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Flow Cytometrical Analysis of the Antitumor and
Immunomodulatory Activities of GLB-A and
GLB-B, the Protein—polysaccharide Fractions

of the Growing Tips of Ganoderma Lucidum

Jung-Yeon Oh and Kyeong-Soo Chung’
Laboratory of Microbial Chemistry, College of Pharmacy, Chung-Nam National University,
Taejon 305-764, Korea

Abstract—In the previous study we described the antitumor effect of GLB, a protein-polysaccharide
fraction separated from the growing tips of Ganoderma lucidum, against sarcoma 180 solid tumor in ICR
mice. In this study. we separated an acidic protein-polysaccharide fraction, GLB-A, and a basic pro-
tein-polysaccharide fraction. GLB-B, from GLB by differential precipitation. and elucidated their an-
titumor and immunomodulatory activities. When ip injected at the dose of 50 mg/kg/day into the ICR
mice, GLB-A and GLB-B inhibited the growth of ip implantated sarcoma 180 cells by 32.4% and 21.0%.
respectively. Of these, GLB-A increased the % lymphoblast in the spleen of the tumor-bearing and the
normal mice by 20.9% and 123.0%. and the CD4/CD8 ratio by 73.3% and 22.4%, respectively. GLB-A
also increased the expression of CD25 (IL-2 receptor & chain) in normal mice by 82.0%. These results
strongly suggest that GLB-A is a promising candidate for antitumor immunomodulatory medicine.

Keywords [ ] Ganoderma lucidum, antitumor activity, immunomodulation. lymphoblast-formation, IL-2 re-
ceptor, CD4/CD8 ratio.
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Fig. 1 — Flow cytometrical analysis. Panel A: A FSC/SSC dual parameter dot plot showing the gates R1 and R2 which
encompass the total lymphocytes and lymphoblasts, respectively. Panel B: A FL1/FL2 dual parameter dot
plot for analysis of CD4/CD8 ratio. The splenocytes were stained with PE-conjugated anti-mouse CD4 mAb
and FITC-conjugated anti-mouse CD8 mAb. Panel C. A FL2 histogram for analysis of expression of CD25
molecules. The splenocytes were stained with PE-conjugated anti-mouse CD25 mAb. Panel D: A FSC/FL2
dual parameter dot plot for differential analysis of the peritoneal exudate cells(PECs) and the sarcoma 180
cells. The ascitics cells were stained with PE—conjugated anti-mouse CD45 mAb.

blastZ BA1&AHFig, 1A).

CD4/CD8 B BM - CD4 E= CD8 #4188 ¢4
e mAbE FAl 71t 25 394 AXES
FL1/FL2 dual parameter dot plot ‘ol ehfio]
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Table I — Lymphoblast-formation stimulatory effect of GLB-A and GLB-B on the splenic leukocytes of ICR mouse

) ) _ Lymphoblast’
n Body weight (g) Spleen weight (g) % in the spleen % Incroase’ -
Control 5 28.5+0.9° 0.18+0.01 81+11 - 0
GLB-A" 5 28.09+0.3 0.30+0.02** 18.1+6.1" 123
GLB-B* 5 27.51+0.5 0.25+0.01** 16.7+8.3* 105

" The lymphoblasts were distinguished from the small lymphocytes on the FSC/SSC dual parameter dot plot

as described in materials and methods.

" 100x (T-C)/C, where T and C is % lymphoblasts of the treated group and the control group. respectively.

* Number of mice used.

* GLB-A or GLB-B was ip injected at a dose of 50 mg/kg once daily for 3 consecutive days.

“meantS.E.
* significant at p<0.05. ** significant at p{0.01

Table II— Antitumor effect of GLB-A or GLB-B against ip-implanted sarcoma 180 cells and their induction of per—

itoneal exudate cells (PEC) in ICR mice

N Sarcoma 180 cells PEC
o. of
; Number* e 4t Number” i
rmee (x10? cells) % Inhibition (x10% cells) % Increase
(=) 6 127.2+5.1° 0 28.5+2.1 0
GLB-Af 5 86.0+13.6* 324 46.7+8.6" 64.1
GLB-B* 5 100.625.7 21.0 85.1+12.1** 198.7

*The mice were ip injected with GLB-A (50 mg/kg) or GLB-B (50 mg/kg) before and after ip implantation of

sarcoma 180 (1 x10° cells/mouse) cells.

" The sarcoma 180 cells and PECs were immunofluorescence-stained with PE-conjugated anti-mouse pan-
leukocyte mAb CD45, and then counted for 30 sec using a flow cytometer at the flow rate of 80 ul/sec after
"" 100X (Cy~Tn)/Cn. where Cy and Ty stands for the number of sarcoma 180 cells of the control group and the

treated group. respectively.

