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Potential Antitumor Activity of a Low-Molecular-Weight Protein Fraction
from Grzfola Jfrondosa Through Enhancement of Cytoklne Production

Nonko Kodama}-* Shigeto MlleIlO leoakl Nanba,* and Naoak1 Saito!

T Laboratory of Molecular Pharmacology, Bzoszgnal Research Center Kobe University; and Departments

of 2Basic Educational Center for Pharmacy and *Medical Pharmaceutics, *Kobe Pharmaceutical University, Kobe, Jopan

ABSTRACT. Edible mushrooms contain an abundance of immune-enhancing nutritients: Some of these compounds, referred
to as biological response modifiers (BRMs), have been used in biological therapies for cancer treatment. We obtained a low-
molecular-weight protein fraction (MLP-Fraction) from the fruiting -body of the maitake mushroom Grifola frondosa by.
multiple sequential steps, including ethanol precipitation, DEAE-exchange chromatography, and gel filtration. The effect of
the. MLP-Fraction on the immune system was determined using normal mice. This resulted in a simultaneous increase in
splenocyte proliferation and production of cytokines sich as interléukin (IL)- 1, tumor necrosis factor-a, IL-10, IL-12, and
interferon (IFN)-y. The expression levels of IFN-y and IL-12 in antigen-presenting cells (APCs) and the activation of natural

* killer (NK) cells, macrophages, and dendritic cells were observed: These results suggest a mechanism in which NKcells' are’

- activated through cytokines produced by APCs. We also confirmed the possibility that the MLP-Fraction acts as a BRM using
colon-26 carcinoma-bearing mice. This fraction enhanced the production of IL-12 and TFN-y by splenocytes in tumor-bearing
'mxce and-clearly showed an inhibitory effect on tumor cell growth.

KEY WORDS * antitumor activity * biological response modifiers ¢ cytokine production * low-molecular-welght protein

~ fraction

INTRODUCTION

BIOLOGICAL RESPONSE MODIFIERS (BRMSs) are com-

pounds typically used to treat diseases, related to dis--

orders of the immune system (e.g., cancer, infection,
»Jallerg1es), BRMs -augment or restore naturally occurring
processes. . They are also used to reduce certain side ef-
fects of - some anticancer -drugs such as mitomycin-C
(MMOC), 5-fluorouracil,. and c1splat1n ° BRMs may also
exhibit a direct or indirect anticancer effect by enhancing
adaptive immunity associated with the activation of cyto-

toxic T-cells as well as innate immunity associated with the

activation of macrophages, dendritic cells (DCs), and natural

killer (NK) cells:1%-11 Biological therapies such as' BRMs:
have been used in cancer treatment with the aim of reducing

the serious side effects of anticancer drugs.

Various mushroom extracts, - categorized ‘as BRMs,
have been. reported to possess antiviral, antibiotic, anti-
inflammatory, antlhypoglycermc antihypocholesterolemic,
and antihypotensive activities.!* 7 Several polysacchandes
extracted from mushrooms also possess antitumor and im-
munomodulatory properties. In 1987, we identified a poly-
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saccharide consisting of a B 1,6 main chain with -1,3

“branches at aratio of 5:4 from the edible maitake mushroom

{Grifola frondosa (Dicks) Gray]. We named this polysac-
charide “‘maitake D-Fraction” (MD-Fraction) because of
the mixture of f-glucans (molecular weight, 1,000,000—
1,200,000).18:19. Apalysis of MD-Fraction revealed that its
protem content was less than 0.1% -of the total sugar
‘weight.'® This indicated that MD-Fraction contained small
proteins or peptides of unknown identity bound to B-glucan.

‘MD-Fraction has been reported to enhance activation of
macrophages DCs, NK .cells, and T-cells. Moreover, -t
exhibits antitumor activity, w1thout side effects, in both
tumor-bearing and normal mice.>** We also reported that
combined treatment with MMC and MD-Fraction reduced
the tumor size, compared to MMC ‘treatmnent alone, by at-
tenuating the decrease in the number of i immune cells, such
as macrophages, DCs, NK cells, and helper T-cells as well
as eytotoxic T-cells, in tumor—beanng mice.” In animal

" experiments, we demonstrated that MD-Fraction enhances

the - T-helper 1 (Th1)-dominant response, including cell-
mediated immunity associated with cytotoxic T-cell acti-
vation, but not humoral immunity associated with B-cell
activation.”>®* Phase II _clinical trials evaluating MD-
Fraction in breast cancer patients are underway at the
Department of Integrative Medicine at the Memorial Sloan-

Kettering Cancer Center, New York, NY, USA. In Japan,

our research group monitored the activity of T-cells or
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NK cells during non-randomized. trials investigating MD-

Fractlon therapy in patlents with stage II-IV lung and’ breast
cancer.?> In breast cancer, it has been reported that NK cell
- activity is closely related to disease progression.® Although
most polysaccharides extracted from edible mushrooms have
been reported to possess antitumor effects in animal exper-
iments, their pharmacological use as anticancer drugs or

- immunomodulative drugs for cancer patients is not yet been’

approved, with the exception -of lentinan from' Lentinus
. edodes and polysaccharide-K (PSK) from Coriolus versico-
lor*"*8 To obtain approval, the most essential points to be

~ clarified are the cellular and molecular mechanisms . under--

lying. their anticancer activity. MD-Fraction is difficult to
- purify because of its unstable structural conformation due to

~ the frequent presence of hlgh-molecular-welght side chains -

as well as the presence of contaminating lipopolysaccharide,
a well-characterized bacterial cell wall polysaccharide with
strong immunostimulating activities. We have therefore not

been'able to elucidate the intracellular signal transduction

‘mechanism associated with the anticancer effect of MD-
Fraction.. However, elucidation of this mechanism is-essen-
tial for enabling its pharmacological use in cancer patients.

