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Germanium-Fortified Yeast Activates Macrophage, NK Cells and B Cells and Inhibits Tumor Progres-
sion in Mice. Baek, Dae Heoun*, Jin Wook Jung, Tsang Uk Sohn, and Jong Koo Kang"2. Geranti Pharm.
Ltd., 678-20 Yeoksam-dong, Kangnam-gu, Seoul 135-080, Korea, 'College of Veterinary Medicine, Chungbuk
National University, Cheongju 361-763, Korea, *Biotoxtech Co., Ltd., Ochang Scientific and Indusrial Complex,
Changwon 363-883, Korea — Germanium-fortified yeast (GY) is a organic germanium-fortified yeast with
potent immune modulating activities including anti-inflammatory effect. Through cell line studies, we
observed that GY can modulate the diverse immune activity but little evidence was provided on the mecha-
nism of GY in modulating immune activities in other higher animals. In this study, we investigated the effect
of GY on modulation of immune function in mice. GY was administered in normal mice or tumor-bearing
mice and then effect of GY on modulation of host immune system was analyzed by using ex vivo isolated
macrophages, B cells, NK cells. Admistration of GY in mice induced macrophage activation thereby
increased effector function of macrophage such as increased phagocytosis, chemotaxis, adherence, O,”
release, NO, TNF-a production. In addition, GY administration increased B lymphocyte activation and plaque
forming cells. Furthermore, GY administration increased NK-cell mediated cytotoxicity. Furthermore, GY
administration suppressed progression of tumor in mice by increasing TNF-o production and effector function
of NK cells. Our results showed that GY has a potent immunostimulatory function i vivo mice model. Proper
modulation and administration of GY in human could be helpful to maintaining immunological homeostasis
by modulating host immune system.
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Fig. 1. GY induces macrophage activity. Peritoneal exudate cell
response in the peritoneal cavity of mice inoculated with GY and
other Ge compounds. Data at each time point represents the mean
of 4 mice from each group. High and low content of GY or Ge
compounds were shown to be effective than negative control.
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Fig. 2. Morphological changes of activated macrophage by GY
treatment. Fc receptor mediated phagocytosis of peritoneal exu-
dated macrophages isolated from mice administered with (A) GY
and (B) Control. Wright-Giemsa stain (x 400). Control: dehy-
drated powder of Saccharomyces cerevisiae KCTC 7904.

Table 1. Fc receptor-meditated phagocytosis and rosette formation of IgG coated SRBC by peritoneal macrophages (M¢) with GY

and other Ge compounds.

Fc rosette Fc phagocytosis

Group M¢ with bound Bound SRBC Index* M¢ with ingested Ingested SRBC Index
SRBC (% of total) (mean/ Mo) SRBC (% of total) (% of total)
GY (H) 73 584 83 8 664
GY (L) 70 490 82 8 656
GeO, 67 402 73 7 511
Ge-132 74 592 82 8 656
Control 32 128 47

4 188

*Index: percentage of total macrophage (M¢) with bound or ingested red cell ¥ mean member of red cells bound or ingestéd/M¢.
GY (H): 2000 mg'kg, GY (L): 200 mg/kg, GeO,: 200 mg/kg, Ge-132: 200 mg/kg, Control: Saccharomyces cereviciae KCTC 7904 : 200

mg/kg.
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Fig. 3. GY induces TNF-a production. Macrophage cell line
Raw 264.7 cells were treated with different concentration of GY
and TNF-a production was measured. LPS: lipopolysaccharide
(positive control).
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Fig. 4. GY stimulates Nitric oxide production. Macrophage cell
line Raw 264.7 cells were treated with different concentration of
GY and Nitric oxide production was measured. LPS: lipopolysac-
charide (positive control).
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Fig. 5. GY increases the release of superoxide anions. The effect
of GY on the release of superoxide anions by peritoneal macroph-
ages was assessed and compared to other Ge compounds. Nega-
tive control (C): dehydrated powder of Saccharomyces cerevisiae
KCTC 7904. Significantly different from control administered
group, *p < 0.01.
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Table 2. Effects of GY and other Ge compounds on the body
and spleen weight

