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Immuno-modulatory and Anti-carcinogenic Property of
Cordyceps militaris and Paecilomyces japonicus

Han Sol Jung, Jin Kwon', Tae Gyu Lee’, Kwang Gyu Lee, Chan Ho Oh™

College of Oriental medicine, Woosuk University, | Department of Health Administration, Kunjang College,
2. Division of Food Nutrition and Engineering, Woosuk University, 3. Division of Biotechnology, Woosuk University

The purpose of this research was to investigate the immuno-modulatory effect and anti-carcinogenic property of
Cordyceps militaris(CM) and/or Paecilomyces japonicus (PJ). The proliferation of cultured splenocytes and thymocytes
were enhanced by the addition of 10 xg/mi of CM andfor PJ. B lymphocytes subpopulation in splenocytes were
increased both CM andjor PJ administered(p.o. for 7 days)-mice. Thymic T lymphocytes, especially TH cells were
significantly increased in CM-administered mice. CM andfor PJ treatment inhibited the cell viability of L1210 mouse
leukemia and HLB0 human leukemia cells and induced the apoptosis of L1210 and HL60 cells. In addition, CM andjor
PJ increased the hemaggutination(HA) titer against $RBC. These results suggest that CM andfor PJ have an

immuno-modulatory action and anti-carcinogenic property.

Key words : Cordyceps militaris, Paecilomyces japonicus, splenocyte, thymocyte, L1210 cell, HL60 cell.
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= 3o AR BF = BALB/AE SHBFY, 20+2 g)
g SHIEEE(F)0IM TUGIA] AIBRICoH, Al 8% 2
+2C, &% 55+5%, dark/light (12 AIZHEZA Bl 18
pelletAl 58} E2 AR HFEITE sldTt

2. Ao

ABoll AR A2 RPMI1640 media, fetal bovine
serum(FBS), phosphate buffered saline(PBS), propidium
iodide(PI), sheep red blood cel}(SRBC), PE conjugated
anti-CD4, anti B220 antibody %! FITC conjugated anti-CD8, anti

Thy 1 monoclonal antibody E2 AF23IHTL
3. B9 £A
2 Ag ALETH S50l 292 YRS AWsiA rotary

evaporator F&H% U312, freeze dryerZ SZEAZXSIN (015h
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CM EE& P2} &) ARSIt

4. 47 4 U 0FZAEY B FF

AFE AF g7AA vE W BUS FAHQE AEslL
Zyzto] MEE MA(x33], DPBS, 1500rpm, 102)514] vla W
BHUNE HQNS 2F ZAE F, 1X 10%ells/wello] HE2
AZ4-E 2T TS, HIZHNE BERMAolE LPSG ug/ml), B4
M B7A0E Con A0S pg/m)S} 2t (01, 1, H 10 ug
/ml)] CM & PIE H7I5k 48413 S¢F 37T COme)
(5%-COy 95%-air) Woll4] viUSIFTE iy 7 4AI7F Holl 5
mg/mlsTE DPBS-A(pH 74)o) 348 MITEY 20 pE 2}
welloll H7}51iL, 0.1 N HCloj) 2] 10% SDS 100 w2 E3AIA
18217 B9 UK Z W& XLASIRC) wilE 2} welld] 8
T & ELISA readerE o|£814] 570 moliA] ZEI1L =79l
BT BlIl MEYESS WEST RIS

5. 4 9 vIZAME9 ot (subpopulation) &7

Aol 7 Y St CM EE PJ(500 mg/kg)E 42 FT+ §
o(p.o)dt THS UFHE HF ETAIA NE X S &6 &,
NE RGNS ZAHEHL 1x10%ells/wello] PE conjugated-anti
B220 % FITC-anti Thyl antibody@} PE-anti CD4/FITC-anti
CD8 monoclonal antibody(1:40 dilution)Z 0]%& FA5ld 4Tol
Al 3087t BFSAIF7]L laser flow cytometer (excitation: 488 nm.
emission: 525 nm-FITC, 575 nm-PE)& 0|83l 2ol AZE &
9 lymphocyte9] ORITIS SR

6. QHMI3E9] WE E(viability) FF

At erst L1210(mouse leukemia)d E X HL60(human
leukemia) M| ZE 96 well culture plateo] 5X10%cells/wello] %]
EE MEZE 2T S, 4 5501 1, H 10 gg/m)9] CM B
& PIE H7Islo] 484171 B¢t 37CY COmir] oA vl sl
I MY SF 41 "ol MITEY 20 pE 2} wello] H7I%H
%, 10% SDS 100 = S3AIA 18417 S 282 W x}
TR 2B 7t welld] EBEE ELISA readerE 0] 8641
570 moll A £F5HL HEZY FZT 9 vlasld MZYEES
HESE IR

7. WA Z apoptosis SH

Aialel 591 L1210M % & HL60M EE 96 well culture
plateol] 1x10%ells/wello] T & NZE ZHS LIS, 1, 10 Y
100 pg/ml9 CM &= PIE H7I610] 4175 s sl vi e
ol ZFF &, Zt MEE $-MHA] PI(10 g/ m)E 20 p¢/1x10°
Az BEZ S (4T, 3087 UHS)3 t1S flow cytometer
(Coulter, EPICS XL; excitation: 488 nm, emission: 620 nm)& 0}
854 DNA fragmentation (sub-G1 peak)S HEZBIACY.

