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Abstract: Backgronnd: Enterococous faecalis 2001 is a probiotic lactic aod bacterium and has been
uwsed a5 3 biological response modifier (BEM). From physielogical imitstion of bacterial preservation
in storage and safety, the live E. faecalis 2001 hes been heat-treated and the BREM components contain-
ingz hizh level of f-zhren named EF-2001, wers prepared

Medhed: The heat-meated EF-2001 has been examined for the antoxidstve potential for mdics] scaveng-
ing and anti-fumor activities as well &s inrmne-enhmeing response in mice. Lymphocyte verss polymor-
phomaclear leukocyte ratio was incressed in mice wpon tresment with EF-2001. The mmber of ympho-
cytes was inmessed in the EF-2001-reated growp. In the mice bearing two different Ehrlich solid and Sar-
coms-130 carcinomas, the mesmment with EF-2001 resalted in anfi-mor acion. Tumor-suppressive -
pacity upon resment with FF-2001 was sisnificantly increased compared to normal conmrols.

Resulrs: During the time mrerval sdmimistration of 5 wesks between the priming and secondary admini-
siration of EF-2001, the expression snd production levels of THF-c were also observed in the EF-2001-
administered mice. Additonally, anti-iumor activity examined with the miravenous admimisiration of
EF 2001 with a 34 time imtervals was also observed as the growth of Sacomal 80 cells was clearly in-
hibited by the EF-2001.

Conclusion: From the resls=, it was suggested that the immmme response is enhamced due to anf-

oxidainve activity caused by the EF-2001 and anti-umor acovity by ME cells and THF-o.

Eevwords: Antoxidative potentizl, anti-tumor zetivity, Enterococens frecaliz, IFN-y, imnmme-response, vmphocytes, NE

cells, TNF-a, f-glucan.

L INTRODUCTION

Cancers and mommne disorders have hstoncally been
regarded as miractable diseases and therefore, there has besn
great attention to freat and prevent them Cunrent develop-
ment of alternatrve and complementary fimetional medicines
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15 the mmpertant subject of the biomedical scence [1]. Al-
though there has been a considerable progress m the devel-
opment of anfiumer agents and dmgs, tomor 15 regarded as
the first death factor through the world [2]. Although tumer
and monmme susceptbibiies are drverse m human populzhon,
and therefore, prevention of tumongerests and mmmme dis-
orders 15 mportant on the basis of personal genefics and
medicines [3]. As altemative approaches, many plant-based
candidates have been searched and sovbean 1soflavones and
plant resoirees have been nsed for therapeutic approaches to
freat and prevent vanous cancers meludmg breast cancer and
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imnmme disorders meluding mflammation [4, 5], For exam-
ple, some flavonoids stmmlate mmmme capacity of mone-
evte'macrophage funchon and cancer regreszion with anf-
mutageme potentials in mouse hymphane cells of the m-
e svstem [6-3].

Enterococcus faecaliz & a lache acd bactermum was
separated from the commensal microbiota of buman The
lactic acid bactena are recently recerving great attentions
azsocizted with funchonality [9, 10]. For exampls. a lache
acid bacteriom bas recently been evalated as a2 potenfial
hospial opportumste anf-funzal agent [11]. In addion,
multl drug-resistant E. faecalis strams have been reported to
raze the bacteremia-causmg issue m the patients with m-
mmecompromize [12]. Therefore, E. fascalis has been daco-
rated a5 a souwrce of humsn consumption from the mtema-
tional authonties such as FDA, USA In addition E. fhecalis
strain has been smdied for the food industry and pharmacen-
tical applications and E. fascalis-based probioties has been
developed for use m food Becently, E faecaliz has been
used for finchonality and mediemal food resources as meals
of pommal buman beings [13, 14]. A few years ago, our
group established that E. faecaliz 2000 (EF2001) releases a
single component of natural f-glucan as a non-estrogen pro-
biotie [15]. E. faecalis 2001 has been shown to exiubit plant
estrogen-hike actrvity. In additon, E. faecaliz 2001 minbts
the tyrosine kinase and DINA topoisomerase IT activafies with
the host's mmmme capacity. In addiion, anf-tumor and anal-
gesie effects of the zetive fraction have also been observed in
the E. faecaliz 2001. [13]. In patents with atherosclarosis
and osteoporosis, the beneficial effects were ohserved in the
relevance of memazed attention of the degeneracy of the
breast cancer and prostate cancer [16]. With respect to radia-
tion protection of B-ghucans, 1t was reported fo have z delay
m death and fumor growth mbubitery capacity i tumor-
bearing mice m the whole-body X-rav-nradiated mice when
mected mirzpentonezlly [17]. Mice teated wath f-
ghicansshowed the meveased levels of white blood cells and
bymphoeytes, mdicating that antriumer effects of f-glucan
are based on acitvated hematopolefic and ephanced amb-
tumer mmmumity [17]. In 2 somlar stady, B-glucans of Agari-
cns blazei Munll have also been suggested to have a tumon-
cidal actmvaty at the tme of oral admmistration In syngensic
and heterogensous fumor-beanmg mice [16, 18] When the
muce were admimistered with the water soluble f-glucans of
A. blazei Munll, type [ ovtokine IFN-y and anb-tumor agent
THF - ave manly expressed m the pentonezl mnate immume
cells. The f-ghicans have also been shown to have the anh-
oxidant activity mn cell culfure systems and anmals.