" Mushroom-derived products have a significant role in the
discovery and development of potential medicinal agents.
Water-soluble extracts and low-molecular-weight fractions
from edible mushrooins have been the focus of research, and
their immunostimulatory effects have been reported.” It has

* been demonstrated that GLPP (molecular weight, 6,600) from
Ganoderma lucidum has’ the potential to be-used as an adju- -

_vant to conventional cancer treatment and in cancer preven-
tion.*® It was reported that the immunostimulating EX-GF-Fr.

Il from G. frondosa has a molecular weight of 2,800.>' The

water-soluble extract from the maitake mushroom (G. ﬁon-
dosa) contains some’ pharmacological components also found
“in. MD- -Fraction. Small components consisting of sugars,
small proteins, and peptides in water-soluble compounds

‘might be derived from substances of high-molecular-weight

material, vincludin'g protein and sugar. This may be the result
of enzymatic or physical destruction of larger structures

during the process of obtaining the water-soluble extract from:

whole maitake mushrooms. We are: therefore searching for
fractions containing novel individual components.of the MD-
Fraction (new sugars; peptides, or small proteins; specifically

those with low molecular weight) that enhance proliferation.
of immune cells and cytokine productlon and possess en- . -

hanced antitumor activity.

In the present study, we first used the original protocol
based on the viability of the human monocyte cell line THP-
1 to find fractions from the water-soluble extract of dried,

powdered G: frondosa fruiting body. Second, to confirm the
immuiomodulating activity of this low-molecular-weight

protein - fraction . (MLP-Fraction), we targeted cytokines

(interleukin [IL]-1e, IL-10, IL-12, interferon. [IFN]-y, and

tumor necrosis factor. [TNF]-a) produced by splenocytes,

including macrophages, DCs, T-cells, and NK cells. We. -

- report that MLP-Fraction exhibited immunostimulating ac-

tivity'and enhanced the production of IL-12 and IFN-y by e

splenocytes, resulting in an antitumor effect in mice. We

' "gel filtration using Milli-Q®

“propose a useful protocol for easy identification of a po- .

tential fraction from numerous neutral components con-
tamed in water-soluble extracts.

MATERIALS AND METHODS‘
Animals ' -

. Female BALB/c mice (5 weeks old; Crea Japan Co.,
Tokyo, Japan) were raised for a week before use in exper-
iments. Mice were fed a rodent diet, CE-2 (Crea Japan), and
water was provided ad. libitum. The. study protocol was

approved by the institutional ethics committees of Kobe
Phannaceut1cal Umvers1ty (Kobe J apan)

Preparatzon of Hot extract and 5000cut-Fraction
from G. frondosa fruztmg body

Dried powder from the fruiting body of the ed1b1e maltake
mushroom (G. frondosa) was kindly provided by Yukiguni
Maitake Co. (Niigata, Japan). The dried: powder was’ sus-
pended in deionized water and autoclaved for 15 minutes at
110°C to obtain a hot extract designated “Hot extract.” A
5000cut-Fraction was filtered from the Hot extract by cen-
trifugation to obtain substances having a molecular weight
less than 5,000.

F ractzonatzon of MLP-F. ractzon

Hot extract was prepared as described previously. Ethanol '
(EtOH) was added at a final concentration of 50% to-the
prepared Hot extract at 4°C. The precipitate was removed,
and the remaining mixture was allowed to stand for an ad-
ditional 2 hours to allow further precipitation. The super-
natant was obtained by. centrifugation at 7,000 g and named

-+, “50% EtOH sup.” The supernatant was applied to a DEAE-

Cellurofine (Seikagaku Co., Tokyo) . column to remove
nonadherent substances using Tris-HCI buffer (pH 8.0) as

the eluant. Adherent substances were then eluted with 0.2M
NaCl in Tris-HCI buffer (pH 8.0). Each fraction was tested -

for its effect on the proliferative activity of MMC-treated
THP-1 cells. The peak. fractions showing maximum activity
were collected (Fig. 1A). The mixture obtained was. desig: -
nated “DEAE-Fraction,” wh1ch was then separated by G-10
(Millipore, Bedford,” MA, .
'USA) water to obtain the crude MLP-Fraction (Fig. 1B). A
second more intense gel filtration process was performed to

" further purify the crude MLP-Fraction and to remove salts
_ (Fig. 1C). The fraction in which the. protein peak coincided
--with peak activity was then collected, filtered, and stored at-

_4°C. The fraction was named “MLP-Fraction.” The protein

yield of MLP-Fraction from Hot extract was 0.01% (Table
1).. MLP-Fraction contained a protem concentratlon of

