aEY 6well) €31 PSMEAZEEXE Sug/mil, 50 2jald o =9l 1.5mg] bovine serum albumin

ug/ml, 500ug/m)¥} LPS(HE%5 % lug/ml, 10ue/m)E  (BSA)S emulsifiedd}e] FE

2] 720 0.1mA

50 7)¥eke] 48A17F =<t 37C, 5% CO: incubator (100ug2] BSA) mouse] #aZ S rd%} =

oA wjerstach wloF & luCifwelle] [H)-thymi-

o

olo

N
Nl

o BA7 1 ARAZ ThS, scintillating vialo] 2 Act. 24
o

Azt
T Zte|d &N G 2mA 7}Ete] P-counter® 11 ¥

™
e
rN

THA] 7L 3(AE 149 Aol 2%2] BSAE

dine & A7}18lad 37T, 5% CO: incubatoro) A 18417 3] 2AA)Z] & 5044 moused} 9 2% %H}Qoﬂ

ujokgl & cell harvesterS ©]4-3la] glass fiber filter  FAS dtm 22 ] A 2 Y% FAls}

7t Zoj) digital micrometer® gujghel F
SEZ TN 4% FAE
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Table 4. The Effect of PSM on Delayed Type Hypersensitivity

949 HAGRA R 749 PSMe Bz nlxe 9% (49)

Thickness of Footpad(mm)
Group
Normal Control PSM 50ug PSM 500ug
Lt footpad 3.15+0.14* 2.52+0.09 2.70+0.12 3.03+0.07
Rt footpad 2.0840.11 2.12+0.06 2.07£0.07 2.25+0.10
Lt-Rt 1.084+0.21 0.41+0.10 0.63+0.121 0.79+0.12*
Lt footpad : Injected with BSA in N.S.
Rt footpad : Injected with N.S only
* Values are represented as Mean =+ SE(Standard Error)
' P<0.01, * : P<0.001 (Statistically significant as compared with control group)
Table 5. The Effect of PSM on T Cell Proliferation
CPM
Group
Control PSM Sug PSM 50ug PSM 500ug
ConA lug 9283+975% 14730£4.99 20600+3593" 1090014963
ConA 5Sug 82531362 21853+5646" 15986 +4519 18926+2888"

* Values are represented as Mean+SE(Standard Error)
': P<0.05(Statistically significant as compared with control group)

Table 6. The Effect of PSM on Macrophage Adherence

Table 7. The Effect of PSM on Macrophage Phagocytosis

The number of Adherented Cell

Group
Control

79.3+7.20%

PSM 10ug  PSM 100ug
127.7+9.46" 224242491

Macrophage

* Values are represented as Mean + SE(Standard Error)
': P<0.001 (Statistically significant as compared with control group)

CONTROL PSM 10zg/ml PSM 100zg/ml

Fig. 1. The effect of PSM on macrophage adherence.

2 controlit ¥ ¥ Wate] B4 A 2] 8} thHTable 4).

5) Con A mitogen response
C57BL/6 wh-$-2 10l & olH2 w33 & vy
A7 F7olA $41& wolu] LPS mitogen respon

The number of Phagocytized one
Group in 500 Cells

Control PSM 10ug PSM 100ug

Macrophage(%) 375+£75%(75) 450%70%(90) 460+92%(92)

* Values are represented as Mean + SE(Standard Error)
': P<0.0! (Statistically significant as compared with control group)

CONTROL

PSM10ug/ml  PSM 100ug/ml

Fig. 2. The effect of PSM on macrophage phagocytosis.

se2] Wl =A35}A 96 well platec] 1002] F2
A ZES(1 X 10cell/well) B3 712+ 6 wellS PSM
(AZ%= Sug/nl, SOug/ml, 500ug/m)} ConA(H 2%
5 lug/ml, 10ug/mD)E 504 7}8ked 48A17F =<t 37
T, 5% CO: incubatorol] 4] Wl eFslsich. vl 1uCY/
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well®) [H]-thymidineS H7}8l] 377, 5% CO:
incubatorel| 4] 18A]7F Wi Qk3E 3 cell harvesterE ©]&
3to] glass fiber filtero] A7) 1 74217 €L
scintillating vialol| ¥-& & Z}6|d &H& 2 7}3}
o} f-counterZ 1 ¥Al%-& 7 5}% tH(Table 5).