Grou Number Body Spleen  Total nucleated
P of animal weight (g) (mg)  spleen cell (107)
GY (H) 5 189+23 16017 . 532
GY (L) 5 18519 15721 51.6
GeO, 5 19.1£2.8 130+31 324
Ge-132 5 18614 150+29 32.8
Control 5 192+13 120+23 31.9
Mean = S.D

*indicates significantly different from control administered group, p
<0.0s.
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Fig. 6. GY increases the activity of hemolytic plaque forming
cell (PFC) in ICR mice. Negative control (C): dehydrated pow-
der of Saccharomyces cerevisiae KCTC 7904. Significantly differ-
ent from control administered group, *p< 0.05.
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Fig. 7. GY increases the in vitro cytolytic activity of splenic nat-
ural Kkiller (NK) cell in C57BL/6 mice. E/T: effector/target cell
ratio. Significantly different from control administered group, *p<
0.01.
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Table 3. Effect on GY and other Ge compounds on S-180 tumor bearing mice

Group No. of surviving mice/group MST LS

10 13 16 17 18 19 20 21 22 (%)

GYH) 13/13 13/13 13/13 8/13 6/13 313 3/13 2113 0/13 17.6 18.2

GY (L) 13/13 13/13 11/13 713 5/13 2/13 2/13 1/13 0/13 16.9 13.4

GeO, 13/13 13/13 11/13 6/13 4/13 2/13 1/13 013 0/13 16.6 11.4

Ge-132  13/13 13/13 12/13 713 5/13 413 4313 /13 013 17.3 16.1
Control  13/13 11/13 7/13 4/13 1/13 0/13 0/13 0/13 0/13 14.9 -

GY (H): 2,000 mg/kg, GY (L): 200 mg/kg, GeO,: 200 mg/kg, Ge-132: 200 mg/kg, MST: mean survival time, ILS: increase in MST.
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Fig. 8. Changes of body weights in S-180 solid tumor bearing
mice. Mice were treated with doxorubicin (positive control, 3 mg/
kg), GY 600-2,400 mg/kg. and then body weight changes were
monitored. Significantly differences as compared with positive
control, *p< 0.05, ¥**p< 0.01.

FoAZolE SRS T AL AE o)
$715te] Gk ohine] FHRYE FAA Asele
ZEERERET

ngetol4| OrPA0 et GYe| E#EY 1t

GY?] -2 Fodol] W3t 2 WM o3 AL
3} YA £ A R3HFig. 1-3, Table 1), TNF-a A4 &3}
(Fig. 4), A S22 8 (Fig. 5) 2 MESAEA(Fig. 9)
7F 8A8] S Aoz Fel He o] ZAZ GY7H %
Hat WodAe] Az BA R 2875l a3 o4y
A B e AT Folo) Ag 52aE 247
A3 GY TN 3F F FFAFe] 15 g T AL
2 goHgl o AZuky w7t Aungqd SANES
(Saccharomycess cerevisiae KCTC 7904) Fofol| A= FoF
A Sl A3t AlPE AR Qls] EA o] £Vl
(Fig. 8). GY Fodol| 9J3t MSTe} ILSelAE di=Tol vl
B3 3 FUist AN A3e MSTS) ILS(%)ell A 3
|5 T (H, 2,000 mg/kgyt *-43F Fo47-(L, 200 mg/
kg) ¥ Ge i AZrbE Tl GYH) E (LM MST
7} 17.6, 16.9; GY(H) ¥ (L)*A ILS7} 18.2, 13.4; GeO,
o] A} MST ¥ ILS7} 16.6, 11.4; Ge-132¢|A4 MST % ILS
7} 173, 16,122 747t SAHA 2 SAHETRY ILS &
A2 AL R FA o] 71818 THTable 3).

AlzFodel] 25 M X9 Wl ME GY AejTolA F
FAE FeFo] BA3I] Aot SN A4
9.986 +£3.96 g, ¥ ZF7< 3 mg/kgdoxorubicin ol
AME 5.82+3.38 g A&} RIFe] GYY L &
7} FlEge}. FHAE LR, %elrE Fg=
oA 51.55%2 FAH =L GY Fole=E A sigellA

A
Group
GY(2400mghkg) | 3198
GY (1,200 mg/kg) 4086
GY (600 mg/kg) ‘ o 8.305 *
Doxorubicin Bmgkg) | 5965
Control e %6 o
Tumor weight (g)
Group
GYQ@doomghg) | 6304
GY (1,200 mg/kg) 54.05
GY(600mgkg) | 1739
Doxorubicin (3 mg/kg) AW A ‘ 4 5155 7
IR (%)

Fig. 9. GY suppresses tumor progression. A). Comparative
numerical value of mean tumor weight in mice bearing S-180 solid
tumor. Significantly different from control administered group,
*p< 0.05, **p<0.01. B) Comparative numerical value of inhibi-
tion rate (IR, %) in S-180 slolid tumor bearing mice.