" 1.5 ug/mL but no sugar

Cells v‘ :

THP—l (a human monocyte cell line) and colon—26 car-
cinoma cells (a mouse rectum catcinoma cells) were pro-

-vided by the Cell Resource Center for Blomedlcal Research
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FIG 1. Pattcm of DEAE—exchange chromatography of (A) Hot extract and Sephadex G-lO ﬁltratlon of DEAE Fraction ([B] crude material and .
- [ punﬁed) The 50% EtOH sup was applied to a. DEAE-Cellurofine column (3 cm diameterx60cm). Nonadherent substances were removed
with 12.5 mM Tris-HCl (pH '8.0), and the DEAE-Fraction was then eluted with-0.2M NaCl/12.5 mM. Tris-HCI buffer (pH 8.0) and collected.
. DEAE-Fractron (A) and crude MLP-Fraction (fraction 86) (B) were applied to a Sephadex G-10 column (2 ¢m diameterx90 cm) and eluted with
Milli-Q water (C). The total amounts of sugar and protein contained in‘each fractlon were determined and then exammed usmg 10 uM MMC for

15 hours to determme prohferatmn activity (percentage)

‘at Tohoku Umversu:y (Senda1 Japan) THP-l cells and
colon-26 carcinoma cells were cultured in RPMI-1640

medium (Nissui Seiyaku Co., Tokyo) containing pemclllm/ o
. streptomycin and 10% macuvated fetal bovine serum and )

maintained at 37°C ina 5% Co, mcubator

. Antib,odie.f

Antlbodles Were purchaséd from Pharmingen Co. (San
Diego, CA, USA). The antibodies were: anti-mouse CD16/
CD32 2. 4G2) (0 5mg/mL), R-phycoerythrm (PE)- or ﬂuo—

" rescein isothiocyanate (FITC)-conjugated anti-mouse CD69
(H1.2F3) (0.5mg/mL or 0.2mg/mL), FITC-conjugated
anti-mouse NK1.1 (PK136) (0.5 mg/mL), R-PE-conjugated -
anti-mouse CD49b/PanNK (DX5) (0.2mg/mL), BD-Cy-
Chrome (PE-Cy 5)-conjugated anti-mouse CD3¢ (145-
2C11). (0.1 mg/mL), FITC-conjugated aniti-mouse I-A/I-E
(MHC II)' 2G9) (0.5mg/mL), PE-Cy5-conjugated anti-

mouse CD45R/B220 (RA3-6B2) (0.1 mg/mL), PE-Cy7-

-conjugated anti-mouse CD11b (M1/70) (0. lmg/mL), :
FITC-conjugated anti-mouse CD11c (HL3) (0.5mg/mL),
'R-PE—conjugated' anti-mouse IFN-y'XMGl.Z (0.1 mg/mL),

TABLE 1. COMPARISON OF THE EFFECTS OF Hor EXTRACI' 50% ETOH SUP DEAE FRACTION CRUDE MLP- FRACTION

- AND NILP—FRACTION oN THP-1 CerL PROLIFERATION ACTIVITY IN THE PRESENCE OF MMC

" Sample

Proliferation activity”

" Protein concentratton ( ug/mL) Total protem (mg) Yield of protein ( %)_
Hot extract 6,615.5 132,310 100.00" 100.5+2.23
50% EtOH sup 5,814.5 1 116.290 88.90 100.1+1.36 -
DEAE-Fraction 92,6 12.506 - 9.47 1003203
Crude MLP-Fraction 277 -0.224 0.17 101.4 £0:09 .
MLP-Fraction - R ) - 0.015 0.01-- 124.51-8.64*
Control 0.0 0.000 — 100.0+0.00

-"Each sample was. prepared (.5pug/ mL protein), and 1 L of the prepared sample or Milli-Q water (control) was checked usmg 10uM MMC for 15 hours to )
determine proliferation activity (percentage). Dunriett’s- test was used for statistical comparisons.

*P <05, in comparison to the control with MMC.
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and R-PE-conjugated anti-mouse IL-12 (p40/p70) ClS 6
(0. l mg/mL)
Evaluation of tumor inhibition ratio ( TIR)

The colon-26 carcinoma cell strain originated from a
BALB/c female mouse. We therefore established a colon-

26 carcinoma-bearing mouse by transplantatron of carci- -
noma cells into a female mouse. Colon-26 carcinoma cells

" (1x10°) were 1mplanted into the right axillary region of -

“ female BALB /c mice (6 weeks old). After 24 hours, MLP- -

* Fraction (1.5, 7.5, or 15.0ng per mouse per day) or saline-- .

. was administered intraperitoneally to the carcinoma-bearing
mice for 7 consecutive days. On day 8, the tumor was ex-
_cised and weighed to obtain the TIR. TIR was calculated
according to the following formula
| TIR (%) (l — [mean solid tumor werght of MLP-
treated group/mean solid tumor weight
of saline- treated group])x 100.

Preparatzon of splenocytes

" MLP-Fraction (1.5, 7:5, or 15. Ong per mouse per day) or

saline was administered intraperitoneally to separate’ groups,
‘consisting of four to six normal female BALB/c mice or
colon-26 carcinoma-bearing mice, for 7 consecutive days.