8. Mitochondrial transmembrane potential{ 4 ¥m) &5
At 28 L12104] Eojl 1, 10 % 100 »g/mlIe] CM k& P

£ F7Isle 24X el wigo] BER F, 2 MEE 7
A AEERAS ZAlGkL AE(x33, PBSgF &, 1x
10°%cells/wello] B2 2t MEZE =&, AR (250 g 102)5}
I P MzEo] DIOC(HSsT: 4nM)E GUAIH 3
7CAlA 1587 BESAIZ] THS flow cytometer(excitation: 488
nm, emission: 525 nm)oll4A] mitochondrial transmembrane
potential(4 ¥'m)& ZF3IHCH.

9. SRBColl gl HET SHAIHHA) 53

A7 8l E 12202 dlod Hae) Wil wah 1310770/
479 SRBCE EZFAKI WY ZEX|(immunization)d} L
CM £ PIE 9597 37 Foidh TS, 8 Aol YFAE T
451 Aok A EeioiA BHE BelTh &, 56 Toll4] 302
Z} incubationdiA] HAE A&R|1AH UAKE microtitration tray©
Z}219) wello]] 44719] EEES AUIASHZ 200 5A51T 2
B4 TAEIME 8T 20 m9) 05% SRBC B/ 50 & St
51 CO; incubatorol|A] 1417} SQt uQFet &, HEFSHE ¢
o3 39 HusMu4E SHAHogdE TEIICL

10. EAAE]
EARATIE student’s ttestZ 31 OmM, p<0.05013}E £9)
4ol A= AR THBIMCH

48 44

1. CM & P7t B9AE F4 vlA]e 529

SEBIE(CM & P)7t "M E9] F4lo rlXlE S0
Table 13} ZT}. 4O IR ZHYAC] CM 01, 1 X 10 ge
/mlE FIelA] 432 ZiNTable 1), hETQ! LPS(L pg/ml)
HEE 7Rl ulgl 10 pg/mle] CM FE7HolA HIZR- =19
Z4o] A& e, BHME sigAGIAE Con A(0.1 ug/ml)
HERE7IEY R0 85k E38] CM 1 ® 10 gg/ml H72
oA SHEZTY B2 FTAIMCE £8 01, 1 % 10 pg/ml
9] P] FrhRolAE niERI =79 S2lo] 5371 fRleu), 4
AZoME 10 pg/mi] PIH7HIOIA SHRZTY S4lof &
¥3k=[ei=

Table 1. Effect of CM or PJ on the lymphocyte proliferation in
cultured splenocytes and thymocytes in vitro.

Cell Type Splenocytes(%) Thymocytes(%)
reamem &) 1PS(-)  PS+)  Con A(-) Con A(+)
CONTROL  834%17  1000£21  821%26 100017
oM 1064419 1015434
M (10 110746 115426°
M (100) 1271437 1285437
Py O %111 915423
PJ (10 1067409 1017406
PJ_(100 106103 1280+09"

CM or PJ0.1~10 w/ml) was treated 1o cultured splenocytes or thymoctes for 48 hours,
The cells assayed by MTT method. The data represents the mean+SE of 3 experiments,
* Significantly different from control group(p¢0.05).
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2. CM L& PI7 84 R B1ZAE ofdol miXle 83

CM = PIE 0I8t @0 18 % BHAZY okgTi
1= Table 29} 2} HIZH EE DIATOIA BHIE7} 414+21%
olEl Hislol CM = P) SolFolx 212} 49.7+35% U 481+
3.0% 5 E86] BMIZLY populationt] £715K32M, 1A W TH £
= a7l ig] CM ¥ PJ RoFolx 78 S #EE
X GRMTk EB BHM oML AT THHE7} 133+04%
of Blgh CM B P RoiFolA THHE7} 212} 182+13% U
152+ 11%ZA £5] CM FoiFolA SUMEY THHZ7} 57}
sl em, To/TsHEE thETo] HIg & XJo]7t fIrh

Table 2. Effect of CM or PJ on the subpopulation of murine
splenocytes and thymocytes in vivo.

Cell Type Splenocytes(%) Thymocytes(%)
T celf
Treatme Beel ——— o5 To/Ts

21+15
CONTROL 414421 67510 54200 133+04  39+03
. 255104 "
M 497435 TIB7%15 50203 182+13 43204
" 246+15
PJ 481£30 71507 61205 152+11  38%02

CM or PJ(500 mg/kg body weight) was administered p.o. once & day for 7 days, there
after the cells were collected and the subpopulaton was measured by a laser flow cyto
meter staining with PE/FITC conjugated ant-B220/Thy1 or CD4/CD8 monoclonal antibo
dy. The data represenis the mean+SE of & mice. * Sigrificantly diferent from controt g
roup(p¢0.05).