+ 600 mghkg ZENA 17.39%, 1,200 mgkg L&A
54.05%, 2,400 mg/kg LFNA 63.04% A&E-S Vel
ATt S-180 FF vl FUYFHL GY HTol vk
A st o A& (RS s R F8le
Aoz FolEe) HE FANAEF GY: AU A
Evby v)7}st BR) vl FFA e B 50% ol 7
DA ZA2E Bl t(Fig. 9A, 9B).

i &

Gex 4189 ekl T3HA] dA 5 |7}
A ekt T2 Bl Aweul 9 A7 Tl FH9st
I 34} Geoll gt kel EA1= Carrelol] 2}l
ZF2 Lourdes HTE F3) 2 E37F 19224 FlEo]
HuEglem[9] 7] A2rlse] E3= Goodman[9]l &
3 Gt e - AWAC v R EAE, Gl WY
7k, N2 ALTH, AR AA, 5t Y 5
B a5 J3FE vAv . B skl vh9). o3t Gedl
Ao 2= clofat Ay X, o, #HY) Fo] AEE ¢



3 A= =Holer(1, 2, 7, 9] B3] vlelalaad AW 2l
JEFE frie, AAMEZA 9 NK A 2] 33} HdZ
74l A&t ABAZAY FFeAd el =N 9].

f71A 2rbEo] Hi3t EA2E A oE 2 deFl Ge-
1325 F38) FANELY FF iFlS o 33k F AAE
o] A3} in vio ATE T3 FAHATHL, 25]. Ge-
132% trihalogenogermane®l] acrylic acid®} alkyl esterg
7}all 9d-2 trihalogenopropionic acid =42 7}1<5-3) 5f
A3 cfekst QA EAY] Ul UAESHEEA (AAE
T A 2T Ge-1329 FARE IAE L wPibEl 9
g 20l o3 g0 AR QT22]. =3t o] A
o] SAel| tigt B AHEA FA AAEA Sl o
A 2 FEE B3 2[4, 19, 28] Schauss: ol F
F7d0] Ge-13200l AR vl Ale] GeOst 2.4l 9
gt Aoz FAug 2w [22] GeO T AREAZE 3 Ge-
1328] 7% o] 5o] nlEke2 e F - AlEelM 1 &
o] el 710 A5 28).

olgjgt ¥71A| 2ulge] ¥2h8-& AAs] Yl B A+
A AR EAHE B8l A oE HHZ 1A
2okE GYE AFA 31919 [10-16] ex vivo AT-2 53
waEY AR A B Fldlax} s

Ag el A B5ElS Ge 43ER e GYE WAL
2 3l om AREES AR 3 AFFolo s tia
HZZ2A = AN EEY 3 714 2 NK AE, B A
2| A whit A SHAES 23 M E LG G 9
g PFC 34§ ZA4313t.

FYg A BE o] &3 o] A7IA GYE neutral pro-
te'nases?l elastase®] A4 =713} hexose monophosphate
shunt 25 Z} glucose AFSE A7) 7 9ol Al
A28| AT u|AE AMEZA 9 1gGel 93 AAE
Ao dat B35 HepeRA g FHH27]. o)
ARS EuE 3 dTeM = d9MEe) B4 g GY
9 ks sl e BRRIEH| L2 HE HAM Y
7t} IgG coated SRBCE °]8-3t Fe receptor "H7HA &7}
HAAEL] AN E-A] o] SAJHET wlsl] AW 2~4n) o]
A E7HEE e Holsisivh(Fig. 1), =31 v]AA 2o 2
g el 7o) F3M I A ME GY I Ge 3 Al
2upg RN F2A Al Srlske AR FelEg]
th(Table 1). BAJAEE A5 gt Aol M= 328889
GY(100 mg/kg) FolwolA vl 22 I Aol
iAo 7|zt T Ge T AZvly AgEM=
TEEH R AL AN e] Frshe AR FelF9]
o}, o]88k Al TE Ge 73 AlZalEE R GYE o%
gk o]A 7oA FHelFglen FASE dAd 28 B
o] FlETH10, 11, 15, 16]. |49 A el H]Fe] GY
+ WA A Ee] FA3E F3F HRks ddrlE F
#abo] FolEglen, o] fr|Al2rtgo2 dEAl Ge-