In the present study, as an anfi-tumor and Imrmme-
potentiating agent, the EF-2001 has been prepared and for-
mmlated from E faecaliz 2001, the heat-treated probastic
lactie actd bacterimm az a bwlogieal response modifier
(BEL). To obtamn the preserved bactenal sources with stor-
age, safety and stabilites, the live E. fascaliz 2001 has been
thoroughly heat-reated. For the aciive f-glucan-ennched
preparation, fractionation process with edible solvents has
been performed and the EF-2001 has been designated and
commercially supphed The prepared EF-2001 has been ex-
amned for the ant-fumer activity and inroune-enhanemg
responses m the experimental model muce. For the momume
actrvation of the EF-2001, hmphosvte versus polymor-
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phomelear leukocyte ratio was evahiated. In addition, for the
direct in vive anf-tomor zctmvaty, the 2 different Ehrlich sobd
and Sarcoma-180 carcmoma cells were used to check the
THF-ts production m the EF-200] -adnuinistrated mice. From
the results, 1t was evident that EF-2001 zctrvated the nmmme
system such as maerophazes, hphocytes and NE cells, and
suppressed the tumor growth by induction of endopenous
THF-tx. Therefore, it 1= suggested that EF-2001 15 a promus-
mg sub-funchonal agent for cancer patients.

2, MATERIAL AND METHODS
1.1, Regent:

Unsahwated fatty acd, linoleie acad has been supphed
from Macala Tesque, Inc (Tokyo, Japan). Severzl inorganic
reagents such as NH:CNS (ammonium thiocyanate), ferrous
{mwon IT) chlonde tetrahydrate, HCL (Iydrogen chlonde) solo-
ton, CHOH (ethanol), K;HPO, zzium phosphate diba-
=ie, anlydrous, grade ACS Product Code PBIM47, Merck)
and EH,PO, (pofassum phosphate monobasic) were pur-
chased from Merck & Co., Inc (Kembworth, NJ, USA). Ant-
ooadation and buffer reagent: of 1 1-diphenyl-2-pieryl-
bydrazyl (DPFH) and 2-H-morpholno ethane-sulfore acid,
bwdrate (MES) were purchased from Merck & Co, Inc (Ken-
thworth, NJT, USA). Positve trolox as a standard DPPH sub-
stance of 400 pM was purchased from (Aldnich Chemeal
Company., CA, US4). Chromopemie subswate 3.3°3.5-
tetramethylbenzidine (TMB) has been supphed from Thermo
Fisher Scientific Ine. (MA, USA). The reagents were of
commercially available pharmacological grades.

1.2, Biotechnological Production of Enterococeus faccalis
2001

The body of the bactena that kas been heat-treated is free
of fungal product {Enterococcus fascaliz 2001) was named
EF-200]. Commercially applicsble Bacillus products, EF-
2001" heat-treatment extract, have, therefore, been con-
structed from dextiin and gelatn. For roufine research EF-
2001" is obtamed from the stock of Mippon BRM Co., Lid.
(Tokyo, Japan). B-1.3- Ghican as 2 mam ent was
present in gram rate of 6.5 mg/EF-2001". "EF-2001" and "B-
glucan" are subsequently wsed as synonyms. EF-2001 was
auspended m physiological sahne for further study of 2.4 8%
strength (w /v).

1.3 Animalz

Male ICE muce, commercial mace that have been pur-
chased from Japan Clea Ine were used m 2 cautious trading
and 4 weeks of age. Affer one week of preliminary breading,
they were on ad hinfum diet as an expenmentally desizned
ouintion for controls or expenments. The ammalks, 23 =
L0°C, were kept m the expermmental house for model am-
mals at 55 = 5% boowdity, with 12-how hght-dak cycle.
Ammal food (CLEA Japan (Litd ), CE-2) wath access to free
water was given.

2.4, Examination of Seavenging Capacity Using DPPH as
a Radical Source

In arder to measure the scavensing capacity of DFFH
radical, the stable free radicals which have been produced as
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the reaction preducts were measured Using positive frolox
as a standard DFPH substance of 400 yhd MES buffer solu-
tion of 0. 2B and 80P ethanol, 0.2 mM Trolox and 20%
ethancl were prepared before the expenment. A solition of
20 % ethanol (15 ml) and 0.2 M MES buffer solution (pH
6.0 was mxed with 400 W DPPH to prepare 1 5 ml of mre-
tures. The moxture (0.9 ml was added to 80% ethanol (300
wl). To prepare the test sample, each 020% of the EF-2001
prepared was added to the maxture of 0, 30, 60, 90,120 and
130l at the tune mtervals of each 30 consecutrve second.
After the soluhon was loaded to a vortex apparatus, the sam-
ples were confimuoushy stired. The samples were then meas-
ured with 520 pm absorbance using a spectrophotometer at
the time mtervals of 0.5 and 20 minutes. Tore Bocks with a
water-soluble denvative of positive standard substance and
Tocopherol, adjusted to (.2 mM concentration, were added
to the zanally increasing concentrations of 0, 30, 60, 80, 120
and 150 pl.