6) 52 macrophage?| #3251} EAl5

CSTBL/6 w}-¢-2 3ulE] & o] 2 ul3], WdAl7| o
A7+ D-PBS 5n S Yol 1583 & ghalx g &
EZAEE 3)5atd 1,200 pmo2 1087 948
23l 0.83% NHaCIZ2 AETLE LA
PBSZ ¢ ©] Atk AZEE 5x10°cellVmic] =
=5 233 de dgol Z330W 50m! conical tube
o 4.5m% VYol Y1 PSMEZ % 10ug/nl, 100
ug/ml)& 7Fet3l controlit& WA E 7isle] 3087t
&5l Zo} F3kth o] & 60mm petridisho] Smi¥ £
3k & 4A1ZF B3t 37T, 5% CO: incubatoro]] Hjj %k
P oS 37C9] PBSE 23] HlojA RAEA] ok B
A EZ W21 inverted microscope(4008)) 2. A 3=
& AUEE 23 sted R23E macrophageE 3W
Aol 2 P& Fant £ o] MEES o) &
sto] 1gGel i/l A5 S S IH e, 1A%
S Alx ¢ dishol rabbit anti-SRBC IgGE coatingA)
1 SRBCE 7}8)A macrophage?] ©4]%& olr
<o 2583 ¥HeAl7] 1 ©hA) 37Ce PBSE 23]
Aolx Fatg]z] e AYTES AASt Bas
o Bt 2L oz RaEo gle 300749
macrophage Zol|4] AYFE 37) o] g4 AY
gaFd MEE Alojd 1 BESS PR
(Table 6-7, Fig. 1-2).
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Sl mabr AdA ¥ (innate immunity) 3} &=
3 ™ 9 (acquired immunity) © 2 V70, 354 AY
< 9 gAd gElA FAHe MY A
(humoral immunity)3} F2 T )& o] 2o
Ae MEAY H4(cell-mediated immunity) 0.2 L5
g & Arh. A7 W3y Sl oy e wd%
B2 AWE AR A% 718A 22t Hol ¢

o, AA % HWIZA(immune surveilance) FA <
S| 5ef welzioh} vlolzl £, /145 § #at ohfet
o] A AR #HE wWold AT AA F
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Pl e she] o] o) o] 91A 29 FE
Hoe ol & odistAY AASUA Zate ER
o 9l & A3l B2 9B o] Fguul o}
ek & el A 2AE] deirz 2 A9
o2 WAoo A& sl <k - BIRAER
>hof] HEASERE BRIEZ B 3, <BEES A
T MZE BRI HIRERED 2 st X4
YR o7 U] g Bel AL FAUCk EI B
% ozl kB Ao} Ao 2SN 744 ]
Bo2 dugle WA BAE she A8 93
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aEet ASEe Fxloly 2dd #AHE et

|

= dF B2 A7l Yo gton, I
G e UL HAFAA 353 dgF By v
GE FAMAIN T Wy B g mapost 9l
o A ghedl 1 F e sAK &l Hela
Al FEol vlAl e Gl tdted, & Fome Taw4l,
TEH A, A v, ol Ae] et el #ald,



&4 9 49 AgRAZ

T T BA, FEol, MeiAle] WAl B
sto, e SaBEuUE Aol S-1809 oigh &%
e B¢ A7t Hasa giok

2 4gd Z4ed WAe AuEd eeiAl
FEHAE sEe| ol &atn g, FolAlol, T°r
Bo), 35 544 4] £¥3t=d d22HES
o] gatx 9ol YT WAl oﬂu}_rm %
2ol £37F vka @A Aok 2 Hof &3he
EaAE 87 2 2EHE T8 25 *él‘%Ol
Qo] FAEgS AgetA sto] n¥Go
3} ool E37} 9low 53] e 2434
3 g 3 wASAEA ol °l Ao}t
AT =Tl HAT AL DFE
o &3t g, FotAlol, 4, Ful 52] ol
€ 44, g or e 2ojx Qs FA A
UFEHAE BE2Xdd &30 b=, oA 0}01]
Bl GRS G, PR, B, G0, R, 1HR,
TR, SRS So] 33, A #H -2 o) mgol
& FEEA HEH O A 2y *F‘LE]“'
Jon, FFixrE 2% o 7|8 1 i
o4 ALAZL e AT HE, 71%0}—
ZFol whet g olgoE Een ¥, F¢ &
o] &4 urYel| mat WX Go R ol n
1= g, 2ol Rl E o] &g AT Aol
WEEol w7t A5dez AL Uk