“ On day 8, spleens were removed, and cells were prepared .

(1x10° cells/0.1 mL per 96-well plate) and tested for cy-

tokine- production using  enzyme-linked 1mmunosorbent

‘assay kits. (Pierce Biotechnology Inc., Rockford, IL, USA)
after a 24-hour incubation. Splenocytes were also used to

- test for the activation of macrophages, DCs, and NK cells
“and the intracellular expression of IL-12.and IFN-y in

_splenic antigerr-presenting cells (APCs), as well as for their
proliferation activity )

Evaluatwn of cell v:ablltty and prollferatton .
activity of THP-1 cells - »

To-determine THP-1 cell v1ab111ty, each test sample was.

~added to THP-1 cells (4.8x 10’ /0 1 mL per 96-well plate)

and incubated with and without 10 uM MMC for 15 hours at B

'37°C'in a 5% CO, incubator. After incubation, 10 uL of
WST-8 [2-(2-methoxy-4-nitrophenyl)-3-(4-nitrophenyl)-5-
(2;4-disulfophenyl)-2H-tetrazolium, monosodium salt] re-

agent (Nacalai Tesque Co., Kyoto, Japan) was added to the =
cultured cells and incubated for an additional 2 hours. Ab- -

sorbance was measured at 450nm (reference, 650 nm) to
determine cell viability and proliferation activity by mea-
suring intracellular dehydrogenase activity. Sterilized Milli-

* Q water was used as the control. Cell viability (percentage).
and proliferation activity (percentage) of THP-1 cells were "

. calculated according to the followmg formula;

V1ab111ty (%)= (Absorbance of each fraction sample
: with MMC/absorbance of control
without MMC) x 100

Prollferation activity (%) = (Absorbance of each fraction
sample with MMC/absorbance
‘of control with MMC )x 100

To determine splenocyte proliferation, MLP-Fraction was
administered to normal mice for 7 consecutive days. Spleens
were then removed, and the prepared splenocytes (1x10°/
0.1 mL per 96-well plate) were incubated with WST-8 re-
agent for 2 hours, and absorbance (450 nm/reference
650nm) was determined. Saline was used as the control.
Proliferation activity (percentage) was calculated according

- to the following formula:

- Prohferatlon act1v1ty (%)= (Absorbance of each sample

from MLP-Fractlon treated
_mice/ a_bsorbance of sample
from saline-’treated mice)

x 100

F low cytometry

~ Splenic macrophages, DCs, APCs and NK cells were
stained for specific . cell - surface markers: macrophages

(CD11b™), DCs (CD11c™), APCs (MHC II'" B2207), and

NK' cells - (CD3¢™ PanNK' or CD3¢ NKI. 1*‘) Macro-
phages, DCs, and NK’ cells were subsequently double-
stained for CD69 as the earliest activation marker of these
cells.?®232 In brief, for cell surface antrgen detection in NK
cells, 100 L of splenocytes (1x107/mL) was mixed with
0.5 uL of anti-mouse CD16/CD32 in a tube to block the Fe

receptor ‘and allowed to react at 4°C for 5 minutes. The

mixture was incubated with 0.5 uL of FITC- or 1.25 uL. of
R-PE-conjugated anti-mouse CD69 (0.5 mg/mL), 1.25 uL
of R-PE-conjugated anti-mouse PanNK or 0.5 uL of FITC-
conjugated anti-mouse 'NK1.1, and 1.25ul. of PE-CyS5-
conjugated anti-mouse CD3¢ (mouse antibodies >1 ug) at

“4°C for 30 minutes, washed with washmg ‘solution (0.09%

NaNj; and 1% fetal bovine serum in phosphate-buffered
saline), then suspended in 0.5 mL of washing solution, and .
enumerated using a FACScan™" flow cytometer (Beckton.
Dickinson, ' Grenoble,” France). For cell surface antigen -

" detection of macrophages and DCs, 1.25uL of PE-Cy7-.

conjugated anti-mouse CD11b (for macrophages), 0.5 uL of
FITC-conjugated anti-mouse CD11c¢ (for DCs), and 1.25uL -
of R-PE-conjugated anti-mouse CD69 (for macrophages and :
DCs) were used, respectively. - »
For detection of APC mtracellular IL-12 or IFN-y, 2 mL

. aliquots of splenocytes (2x10 /mL) were applied to 24-

well plates. Ionomycin (1 ug/mL) and phorbol “12-myr-
istate-13-acetate (25 ng/mL) were added to each well and
subsequently incubated with 2.8 uL of Golgi Stop  (Phar- -
mingen Co.) at 37°C in an atmosphere of 5% CO, for 4
hours. After incubation, 0.5 uL of anti-mouse CD16/CD32

was mixed with the cells and allowed to react at 4°C for .
5 minutes. Subsequently, 1.25ul.’ of FITC-conjugated
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antl-mouse MHC II and 1,25 uL of PE-Cy5- conjugated anti-
mouse CD45R/B220 were added to the cells and incubated