1.5, Determmnation of the Anti-omidative Potential of
EF2001 f-glucan

The anti-oxidative capacity of EF2001 f-glucan was ex-
amined using the Rhodan mon methed in order to evaluate
the levels of hped perorades produced duning condanon proc-
e5s of unsaturated lipids. Dna]mt forous ron Fe'™ was ox-
dized to trvalent femic ron Fe'™ when Fe'™ ron and lipid
peroxade (LOOH) reacted. The consequently generated
product, red colored Fe(SCH); 15 known as the Rhodan won,
when Fe'™ and ammonmm thiscyanate (SCN) further re-
acted. Peroxidation levels of Ipid were then measured and
evaluated by colonmete analysis wsmg a2 spectrophotome-
ter. When 0.08413 g of lmolewe amd was dissolved with 3 ml
of ethanol m 2 test tube, the dissolved linolete acid selution
was further dilated fo the final volume of 15 ml of 0.1 M
sodmm phosphate buffer to adust to 0.02 M sodmm phos-
pha.te buffer. The soluton was subsequenthy used for the

next experiments. For the mezsurement of the capacity, 0.4
ml of 0.1 M sodnm phosphate buffer and 0.1 ml of 1% EF-
2001 were added to the solution of 0.3 ml of 0.2 M linoleie
acid, and wsed as a test sample Lipid auto-cxadation using
the linoleic ao1d progressed by constant stommz 2t 37°C in a
tune-dependent mammer for 1, 3, 5 and & days. As a poaitive
control, Trolox was used, whale distilled water for the nega-
tive control A solufion contammg 0,05 ml of 0.2 mM Fall,
a5 Fe™™ form in 3.5 % HCL 2.35 ml of 75 % ethanol and 0.03
ml of 30 % CHyN,5 reagent (Rhodan ammenmm) was added
to the above reaction muchwe after the fime intervals of 24, 72
120 and 267 howrs. After 3 mun absorbance at 500 nm was
subsequentty obhserved using a spectrophotometer [19, 20].

1.6, Evaluation of Immune Cell: by Ratio of Lymphatic
Cell: Versus Polymerphenuleear Leukocytic Cells

The evaluzfion method described by cur previous report
has been zpphed for the measuwrement of LP rato m mice
[17,18]. Twenty htters of neonatal Swiss-Webster muce (Ja-
pan SLC, Inc., Tokyo, Japan) (6-12 by after barth), which are
knowm to be premature, were grouped to two different ex-
perimental teams, each having 10 htters. A group as a con-
trol was subjected to Jnn'apmtomal {ip) mjection of (.02 ml
of salme, whereas mn the EF-2001 samph—admmbmm
ETOUpS, each EF-2001 (200 pg'mouse) m 002 ml solifion
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find was mirapenitoneally imjected mto the mice. To obtam
blood samples, the tal vem of each mouse was subjected to
the blood collection before ip mjection and 1, 3, 6, 10, and
14 days after 1.p mjection of the control group and EF-2001-
treated zroup. To count the cells, Wnight's cell stammg was
applied on the thin-layer blood smears prepared. as previ-
ously reported for the thim-layer blood smears and Wnght's
cell stammg [18]. Then, total cell numbers contammg 100
bmphocytes and polymorphomiclear leukocyte: were
counted usng a hght microscope 3 general contrast. The
rzho of the number of haophatie calls versus that of poly-
morphonuclear lenkocytes was caleulated as the LP rafio.
Results obtamed for the lymphoeyte versus polymorphonul-
cear lenkocyte ratic were calculated and evaluated, as previ-
ously described by Gu [17]. A Student’s #-test was applied
for detemomming the stabistical sizmuificance with a p value
=H.05.

1.7, Evaluation of Anti-tumor Capacity in Ebrlich Carei-
noma-bearmg Mice

Each zroup having 10 male 4-week-old ICE. mice (Japan
SLC, Co., Tokyo, Japan) was ;u]:rje-cted to the anti-tmmor
actvity using Ehrdich solid carcinoma (ESC). Twenty-four
hours later, after moculation and transplantation of Fhvlich
solid carcmoma cells {1 x 10F cells, 0.02 ml) or pure water
(1.0 ml100 g body weight), with EF-2001 {200 mgkz body
weight), each mouse was subjected to the oral admimistration
for 35 days m the same condition. The tumor volume or size
was assessed at different mtervals and frve times for 35 days
by measwng change: m fumor volune, = expressed by
lenzth x width x thickness {mm®). Tumer tissues were re-
moved and molated 35 days after moculaton to measure the
tumor weight (g). The whibition ratio (IR) of fumor growth
{mhibiton of the growth of the EF-2001-treated group vs.
control group) was caleulated from the amal expenmments.