3. CM EE P/} QA 29 AES wxlE A

B A £ 2201 L1210 £ B HL60A| Z ui Aol 1, 10 B
100 pg/ml 559 CM W PIE H7IiA QHIEY QES0l 1]
Ale AWE FEGINCHFig. 1). ZIolA CM B PJ= in vitro
Aol QM ES YEE sLIEHLE AAATIE SAENT
HEHACE

0 CONTROL
L1210

N
coN 01 1 10
Concertration(as/nt)

Fig. 1. Effect of CM or PJ on the cell viability of L1210 and HL60

leukemia cells. CM or PJ0.1~10 we/ml) was treated to cultured L1210 and
HL6O leukemia cells for 48 hours, The cells assayed by MTT method. The data
represents the mean=+SE of 3 experiments. * Significantly different from control
aroup(p<0.05).

4. CM Ei= PJ7} QHIEQ| apoptosisol bIXIE Ht
A7 0] vRa Al Z 301 L12104)E siAlol 0.1, 1 2 10 pg

/mi S5E01 CMS H7INA) 24A17F B0t ulefst BATE iR F
ol vl 1 W 10 pa/ml 5T CM Hrktol4] L1210M 29
apoptotic cell death7} FXIZIAUCH, PJ(0.1, 1 ¥ 10 gg/ml) H
7¥2ol A 10 pg/ml BT oA L12104) 9] apoptosis7} HZ1E)
= A3t Vet 3HH, AlE] WEH A E R0 HL60A o
CM L5 PIE H71oIA] 244171 oSt 2, iRl v16k 1
2 10 gg/ml 5FQ CM E= PIE7ol 3l HLe0A 22
apoptosis’} SEEHOE EXHUCKTable 3).

Table 3. Effect of CM or PJ on the apoptosis of L1210 and HL60
leukemia cells.

Cell Type Apoptosis (%)
Treatment{ug/m L1210 cells HLBO cells
CONTROL 165+1.1 172+17
CM (0.1) 178429 235424
M (10) 267126 41237
CM (100 371139 572+39"
PJ Q1 16414 201+£12
Py (10) 208+19 338137
PJ (100 3B80+31* 419+28"

CM or PJ(1.0-100 we/mi) was treated with cultured L1210 or HLBO celis, and incubated
for 24 hours, and then celis were coliected and the sub-G1 peak was measured by a f!
ow cytometer staining with propidium iodide. The data represents the mean=+SE of 3 ex
penments. * Significantly different from control group(p<0.05).

5. CM ZE¥& PJ7} ¢HE9] mitochondrial transmembrane
potential( 4 ¥ m)oll viXj= 3t

A ZA & & mitochondria® swellingd] dojily] A
TiAlolA] mitochondrial transmembrane potential{ 4 ¥m)S} 7+
47} AgEo] Yojdh?. 2 AgolA 1 Y 10 gg/ml 552
CM & PIE #U18IA LML) apoptosis?t Pold wlo] 4¥
mo Zar) Hi JeXE HESKICH Z3E Table 4o LIE}
UEsl L1210M 29 apoptosis?t REERE W tHEZ 1)
6k CM E= PjAEITolA]l 4¥me) Z4r) dojulil e
-1e] ]\ 8

Table 4. Effect of CM or PJ on the mitochondrial transmembrane
potential( 4¥'m) of cultured-L1210 leukemia cells

Mitochondrial transmembrane potential( 4 ¥m)(%)

CM PJ
CONTROL B1£21 813x37
10 w/ml 67331 758143
100 w/ml 509+39 642+4.1

CM or PJ(1-100 we/ml) was treated with cultured L1210 cells, and incubated for 48 hou
1s, and then cells were collected and the 4 ¥m was measured by a flow cylometer sta
ning with DIOC6 (40nM). The data represents the mean + SE of 3 expenments. * Sign
ficantly different from control group(p<0.05).

6. CM T PI7} @ SHAVKHA)YI niXle &3

Aol SRBCE E4FAl3IA4 WX A (immunization)§lil
1 134 CM X PJ500 mg/kg)E 7 L3 4+ Foet thg
AR B4 Tl g83E FHs & HEF5H47Nog2),
% & AWl mjAle M EE P19 giE HEst 298
Table 50i LIERNQITE. 48519 SRBCol| thst & A7 thED
9] 3103018 85k CM BT 49404, PIFATS 39+
0322 HA”7) SIZI=EIQUCt
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Table 5. Effect of CM or PJ on the production of hemagglutination
(HA) titer.

Samples HA titers (log?)
Control 31202

CM 49+04*

PJ 39+03"

Hemagglutination(HA) titers were assayed at 7 days after SRBC sensttization. CM or PJ
(500 mg/kg) was administered p.o. once a day for 7 days. The data represents the me
an+SE of 5 mce. % Significantly different from control group(p<0.05).
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