oli}e] A|RER —T’-/‘;}% PSM(polysaccharide of
mushroom)?] A¥A ZAEL thF3} ZohEY
A A9l cyclophophamide(300mg/kg) S E-7H) -‘,E—Oi 8}
o FLERS il 5 U¥7\zﬂoﬂ)\1-,] Hals
3t A3 WBCE PSM 50ng, 500 mg 5 iLoﬂxi 10
Asfo 6.25+0.84(10% ), 6.74+1.47(10% ) 2 }Ed
1} control 9] 4.90+0.87(10%40),5] & 64 9]
A(P<0.05) Z7}31% 1, RBCS Hbe A& Fol| 9}
of HthE W3lE Holz| ¥ston, A2 PSM
500mg o] Zo|A] 102} 683.04226.7(10°7 )2
e} control 2] 505.4+112.2(103/d),0] B]3] &
24 A=(P<0.05) A2HAAA} A HAG
(Tablel).
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749 PSMY w2z nHe 9% GD

A PSMO] A B AHo) v A= & i
£ KLHE ZZA7] & A" IgG%E Indirect

enzyme-linked immunosorbent assay (ELISA)tg—,% o]
83t 374 3lA=tl PSM 50mg, 500 mg F-of T A]
= 0.80+0.123(0.D), 0.87+0.071(0.D)=. control 7
©] 0.58%0.059(0.D)ol| H]3|A - f-o4 A
(P<0.001) 3A o] AF5g fEete AR Vet
J(Table 2), PSMo| RN T 53] BUHF9] F2
o A ulxE 93-S AEs] E 1 LPS mitogen
10ugY} o] Eo] & 3H-Thymidine uptake assay S -2
B3] 248k A PSM Sug, S0ug T3] 144012
+21789, 132186+ 168852 LPS 10ugt Fof 3
controls2] 92628 +48789) W3] ¥lmA §9A4 <
E(P<0.05) 27} 50| Jeldti(Table 3). =8 PSMe]
A XA B vlA= &3 F delayed-type hypersen
-sitivity(DTH)) ti gt 315 A& A3 BSAE F
o3k mouse?] ¢ EZ3 YZo] wule £ s}
PSM 350mg, 500mg 3+ 0.63+0.12(mm), 0.79+
0.12(mm)Z CYEW #9498 AAA|Z] control 72
0.4140.10(mm)o] ¥ 3t &2 4 9 =(P<0.01,
P<0.001) 99 & x77} 1) 1(Table 4), Con A
mitogen responsed]| A = PSM Sug, 501 FH o]
2185315646, 15986 +4519=. Con A S5ug?t S 3t
control 2] 8253+1362¢] Hl3] 43 FJXUE
(P<0.05) A3E0] YeldthTable 5). o] 49 d#E
< PSMo| AAdHGT AEAHHAA o] HY3F
5ol dtte AL QA= R Alsdr

7} macophageo] ek &3} £ £7} macrophage
o Ranol Ud Eae o2 Aew oA e
control ¢} 79.3+7.20 2.t} PSME 10ug, 100ug &
A F) A 127.7+9.46, 2242+2498 VERL} #A 3]

T UA(P< 0.001) T7E F2AFE B FH2
(Table 6, Fig. 1), Rabbit anti-SRBC IgG w7} 4 &2
ol e Aol A obF A= 1A %-& control
oM o 75% F =e] F4 &5 UERd Aol vl3)
A1 PSM 10ug, 100ug ool X = 224 90%2F 92%
BAEE FAste] wlf fod AAIP<0.01) S4E
Bhal=9 W o] 29 tH(Table 7, Fig. 2).
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o) 4e) 23 ZT) 2 PSME Ay
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Zt8-o|1} APC(antigen-presenting cel) 4] 713
3} macrophage?] 7|5 % FAIUA =7A71
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