1.5, Evaluation of Anti-tumer Capacity in Sarcoma 180
Carcinoma-bearing hice

Ten male 4-week-old muce of the ICE stram were
grouped for moculanon of Sarcoma 180 =ohd carcmoma
cells (Japan SLC, Co., Tokyo, Japan). Sarcoma 180 sohd
carcmoma cells (1 x lﬂﬁcdls 0.02 ml) were subcutanecusly
momﬂatadmtathenghrmgmalmanftb&upamenﬁl
mice. Twenty-four hours after moculzhon of Sarcoma 180
carvmoma cd.L the confrol group received the pure water
(1.0 ml'100 g BW) by oral administration and the experi-
mental group was subjected to the oral admimistration of the
EF-2001 (20.0 mg/100 g BW ) for 35 days. The tumer vol-
murmvmsmmlmdﬁveumdumgﬁdwsaﬂﬂ
moculation of Sarcoma 180 sobd caremoma cells, as meas-
wred for the Ehrlich caromoma -:e]]s.TIEImgthnfﬂ'mlarg-
est diameter of the fumor was measwed. At 35 days after
moculation, fumer Gssues were solated to mezsure the tumor
weight (g), 25 desenbed above. The IE. level of the EF-2001-
treatment group was also caleulated, as described above and
compared with the confrol group.

1.9 Meazurement of Interferon- v (IFN-y) Produced

To uncover the mechamzm(s) by whoch EF-2001 po=i-
trvely modulates the 1mmmume system of tomor-beanng mice,
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an enryme-hinked munmmosorbent assay (ELISA) was ap-
phied to measure the produced IFMN-y levels usng an IFN-y-
detection kit, which was speeific for the mouse-derrved TFN-
¥ (Amersham Brosciences, Inc). Each group of 10 male 4-
week-old mice as the ICE type was wsed supplied from Ja-
pan SLC, Co. (Tokyo, Japan). Sarcoma-130 carcimoma cells
{1 x 10° cells) cultured i vite were subcutznecushy mocu-
lated mto the nzht mgumal area of each mouse. The control
group recerved pure water (1.0 ml/100 g BW) by oral ad-
mumistration dwng the expeimental period, while the freat-
ment group recerved the EF-2001 (20.0 mg/100 g BW.) by
oral adminstration. After 4 weeks of the EF-200] admmi-
stration, each 5 ml of PBS buffer was mtrapentoneally m-
jected mfo each mouse and the abdoounal remons were
mubbed, and pentoneal fhuds were collected. The pentoneal
flunds were then kept m a freezer at -20°C for 5 hr. Afier the
tissue-derrved fhnds were defrosted and thawed, the super-

natants were subjected to centrifugation (3000 rpm, 10 mm).

Th’upﬂ'ﬂaiamswmm"ub]mtedm dlal\rslsusmgduh'

s15 membrane and were concentrated wsmg polvethylens
ghyeol-4000 (FEG 4000). From the concentrated samples,
each 50 yl of the sample or the standard was added to each
well of 2 96-well plate and the plates were covered and kept
at room temperature (23°C) for 120 min. Thereafter, 30 pl of
anfi-mouse antbody, which was previously iotimylated, was
added and incubated at room emperature (25°C) for frther
60 mm. The plates were then washed three fimes with wash-
mg buffer. One hundred pl of streptavidm-conugated horse
radih perowadase (HEP) soluton was mixed with the
washed plates for anhgen-antibody mteraction and moubated
at room temperature for 30 mm. The plates were washed
three times with washimg buffer solution. In order fo detect
the positive interaction, the PlETE were meubated with 100
ul of TME solubon for 30 mm and 100 pl of termmation
rezzent was further added. The yellow-colored products
were measured using a Labsystems Multrkan MS-UV spee-
trophotometer (Dammppon Pharmacentical Co., Ltd, Takyo,
Japam) at an zbsorbance of 430 nm withm 30 muin. The level
of IFN-y expression was calculated usmg a cahbrahon stan-
dard.

110, Examimation of Tumor Necrosiz Factor-a (TNF-a)
Leval

Examination of TWF-g level, which was expressed mn
mice, was assessed by an ELISA kit wsmg an ant-THF-o
detection kit that was speafic for mouse THE-a (Calbwo-
chem, Ine. and Merck & Co., Inc JEemlwerth, NJ, USA).
As desenbed sbove, ten male d-weeks-old ICE muce were
used 1n ezch group and Sarcoma-180 solid carcinoma cells
culhred i vitre were subcutanecusly moculated into the
nght mpumal area of the mice. For the control group, pure
water was orally admuimstered (1.0 ml 100 g B'W.), whils the
expenmmental EF-200]1 groups recerved the EF-2001 {200
mg/100 2 BW) by oral admimstration. After four weeks of
oral admumstration, the mice recerved 5 ml of PBS by mirap-
entoneal mjection. To analyze the fndal cytokme, the mice
abdommnal areas were rubbed and pentoneal fhnds were col-
lectively prepared. The fhuds were then kept m a freezer at -
20°C for 3 hr and the frozen flnds were defrosted and
thawed. The supematant was consequently collected by cen-
mfugaton (3000 o, 15 mm) and dmlyzed, 2z deseribed