*# 100 (Tx~Cx)/Cn. where Cy and Tw stands for the number of the peritoneal exudate cells of the control group

and the treated group. respectively.
*mean*+S.E.
* significant at p<0.05. ** significant at p<0.01.

giASs GLB-BE 55.8%¢ oA 2 6.7%9
WA S sk Aoz FlERt
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t} &3 S EAE 233l sarcoma 180 B ¢
A X F21& 32.4% 3R A(pC0.05) AA)sATH
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53] FAgke Hedel dsiM e GLB-AZF 234
A I 2E-& 3T 5 QSE GAlERE AEE A
olth(Fig. 2). ¥4 ¥ A¢xVE-& GLB7F AMAE
4 (cytotoxicity) & YERNA 2588 B 2s v} glo
o, & d7dqME GLB-A ¥ GLB-B7} sarcoma
18000 AHMEEAE JERA] 458 FA3ATH=}
FAA A, ol AAELS GLB-A7L £Fui/A
FAa g L Ag ovlet.

Lymphoblast MAMX=S &30} - Table Tof] Yehyl wt
9} o] AAFEEoAM =T lymphoblast Hl-&o)
8.1% <14 Hlsld GLB-A, GLB-B oM e &
Z+ 18.1%. 16.7%=2A djzTol H|sle 2.23u)
2.054] -2 A YA (p<0.05) F71sta. 1 2UEE
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Fig. 2— A FSC/FL2 dual parameter dot plot showing sarcoma 180 cells and peritoneal exudate cells(PECs) stained
with PE-conjugated anti-mouse panleukocyte mAb CD45. Panel A, Panel B and Panel C| respectively. shows
sarcoma 180 cells and PECs of the control, the GLB-A-treated and the GLB-B-treated mice. R1 and R2,
respectively, contains PECs and sarcoma 180 cells.

Table I — Effect of GLB-A and GLB-B on the CD4/CDS8 ratio and the expression level of CD25 (IL-2 receptor o
chain) of the splenic lymphocytes of the normal ICR mice

CD4/CD8 ratio® IL-2 receptor’
Group n’  Small % Lympho- % Mean % % positive %
lymphocyte Increase’  blast™ Increase fluorescence Increase cells Increase
Control 5 316%£042 0 0.72+0.16 0 4.08+0.29 0 6.87+1.24 0
GLB-A"" 5  3.87+043 224 1.34+0.87 86.1 5.09+0.36™* 11.1 12.50+1.94™ 820
GLB-B™" 5 3.26+0.19 3.2 1.0210.32 41.7 4.48+0.35 2.2 8.01+0.97 16.6

* Number of mice used.
" GLB-A (50 mg/kg) or GLA-B (50 mg/kg) was ip injected once daily for 3 consecutive days into ICR mice.

“The splenocytes were [F-stained with PE-conjugated anti-mouse CD4 mAb and FITC-conjugated anti-mouse
CD8 mAb.

*The cells with higher FSC and SSC values were counted as lymphoblasts.

* The splenic leukocytes were IF-stained with PE-conjugated anti-mouse CD25 mAb and the mean flu-
orescence intensities of all the leukocytes and the percent of the CD25-positive cells were analyzed.

' % Increase=100x (T-C)/C. where T and C is the values of the treated and the control group, respectively.

* significant at p{0.05, * significant at p<0.01.

Table IV— Effect of GLB-A and GLB-B on the lymphoblast formation and the CD4/CD8 ratio in the spleen of
ICR mice which were ip~-implanted with sarcoma 180 cells

. Lymphoblast CD4/CD8
n % formation® % Increase™ ratio® % Increase
Control 6 41.20+1.92 0 6.491+0.69 0
GLB-A"" 5 49.80+1.91* 20.9 11.24+1.54* 73.3
GLB-B* 5 50.44+3.16* 22.4 9.41+1.27 451

“The lymphoblast was distinguished from the small lymphcytes on the FSC/SSC dot plot.

* % Increase=100% (T-C)/C, where T and C stands for the value of the treated and the control group, respectively.

! The splenocytes were [F-stained with PE-conjugated anti-mouse CD4 mAb and FITC-conjugated anti-mouse CD8
mAb.

* Number of mice used.

**GLB-A (50 mg/kg) or GLB-B (50 mg/kg) was ip injected once daily for five days into ICR mice.
*MeantS.E.

* significant at p<0.05, * significant at p<0.01.

o] thasilM = GLB-A, GLB-B7} lymphoblast #]&& 2 small lymphocyte?} lymphoblast'™2 H$t=]ed
Z+z} 20.9%. 22.4% S7HAFHTHTable V). ¥ty o Z effect cell ¥ memory cell2 #3}5]o] AU A%
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