_ at 4°C for 20 minutes. After the reaction, the cells were
"~ washed with stammg medium (0.05% NaN; and 1% fetal

bovine serum in phosphate-buffered saline), incubated with
100 L of Cytofix/ Cytoperm " (Pharmingen Co.) at 4°C for
20 minutes, and washed again with Perm/Wash (Pharmin-
gen Co.). The stained cells were reacted with 2.5 uL of R-
PE-conjugated anti-mouse IL-12 or anti-mouse IFN-y at 4°C
for 30 minutes, washed with Perm/Wash, suspended in
50 uL of staining medlum, and enumerated using FACScan
flow cytometry : :

Determmanon of concentrations of IL-] o, IL-I 0 IL-] 2
TNF-«, and IFN-y -

Splenocytes ( 1x107 / mL per 12-well plate) were cultured
for 24 hours at 37°C in a 5% CO, incubator. The culture

supernatant was collected by centrifugation. The concentra-

tions of TL-1¢, IL-10, IL-12, TNF-¢, and IFN-y were deter-

mined using the appropriate mouse cytokine enzyme-linked

1mrnunosorbent assay klt (Pierce Blotechnology Inc)). -

Determmatton of the concentratzon of sugars and proteins

- Total sugar concentration was determined by the anthrone

method.>* Total protein concentration was determined using- -

a m1c_ro BCAprotem assay kit (Pierce Biotechnology Inc.).

L Statlstzcal analysis

Data are expressed as mean & SD values. Slgnlﬁcant ,
differences were analyzed using the analysis of variance and -

a post hoc-test (Dunnett’s test).. A value of P < .05 was
considered -statistically significant between each sample

- (Hot extract, 50% EtOH sup, DEAE-Fraction, crude MLP- .

Fraction, or MLP-Fraction)-treated group and the control
group. Sterilized Milli-Q water or saline was used as ‘the

control. Student’s ¢ test was used for comparisons between

two groups. A value of P < .01 or P < 001 was consrdered

S statlst1cally s1gmﬁcant

| _ - RESULTS
. Effects of Hot extract and 5000cut:Fraction
-on viability of MMC-treated THP-1 cells

- Figure 2 shows the effects of Hot extract and SOOOCut-
Fraction on_the viability of MMC-treated THP-1- cells.
'MMC treatment alone decreased the viability to appr0x1-
mately- 40% of the control. Viability increased in cells

treated with Hot extract and 5000cut-Fraction in a concen- -

: 'trat1on-dependent manner. Addition of Hot extract or
5000cut-Fraction alone had no effect on cell viability

compared with the control without MMC (data not shown).

We also examined the cytotoxicity of Hot extract or

* 5000cut-Fraction towards THP-1 cells using trypan blue; no
~ toxicity to THP-1 cells was observed. These results suggest -

" the existence of promising low-molecular-weight products
in Hot extract and SOOOCut-Fractlon

a

~ 100
*
? 80-
t.

2 9%
T 40 //
. .
(¥} | %
l
0. [

0 05 10 50 05 10 50
5000cut-Fraction .
(& L10.1 mLi96-well plate)

Hot extract

© (1 L101 mLSG-well plate}

'FIG. 2. Effects of Hot extract and 5000cut-Fraction on viability of

MMC-treated THP-1 cells. The effects of Hot extract.and 5000cut--

 Fraction on THP-1 cells were investigated using 10 uM MMC for 15

hours'to determine viability (percentage). Data are mean = SD values
_of three independent experiments (n =3-5 per experiment). Statis-
tical. s1gmﬁcance was evaluated by analysis of variance and Dunnett’s

test. ¥P < .05, in comparison to the group without addmon of Hot
© extract and '5000cut-Fraction. v

Effects of MLP F ractzon on vzabzltty and prolzferatton

actzvzty of MMC-treated THP—] cells.

To evaluate the proliferation act1v1ty of. MLP Fractlon we
tested 1 uL. of each sample in a 96-well plate. The results were
as follows: Hot Extract, 133.8 + 8.62% (6,615.5 ng of protein);
50% EtOH sup, 157.6+4.93% (5,814.5ng of protein);
DEAE-Fraction, 131.1 4 12.05% (92. 6ng of protein); crude

- MLP-Fraction, 149.2+2.93% (27.7ng of protein); MLP- -
~ Fraction, 124.5 + 8.62% (1.5 ng of protein). To compare dif-

ferences in activity between Hot extract and MLP-Fraction,
Hot extract and MLP-Fraction were individually added to the
plates at identical protein concentrations (Table 1). When
MMC-treated THP-1 cells were stimulated with Hot extract
(1.50g/0.1 mL per well) in a 96-well plate, no change was
observed in proliferation activity compared with the MMC-
treated control. In contrast, MLP-Fraction significantly in-

© creased the activity to 1.25 times that of the control. The results

indicate that even though MMC reduced THP-1 cell prolifer-

- ation activity, MLP-Fraction acted to overcome these adverse -
. effects, by i increasing proliferation activity. We compared the

effect of MLP-Fraction on THP-1 cell viability-in the presence ~ |

-~ and absence of MMC to determine whether MLP-Fraction had

an effect on the activity in the absence of MMC Figure 3
shows that THP-1 cell viability increased i in a concentration-
dependent manner when THP-1 cells were stimulated with ™
MLP-Fraction, in both the presence and absence of MMC. .
This suggested that MLP-Fraction could act as a BRM in the

- absence of MMC by stlmulatmg the i immune system in mice.