Guetal

above. The mupernatant was concentrated with PEG 4000 and
utilized for the expenments. In a 96-well plate, 50 pl of the
prepared samples or the standard controls was zdded to each
well of 2 96-well plate and the well plates coverad were kept
to incubate 3t room tenperature (25°C) for 120 mm. With 50
ul of hotmyl anbbody-contammg solution, the well: were
further meubated at 23°C) for 2 hr and the plates were
washed frve times with washing buffer. To develop, each
100 pl of HEP solution was added to the plate covered and
meubated at room temperature (25°C) for 30 mun. The plates
washed five tmes with washmg buffer were mcubated with
100 wl of TME sclution for 30 mim. Durmg the meubation,
the tme was decided dependngz on the mtensity of blue
color. Fmally, to termmate the development, 100 l of stop
buffer soluhon was added to each plate well and spectropho-
tometric measuwrement was caried out it an absorbanee at
450 nm wsmg a M5-UV spectrophotometer, as described
above. The expressed levels of THF-o were calenlated usng
anomalized calibration curve.

211 Measurement of Ish[ Level: i Mice

Mouse-speaific IgM detection kit has been used and the
detectmg ELISA assay kit was supplied from BETHYL
Laborztones, Inc. (Montzomery, T3, USA) and IzM was
purchased as the ELISA starter package 10 male ICE muce,
4 weeks old, were divided m different groups. The sarcoma-
180 solid cancer cells (1 x 10° cells) were injected subcuta-
reously m the nght grom. Control group recemving distilled
water was arally admmistered with 1.0 ml / kg of BW and
sample group was adpumstered wath EF-2001 BW. of 200
mgks. 4 Weeks after the advmistranion, blood samples from
the retinz were collected. After four weeks of admimstrahon,
bloods samples were also prepared from the fundus The
prepared sera were used by approprate dilution to prepare
100 tmes with diluton buffer. Specific anbody was the
affmity-punfied antbody transfered to 100 ul of the solu-
ton mio sach well of 2 96-well plate and meubated for 60
monutes. The specific anhbody aspuated was washed well
twice with cleanmg selution. Then, after the addition of post-
coat solution of 200 pl to each well, if was menbated for 30
minutes. A soluhon of the post-coat was then re-aspirated
and cleaned twice with a washmg solufon. 300-fold was
prepared by dilufmg the sample 100 pl with standard dilwent
and transferred to each well to dilute the mouse reference
sara, meubated for 60 mm. Sample/conmgate dilnent wells,
washed 4 times maconjugatedlluent ‘:r&reprepamdmmg
the goat anfi-mouse [gM-Fe in HRF12. Then, 100 pl of the
washed anfibodyHEF conjugate was added to each well and
meubated for 60 min. After washmg the wells 3 times with a
washing buffer, 100 pl of the TMB substrate was incubated
at each well for 10 mun Affer meubation, the reachion was
stopped by adding 2 M H,50, of 100 1l to each well, and
was measured using a Labsystems abserbance at 405 nm
wsing a mmltsean W5-UV (Damippon Phamacetutical Ltd ).

211 Measurement of Iz(- Level:

The levels of Izl produced were examined by 2 mouse
IgG-specific kat (Bethyl Laboratonies, Inc, T3, UUSA) and
ELISA kit Ten male 4-wesk-old ICE mice were used m
each expenmental group. Sarcoma-180 sobid carcmoma cells
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(1 x 10° cells) were subcutansously transplasted into the
night mpumal region. As the control group, mice group re-
cerved pure water {10 ml/100 g B.W.) by oral admumistration
and the EF-200] treatment group recerved the EF-2001 (20.0
mg/100 g BW) by oral admmistration. Blood samples ware

prepared from the evesround of muce after 4 weeks after
admmistration and zerz were wsed for the detection of IgG
levels. As descnibed above, the specific capture anhbody was
prepared by dilution of affimty-punfied antbody for 100-
fold wath the coating selution and 100 wl of the resultant so-
lution was added to each well and menbated for 60 mun. The
specific capture antibody m wells was removed by aspuation
and wells were washed. Each well was added with 200 pul of
post-coated solobion for 30 mm and post-coated soluton was
alzo removed, followmz washmz, To examme the IgG lev-
els, each 100 pl of the EF-200]-treated sample and the con-
trol were added to each well and imcubated for 80 oun, fol-
lowed by fowr fimes washing AntbodvHEP conjugates
were constructed by dilution with goat anfi-mouse IgG-Fe-
HEP conjugate. One bundred pl of antibodyHEF conjugates
were added to each well with controls for 60 min, followed
by washmg for four tmes. As 3 termuinzhon reagent, TMB
substrate (100 pl) was transfarred to the wells and the wells
were meubated for 7 mum. By stopping the reaction wath 100
wl of zulfate soluhon (2M H,50,), absorbance at 430 nm was
exammed usmg a Lab system Multiskan MS-UV spectropho-
tometer.