GERMANIUM-FORTIFIED YEAST ACTIVATES IMMUNE SYSTEM 125

1329] Ak Aol tidt 2Hg7)4ka $4E AFS
Ellle][2, 7, 17, 24, 26], GY7} AAA-l WA A x2] &
233} Bat opEl XA AT FHE T o 3
AE 3k WA 7)erAl 2 BHER7)5S vER
R0z gelugn

B AlE Aol uhe AAA mubge] sifol oigk &3}
£ 2lsly] Y3l kAT JAS o] 43 Al x4 ¥
AAIF(PFCYE 4-33H 5] A7}, GY FoiTollM F=oEA
22 B AEY $3ZTol gt FgAubge] Fo=gl o
PFC 3% nl#sle] S71shke 7o) =3, PFCe A
WA SAHZZ vlE Ge §HF AZnkE 33ME 5
ol A OF 20~40% 2731 AL2 i Ge U4 A
7} BAE 8485 0] o7l o2 FelEdv10].

GY Foiell 28 C57BL/6 PH-229] NK Ao o3t o
F2ALE alE AT Fig. 9ol Yehd viel 7be] SAY R
ol Bls] GY FEEX 22 NK AZ wi7iAd Al E488
A (cytolytic activity)o] F71eh= A2 Folsg]on 3
THIE Frhhs o R EelEHE. TAIH Y AAER
GY FoAZS Aoz sl ot golofii] sarcoma-180-
bearing C57BL/6 nlg-2oll A A)52) wshe HelsA] 9ot
o} wge] A AAEE AR FHlEgT o)k
HI 2. 3IAI2A] o] 4H L Sl FAYHET<] doxorubicin
Fol Zoll M= tAEEolx HELF I 27} 9o ASF
Zhae] kgl A vepdeh. =3 GYS 3% %}
Sl FAst AF7E o] Fi1el o) FAHoEZ2A GYY o
F3t A zA7%o] = GYol 93 arachidonic
acid, prostaglandin E,(PGE,), histamine, ] 4 H,0, ¥
RBL 2H3 Al ZAe] H,0, HA7]2el] i3t A2 E3f
ME GY7} arachidonic acid ¢ PGE,%] AL Aoz
A FRAFEAE Jepieslez SlEgdd

olgjgt AYPTES AL E g AT A Wi &
T2 st W), Gy W94 F8 AEEY 7%
A5 53 3 f1) Bk opet 255EY) fEH

QA =AM 7FsAd o] T AFHUA.

2 o

£ Qe wHAR AR 712k e 4
FFolol o3 WA E EHE YskaA sloich v}
ST PGB 0UZr ATFAT A3} 2T A2ors
H)733 B8 Foigel] v EARAME, BHE, NK A
9] Aol A3 Frlst Aoz FelHgon, HE AY
A3t A Ee AZnky ARER Fol F AMESY, F
34, F-3A, rosette 33435 31#413] F71810w}. Superoxide
anion(037) A5 dizel vls] 7)AZxls 73 F
ool A 3 Ae) F71819 o, NO A% TNF-a
AT ZTEEZ 0T Z7lslydv}. BAE A3l ¢
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g} cytolytic activity Z7}o) 2J3F PECEA%SE Al=2n}F H)
733t Zxef vls) Ax3] Frislden A3 f7)A 20t
T2 AT QlE Ge-1320] v 2u) o)A ¥ A
o] gel=]gie}. Cytotoxic acivity ol 23t 3 FFshAd oA
1= R Z79] Doxorubicin FolollA{ 9} §-A181 23 &
AL veigle 188 f7)A 29k E2(2,400 mg/kg)
FodA] 60%S] FFHY A BRI} FolHic). o8 &
IE FgE 2 o foAS0E 7HEE R AREE B
ofe} QlA|e] f-88t WA 2] o)A e] Z|= ),
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