Prolzferatton acttvzty of splenocytes from normal -
mice admzmstered MLP-Fraction.

To 1nvest1gate whether MLP-Fractlon increases splenocyte
proliferation, MLP-Fraction was administered to -normal
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. FIG. 3. .Comparison of the effects of MLP-Fraction on THP-l cell -

viability in the presence and absence of MMC. The effect of MLP-
" Fraction on THP-1 cells was evaluated in the presence and absence of

10 uM MMC for 15 hours to determine viability (percentage). Values
are mean = SD values of three independent experiments (n = 3-5 per
: expenment) Statistical significance was evaluated by analysis of
variance and Dunnett’s test. *P < .05, in comparison with the control
‘with and without MMC lnd1v1dually

BALB /¢ mice for 7 consecutive days in the absence of MMC
The activity was significantly increased in splenocytes from
MLP-Fraction-treated mice compared with those from saline-
treated ntice, with maximum activity observed at a dosage of
- 7.5ng (Fig. 4): These results suggest that MLP-Fraction stim-
ulated the proliferation of splenocytes in normal mice, indi-
cating that MLP-Fraction may enhance the- immune system
through the activation of macrophages, DCs, and NK cells.

Production of IL-Ioc IL- 10 IL-12, TNF-q, _
and IFN-y by splenocytes from normal mice -
administered MLP-Fraction . ;

We measured the levels of IL-1a, IL-10, 'IL-1'2,' TNF-a,
and IFN-y produced by splenocytes from normal mice after
administration of MLP-Fraction for 7 consecutive days:.

Figure 5 shows that treatment with MLP-Fraction increased-
the levels of IL-10, IL-12, TNF-o, and IFN-y in a dose- -

- dependent manner. The IL-1u level was maximal at a dosage
- of 7:5ng. The results support the hypothesis that MLP-
Fraction directly or indirectly enhances the activation of the

macrophages, DCs, APCs, and NK cells that are respon51b1e .

» - for producmg these cytokmes

Actzvatton of splemc macrophages, DCs, and NK cells
in ‘normal mice administered MLP-Fraction -~

‘We mvestrgated the activation of splenic macrophages

DCs, and NK cells by detecting the expression ratio (per-
. centage) of CD69 (a known early activation marker of these
 immune cells) (Fig. 6). Treatment with MLP-Fraction in-
creaséd the expression ratio of CD69 on macrophages and

_ DCs ata dosage between 1.5 and 15 ng (Fig. 6A and B), The .
- CD69 expression ratio .on- NK cells increased.in a dose-

dependent manner (Fig. 6C and D). In particular, activation -

- of NK cells was markedly increased compared with that of
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FIG. 4. Effect of MLP-Fraction',on solerlocyte proliferation in

- normal mice. MLP-Fraction was administered (intraperitorieally) to -

four separate groups consisting-of four to six normal BALB/c mice (6
weeks old) for 7 consecutive days. Splenocytes were collected on
day 8, and the effects of MLP-Fraction on splenocyte proliferation
activity were determined. Data are mean & SD values of three inde-
pendent experiments (n=3-5 per expenment) Statistical signifi-
cance. was evaluated by analysis of variance and Dunnett’s test.
*P <.05,in comparrson with the salme—treated group..

the other cell types. These results suggest that NK cells were
activated through IFN-y and IL-12, produced by splenic
macrophages and DCs, in mice treated wrth MLP-Fraction.

Expression of intracellular IFN—y and. IL-12 in splemc

"APCs from normal mice administered MLP-Fraction

NK cells were activated by MLP-Fraction (Fig. 6C and D),
but IFN-y expression in splenic NK cells did not differ signifi-
cantly between MLP-treated and control mice (data not shown).

- This result suggests that the increase in IFN-y produced by

splenocytes was derived from APCs, including activated mac-

-1ophages and DCs. Therefore, we targeted macrophages and
' DCs and analyzed the expression (percentage) of these cyto-

kines in APCs depleted of B-cells (MHC II"B220™ cellsina
monocyte gate), as detected by flow cytometry. The expression
ratio of IFN-y and IL-12 in APCs cells increased significantly

- “after MLP-Fraction administration (7.5 ng per mouse per day)
* compared with saline administration (Fig. 7). This suggests that

MLP-Fraction activated NK cells through production of IFN-y
and IL-12 by activated macrophages and DCs

Growth of colon—26 carcinoma cells in mtce admzmstered

. MLP-Fraction .

" To 1nvest1gate its antitumor effect, MLP-Fractron was
administered to colon-26 carcinoma-bearing mice for 7
consecutive ‘days. As expected, MLP-Fractron ‘inhibited..