J.RESULTS

L1, Anticmdative Potential of EF-2001 as Assessed by
DFPPH Eadical Scavenging Activity

EF-2001 treatment resulted m an merease in radical seav-
engzing capactty when DPPH was used In 2 control expen-
ment, the water showed no scavenging actmvity of radicals.
Inferestmgly, the scavengmg actmaty of EF-2001 was much
greater than that of a well-known, poative control, 0.2 mM
Trolox as shown m Fiz. (1.

L "‘F."‘I:'-- T ¥ + b= Copigod W)
b i. - :-.....:__“ " | ]
i Twm L TR R "
5 Raal 2 e ¢ =i H el
irn [E ' = i -:.__u .
f' i Two T Y me o REF N
-
! 4 A
i E I
3 .
i
il
! L L] ] ]
(sample

Fig. (1). DPPH radical scavenging-actvity of EF-2001. EF-2041
reaiment showed higher radical scavenging activity than that of 0.2
mM Trolox, 3 positive reagent. * indicates 2 snificandy different
{p=10.01) from the conirel group.
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1.1 Antioxidative Potential of EF-2001 as Measured by
the Rhodan Iron Method

EF-200] admunistraton was measured for its ability to
mhibit auto-coadation wsing Imoleie zoid, an umsatorated
fatty aced. EF-2001 treztment resulted in maximal mbitory
values at day 3; thereafter, the mhubition of auto-cxidation
tended to decrease The postrve control, 02 mM Trolox
resulied m litle or ne merease m the mbubanon of auto-
coadation as compared to 0.5% EF-2001 (Faz. 2).

2 r

=#=Comirol {Waber)
=== . 2mM (Trolox)
== 5% EF200]

== FLank

Absorbancy at S00nm

Time {days)

Fig. (). And-oxidetive activity of EF-2001. Antioxidant activity
wias msessad by measunng the muto-oxidstion level of meamrated
Bty acid linolsic acid Contol indicates the maximum peroxdide
value in the first day. It was then decressed As described in Mate-
fsls and Methods antooxidstion of linolsic acid was messured
using the femic thiocyanate methed * mdicates 3 sigmificantdy dif-
ferent (p-10.01) from the consral group.

313, Inereaze in Lymphocyte Versus Polymorphonuclear
Leukocyte Ratio (L'P ratio) Following EF-2001 Treat-

ment

In order to measure the hmphocyte versus polymor-
phomclear leukocvte rafie (LF) of EF-2001, 10 neonatal
Swnzs-Webster nuce were divided mto the two diferent EF-
2001 and control groups. Salne was Lp injected info the con-
trol zroup, and EF-2001, desmz 200 pg'mouse, was 1p m-
Jecmdmmﬂ:.eexpmmnlgmup The amrow (1) mdicates
the mjection day, as shown m Fiz. (3). Sizmficant differ-
ences m LP rafio between the control zroup and the EF-
2001 -treated group (p = 0.01) were observed on davs &, 10,
and 14 of post-admumstration. The L'P rzhos of the mice
given EF-2001 (200 pz'mouse) were gradually ncreased,
depending on the admimstration days. The LP ratios m mice
given EF-200] were sgmficantly greater (p = 0.01) than
those of the control group.

3_.4. Anti-twmor activity of EF-2001 on Ebrbich solid Car-
cImoma

In muce beanng Elrheh solhd caremomas, 34 consecutrve
days of cral EF-200] admmstration (200 mgkz BW.) re-
sulted m 83.]1 % suppression m fumor size (p < 0.01), as
shown mn Table 1 and Fig (4).
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Fiz_ (3). EF-20i]-modulsted ncrease in ymphocyte verss polymorphonnclear lenkocyte ratie (LP ratio). Blood was collecied from the tai
veins of mice. Blood smears were smned with Wrght stam. 106 ol hophocytes md pobmorphomclest lenkocytes were comited m order fo
assess the ranio of ymphoecytes 1o polymerphomnclear leukocyes (LP rano). The LP moo was assessed each day afier inmaperionesl adminizma-
tion of EF-2001 (200 pg'mouse) i neonstal Swiss-Webster mice. The amow (1) shows e mjecton day. Significant differsnces between the
conimo] zroup and the EF-2001 zroup were found on 6, 10, snd 14 days post-injecton. * ndicates a sipnificantty different (p-10.01) from the con-

ol Zroup (saling).
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Fiz_ {4). Tumor growth-mhibitory effect of EF-200]1 m Ehrlich cancer cells-beanng mice. Changes in the size of the tumor (A). Changes in
the umer weight (B). After fumor implantation, we messnred the weight of the Sfth week of the tumor of each group. The results represent =
35D * significantly different from the control growp (p <0.05). ** Significandy different fom the conmel group (p =0.01).

Tablel. Antitumor effect of the orally adminiztered EF-1001 on the growth of Ehrlich solid carcnoma cells in mice.
Dze (me /e Admimiztration . . - Inhibition Rate
Sample BW.x Days PO) Days Number of Mice | Tumor Size (mm?) | Tumor Weight (g) (84}
Contol 1034 1-34 10 4018778 331098
EF-2001 20034 1-34 10 127522567 0802038 e

** Satisically dgificant (P 7.0/ ) fom e ool group.

15 Ant-tumer Activicy of EF-2001 onm Sarcoma 130
Solbid Carcinoma

In muce bearmg Sarcoma 180 solid carcmomas, 34 con-
secutrve days of oral EF-2001 admmistration (200 mgkg
BW.) resulted in a 0.3% suppression mn tumor size (p <
0.05), as shown in Tabls 2 and Fiz. (5).

1.6, IEN-p-Producing Activity of EF200] in Mice Bearmg
Sarcoma 130 Tumors

For the detechion of IFN-y, 2 mouse [FN-y ELISA kat was
used. As the results are shown m Fig. (64), the @ vive pro-
duction of IFN-y in EF-200]-admim=tered Sarcomald0 car-
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Tablel. Anfitmmor effect of orally adminivtersd EF-2001 on the growth of Sarcomal80 carcdnoma cells in mice.
Dwse (mele Administration % . . Imhihition Rate
Sample B.W.x Day: PO) Days Number of Mice | Tumor Size (mm’) | Twmor Weight (g) ()
Comiral 10=34 1-34 10 05,7852 105157
EF-2001 100=34 1-34 a 34627837 1R0=113° 6027 *

* Soathically sigmificae (e £ 04) Frope the coztrol Eoug,

CInomE-cATVIDg muice was sigmficantly mereased when
compared to the confrol group (P=0.03) (Fiz. 6A).

L7, TNF-o-Producing Activity of EF-2001 in Mice Bear-
g Sarcoma 130 Tumors

THF-x 15 well known to bring about tumer cytotoacity
in tumer-bearing animals. Therefore, TNF-o production was
exammed following EF-200] admimistration in mice bearmg
Sarcomal 80 tumors. The mouse TNF-o ELISA kit (Pierce
Buotechnology) was used to measure THF-a (Fig. 6B). Smu-

T
#00 s Coiirol
q
E e EF2001
=
0
=
Z
5
E
1a0
[:E
& 1 2 3 i 5
Weeks
Comsecutive oral adminiztration (34 tmes)
(a)
10
- = Control
=R
= HEF-200
E] ]
u
=
= 4
g 2
]
Groups
L]

Fig_ (5). EF-200] effect of on tomor growth o mice besring sar-
comz 150 cancer. Change i the size of the nonor (A). Changes n
mmor weight (B). Mice ware mbjacted to each process. After numor
implanxton, we messured the weight of the Gfth wesk of the numor
of each group. The result meams represents =3 5.0, * conmoel group
(B <1.05) ad siznificantty different ** From the conmol gromp (P
<1101} and sienificantly different

Lar to IFN-y production, the mice with the admumstration of
EF-2001 sigmficantly elevated the produchon of THE-o

38, IeM-producing Activity of EF-2001 in Alice Bearing
SarcomalS0 Tumor:

The mmmroglobubn-producmg capacity of B cells 1
based on the cells when they mteract with anfigens. Infially
IeM class anhbodies are expressed on the surface of B cells
and functions as receptors; they are regardad as an mdication
of an mmmumekogmeally reactive mmnmme system. Therefore,
we have exammed the effect of EF-2001 to IgM producton
m mice with sarcoma 180 tumer. Mouse IsM assay kit and
ELISA starter accessones package were used to measumre
IgM. Az Fig. (6C) shows, the producteon of IgM 15 dramati-
cally mereased followang EF-200] adnumstration (P<0.01).

3.9, IeGproducing Activity of EF-2001 in hice Bearmg
Sarcomal30 Tumor:

Becauze anﬁg-miu‘md B cells are converted mto IgG-
producing plasma B cells, m the Sarcoma 180 sohd tumor-
beanng mice, we examined the effect of EF-2001 on the
production of IgG. A mouse Ig(z ELISA quantitation kit was
used to measwre Iz the results are shown m Fig. (6D, EF-
2001 treatment sipnificantly mereased Iz(s levels m the mice
beanng Sarcoma 130 fumors, as compared with control mice
(P=0.01).

CONCLUSION

From the results of this study, EF-2001 having a ugh
concenfration of f-glucan stimulated the immme system m
mce and exhibited antiowcidant and antg-fumer acteity [21].
It was previously reported that Lactobacill: mupplementa-
fion m protectmg hamster lped peremdation mm semum and
Irver reduced the level of low density lipoprotem [22]. Inks:-
bition of ceaidation events in the mtemnal organs and hairless
mice induced by ultraviolet light in the skin has also been
obsarved [23].

With respect to the mam component of the EF-200, there
1z also a possibality that B~ glucan 15 not dwectly responmble
for s anf-condant actrvaty, but it bongs 2 bgh anhowdant
activity for the direct destruchion of the tumor cells. Smee
hrmphocytes Epem.ﬁca]l_'; recogmze the pathopenic bacteria
to mduce an a.d.aptr.'e Imrmne response, the mechanism of
achon of EF-2001 15 to be specifically mvestizated. There-
fore, the rato of hmphocvies verms polvmorophonuclear
leukocytes was mezsured as 2 measure of mnmme exhancing
capacty [24]. EF-200] mereazed the L'P ratio m the i vive
h'mpb:»c\rte count and the mereased amount was sigmificant
m the mice group treated with EF-2001.
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Fig. (). The efects of the EF-2001 of repeated adminiztration oo the levels of IFM-y (A), ToF-x (B), I=M (C) aad IzG (D) in mice with
Sarcoma 130 cancer. Changes in the levels were obtained The remlts megsured represent = 5 0. IFH-y and THF-x concaniraton (pg | mouse) a5
well as IzM and IzG concentration (ng /ml) were also maasured (* P <0.05), ** significantly different from the control growp (p <0.01).