_ - carcinoma cell growth; the TIR was 67% at a dosage of
- 7.5ng (Fig. 8). This result indicated that MLP-Fractlon has
an antitumor. effect:

Productzon of IFN-y and IL-12. by splenoeytes in colon 26
carcinoma- bearing mice administered MLP-Fraction

We 'measured levels of IEN-y and IL-12 produced by
splenocytes from carcinoma-bearing mice administered an

'\
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FIG.5. Effects of MLP-Fraction on production of IL-1e, TL-10, IL-12, TNF-ot, and IFN-y by splenocytes from normal mice. MLP—Fractlon was
- administered (intraperitoneally) to four separate groups consisting of four to six normal BALB/c mice (6 weeks old) for 7. consecutive days.
Splenocytes were collected on day. 8, and the effects of MLP-Fraction on production of IL-1a, IL-10, IL-12, TNF-¢, and IFN-y by splenocytes
were determined after a 24-hour incubation. Data are meanz SD values of two or three mdependent experiments (n=3 per experiment).
Statistical significance was evaluated by analysis of vatiance and Dunnett’s test. *P < 05, in comparison with the saline-treated group.

MLP-Fraction at a dosage of 15 ng. There were signiﬁcarlt ,

differences between. the MLP-Fraction-treated group and
the saline-treated group on day 8 (Fig. 9). This result sug-
gests that MLP-Fraction enhanced the activation of macro-
phages, DCs, and NK cells, thereby 1nh1b1t1ng the growth of
- tumor cells

DISCUSSION

The immune system has a. crucial role in body defense and
the prevention of cancer. Besides cytokines such as TNF-u
- IFN, ILs, and growth factors, many ‘polysaccharides have
“been reported. to_activate the immune system, thereby by

- enhancing host defenses Therefore, polysaccharides are -
_expected to be useful in the treatment and prevention of

cancer. The polysaccharides PSK and lentinan extracted
" from edible mushrooms are used to treat cancer patients.”’

- We. discovered MD-Fraction from ‘the maitake mush—
. room and studied its antitumor activity in vivo'®> and
ex vivo.>?% MD-Fraction was reported to activate macro-

phages and DCs and thereby induce a Thi- dominant -

_ response associated with cytotoxic T-cells. Moreover, MD-
" Fraction indirectly activated NK cells through production of

IL-12 and IFN-y‘ by APCs, including macrophages and DCs,

1ty.

in normal and tumor-bearing mice. It has been reponed that
the activation of NK cells significantly contributes to tumor

“size reduction in animals and humans. Although it has been’

reported that these polysaccharides enhance the immune
~ system in mice, in vitro cellular and molecular experiments
have yet to elucrdate thelr mechamsms of anticancer activ-

Recently, researchers have focused not only on mushroom
products having high molecular weights, but also on those

~ having low molecular weights. There are many types of -
- useful products in mushroom extract, such.as sugars, pro-

teins, peptides, amino acids, and nucleic acids. Reports on

~ anticancer peptides indicate that they stimulate the immune
‘system and can be used as BRMs in cancer patient.

35-37

Some peptides are also known to stlmulate the innate im-
mune response in living organisms.® Many cationic and
anionic peptides have been described as 1mmunost1mu1atmg, :
agents, such as antimicrobial- peptides.

. We found that MD-Fraction increased the number of
splenocytes' in combination treatment with MMC.?® The |
result clearly indicated that treatment with MD-Fraction
reversed the decrease in splenocyte-numbers induced by
MMC to normal levels without changing the ratio of only

APCs, helper T-cells, and cytotoxic T-cells in splenocytes
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FIG. 6. Effects of MLP-Fraction on actlvatlon of splemc macrophages DCs, and NK: cells. MLP- Fractlon was administered (mtrapentoneally)
to four separate groups consisting of four to six normal BALB/c mice (6 weeks old) for 7 consecutive days. Splenocytes were collected on day 8,
" and the effects of MLP-Fraction on the activation of (A) splenic macrophages (CD11b" cells in a monocyte gate), (B) splenic DCs (CD11c™ cells
in a monocyte gate), and splenic NK cells ([C] CD3¢™NK1.1% cells or (D) CD3z PanNK™* cells in a lymphocyte gate) were detérmined by flow
cytometry. The percentage of CD69* cells in each cell represents the degree of cell activation. Data are mean = SD values of two or three
mdependent experiments (n=.3 per expenment) Statistical stgmﬁcance was evaluated by analys1s of variance and Dunnett’s test. *P <.05, in
k companson with the saline-treated group.
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FIG. 7. Effects of MLP- Fractlon on expression of mtracellular (A) TFN-y and (B) IL-12 in splenic APCs: MLP-Fractlon was admmlstered :
(intraperitoneally) to two separate groups consisting of four to six normal BALB/c mice (6 weeks old) for 7 consecutive days. Splenocytes were’
collected on day 8, and the effect of MLP-Fraction on the percentage of IFN-y- or IL-12-expressing cells in splenic APCs (MHCIT*B220" cells in
- .a monocyte gate) was determined by flow cytometry. Data are mean = SD values of two or three independent experiments (n =3 per expenment)
Significance of differences was tested usmg Student’s ¢ test. i"W"P < 01, #Hp < 001 in companson thh the saline-treated group.
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FIG. 8. Effect of MLP-Fraction on colon-26 carcinoma cell growth
in" mice. MLP-Fraction was admi,niste_red' (intraperitoneally) to four
separate groups consisting of six colon-26 carcinoma-bearing
BALB/c mice (6 weeks old) for 7 consecutive days, and the effect of

MLP-Fraction on carcinoma cell growth was determined by mea—"
suring solid tumor weight. Data are mean = SD values of three in- -
dependent experiments. Statistical significance was evaluated by -

analysis of variance and Dunnett’s test. *P < .05, in comparison with
the saline-treated mice.