The in vive antitumor mecham=m of EF-2001 m Sarcoma
180 sohd and Ehrhich sobd carcinoma-beanng mice 15 mfer-
estng. To uncover the EF-2001 -nduced momume 5 T
fumer-bearmg mice, we examined the effects of the EF-2001
on inflammatery cytokine pmdmhm:l_ As shown m Fig. (6),
IFH-y levels were meveased in mice bearing Sarcoma 180
solid tumers after admumstration of EF-2001. Cellalar m-
e activation 15 suggested to be mdeed activated by EF-
2001, because [FN-y 15 exclusmvely produced by T cells and
NE cells. THF-2 whan producion, observed by EF-2001
muce with no Sarcoma 180 sohd fumer weatment, was lgher
than the THF-o control levels when measured with the EF-
2001-treated mice compared to (Fig. 6B). THF-o has a dif-
ferennanﬂvnfupmmns on the target cell [t mduces the
expression of suppressing mierlenkm-mediated zrowth of
tumer cells-2 receptor and the produchon of IFN-y from T
cells. In addition it also increases the antibody production by
B cellz. THF-a has also been known fo merezse the cytotoxe
actvity of NE cells. Therefore, our results show that the
produchion of THF-o was mereased m puce with cancer
treated with EF-2001.

It was shown that fumor-beang mice treated with EF-
2001 exprezsed higher amounts of Igh than that of the con-
trol group (Fig. 6C). The exhanced level of IgM expres=ion
15 possibly based on the enhancement of B cell capacity in
the EF-2001 group, smce premature B cells express an IgM
a5 an antigen receptor, followmz activation of CD4 T cells.
Fmally, m muce beanng Sarcoma 180 mumors, the groups
treated with EF-2001 showed higher levels of IgG produc-
tion than the confrol groups (Fig. 600 It 15 known that an
mereaze m [z level increased phagocvies and macrophages.
L4 is known as an IgMTIzG shifi-mediaons interlenkm.
IFH-y and 0 -4 collsboratively mediate Th]l and Th? differ-
enfiations.

As the different tumor models (Blulich sobd and Sar-
comal 80 carcmoma) have been assessed for anhi-tumer ac-
ity of EF-2001, the tumor-mbubiting capacity of EF-2001
admumistration in Ehrlich solid carcinoma was approxmmateby
£3%, whereas if was approxmmately 60% m Sarcoma 180
l:arcmama Thes mdicates that EF-200]1 has a strong anb-
tumor effect on the carmnoms and suggests that EF-2001
enhances the finchons of macrophages and NE cells,
thereby suppressing tumor proliferation. Alse, the remark-
able merease i THF-o production suggests an activahon of
T cell actrvation and, thus suppressing tumor growth. Thus,
the anti-tumor activity of EF-2001 mught be based on the two
different mechamsms of 1) direct anti-humor activity and 2)
mdwect response to the host immmme system. In the EF-2001
group, the expression levels of IFM-y and THF-o wia the cel-
hnlar mnommne response were observed; however, the humor-
mhuhiting effect was not strong. Therefore, 1t 5 conmidered
that the THF-o expression may elictt anfi-tumor achvity, as
&.epnssibﬂﬁyissmrt&db} the producton of THF-a for
the penod [25]. Nothly, m vive THF-a expression was re-
ported to mhibrt fumer zrowth and mbavenous adoarsira-
tton of THF-o also miubats fumor growth woculated m mace
mtradermally [26]. For ths 13me, the THF-o function m the
anh-fumaor capactty of EF-2001 can be further exammed by
several experiments using THF-o-specific anhbodies.

Bacamze EF-2001 has been used an annﬁmgalagenr it
can be apphed for leukemme pahEnt: AMONE VAILOUs CANCcers,
who are at ligh nsk of mvasive fimgal mfechons, EF-2001
as THF-o-tnggering agents can therefore applhed with the
duzl therzpeutic antfingal and anh-tumer actrvites. As pre-
viously reported [27], the enhanced anfi-tumer chemothera-
peutic potential in lung cancer patients was observed when
amphotericin B was miravenously admimistered, suggestng
the effect of EF-2001. However, climical trials to develop
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combinztion therapies imvolvmg EF-2001 requre finther
mmmumelogical and pharmacelogical mvestization m cancer
pafients.

LIST OF ABBREVIATIONS

BEM = Buological response modifier
DFFH = 1, 1-diphenyl-2-prery by drazyl
ELISA = Enzyme-lmked immunosorbent assay
IFHy = Interferon- v
THF-z = Tumor necrozis factor-o
NE = Mataral kaller
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