This result demonstrated that the expression of the antitumor

effect of MD-Fraction corresponded to the recovery of im--

mune cell proliferation. Therefore, we developed an original
protocol to screen for low- molecular-weight fractions from
water-soluble extracts that increase THP-1 cell prolifera-
tion.. Using this protocol, we attempted to find a small pro-

~ tein or peptide fraction (MLP-Fractlon) and to investigate

its antitumor effect.
- MLP-Fraction increased the viability of MMC- treated
THP-1 cells; regardless of the presence or absence of MMC
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(Fig. 3). MLP-Fraction did not contain sugar and was de-
tected by ultraviolet adsorption when the APC assay showed
peptide bmdmg in the MLP-Fraction.. The elution ‘pattern
from anion exchange chromatography showed the presence
of slightly negatively charged materials in the 0.2 M NaCl-
“Tris-HCI buffer (pH 8.0). Cytokines such as IL-1a and IL-10
are produced by activated macrophages in mice,>*°
whereas TNF-o. and IFN- ) are produced by activated mac- .
rophages and NK cells.*>4! 1L-12, produced by macro-
phages, DCs, and. APCs, activates NK cells.*? From the
‘results of ‘an immunoassay (Fig. 5) and. fluorescence-
activated cell sorting analyses (Fig. 6), we suggest -that
MLP-Fraction activated macrophages and DCs with the
production of cytokines including IL-e, IL-10, IL-12, TNF-
o, and IFN-y. CD86 (B7-2) is expressed on APCs and acts as
a ligand for CD28 on the surface of T-cells. B7-CD28 co-
stimulation activates T-cells and induces a Thl-dominant
response.*> Although the level of CD69 expression on
macrophages and DCs was increased by MLP-Fraction (Fig.

6A and B), CD86 expression levels were not significantly

_ increased (data not shown). These results suggest that MLP-

Fraction exhibited early activation of macrophages and
-DCs, compared with T-cell activation, after MLP-Fraction
administration for 7 -consecutive days. Therefore, we also
- investigated NK cells, and the results showed that treatment -
with MLP-Fraction increased the level of CD69 expression
on NK cells (Fig. 6C and D). We determined the expression
ratio of IFN-y in NK cells to investigate which cells (NK
cells or APCs, including macrophage and DCs) are the main
producers of IFN-y. MLP-Fraction treatment did not change

. the expression of IFN-y in NK cells (data not shown) but did
* increase the expression of IFN-y and IL-12 in APCs de-

‘pleted of B-cells in normal mice (Fig. 7). We suggest that
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FIG 9 Effect of MLP-Fractnon on productron of (A)IL-12 and B) IFN-y by splenocytes from colon-26 carcmoma—beanng mice. MLP-Fraction
was administered (intraperitoneally) to two 'separate .groups consisting of six colon-26 carcinoma-bearing BALB/c mice (6 weeks old) for 7-
consecutive days. -Splenocytes were.collected on day 8, and the effects of MLP-Fraction on the production of IL-12 and IFN-y by splenocytes were
determined after a 24-hour incubation. Data are mean+ SD values of two or three independent experiments (n =3 per expenment) Srgmﬁcance
of differences was tested using Student’ s t test. ¥ p <.001, in companson with the saline-treated group. ’
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IFN -y is derived from actlvated macrophages and DCs in

.addition to IL-12. IL-12 is a Thl cytokine. that mduces :

differentiation into Thl cells and activates NK cells.**

* Figure 9 indicates that MLP-Fraction (administered over a

- 1-week period) would also induce a Th1-dominant response
by which cytotoxic T-cells are activated for their cytotox-
icity against cancer. As expected, MLP-Fraction showed an
antitumor effect in tumor-bearing animals on day 8, and its
TIR (67%) was higher than that of animals treated with
. polysaccharides such as MD-Fraction, lentinan, and PSK.
. The production of IL-12 and IFN-y suggested that MLP-

Fraction-activated NK cells through macrophages and DCs
produced cytokines and simultaneously induced a Thl
response related to cytotoxic T-cells, which together con-
tributed to reducing tumor size. A small amount of MLP-

Fraction was enough to enhance immune responses in mice. -
. This is the first study to show that a small protein or peptide

~from the maitake mushroom can act as an anticancer or
anticancer-stimulating drug. Although wé have not exam-
ined the administration of a combination of MLP-Fraction

and MMC, we suggest that MLP-Faction may restore the

number of damaged immune cells in MMC-treated mice.
This suggestion indicates the possibility that MLP-Fraction
could reduce the necessary dosage of MMC, resulting in
some relief from the side effects of MMC. In the present

- study, we demonstrated that our original protocol is useful -

for the discovery and screening of novel natural substances,
with a focus on agents having small molecular weights, from

mixtures ‘of natural products isolated from edible mush-

- rooms and medicinal plants. In future experiments, we need
to completely purify and determine the structure of MLP-

Fraction as well as the'mechanism of i tts antltumor activity at

'molecular and cellular levels
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