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haracterization  of  a  water-soluble  polysaccharide  from  Boletus  edulis
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a  b  s  t  r  a  c  t

A  polysaccharide  (BEP,  Mw =  113,432  Da)  was  purified  from  Boletus  edulis,  which  had  a backbone
consisting  of  (1→6)-linked-�-d-glucopyranosyl,  (1→2,6)-linked-�-d-galactopyranosyl,  (1→6)-linked-
�-d-galactopyranosyl,  and  (1→3)-linked-�-d-rhamnopyranosyl  residues,  which  were  branched  at  O-2
position  of  (1→2,6)-linked-�-d-galactopyranosyl  residue  with  a single  terminal  (1→)-linked-�-l-
arabinofuranosyl  residue.  After  32 days’  BEP  administration  to Renca  tumor  bearing  mice,  the  tumor
mass  of  Renca  transplanted  in  mice  was  significantly  repressed.  Furthermore,  BEP  could  significantly
eywords:
oletus edulis
olysaccharide
haracterization
tructure
ntitumor

increase  the  spleen  and  thymus  indices,  stimulate  splenocytes  proliferation,  augment  NK  cell and  CTL
activities  in  spleen,  and  promote  the  secretion  of the  cytokines  IL-2  and  TNF-�  in Renca  tumor  bearing
mice.  Meanwhile  oral  administration  of  BEP  (100  and  400  mg/kg)  restored  all the  altered  hematological
and  biochemical  parameters  of tumor-bearing  mice  to normal  levels.  Thus,  these  data  demonstrate  that
BEP possesses  potential  immunomodulatory  activity  and  might  be  employed  as  effective  therapeutic
agents  for the  prevention  of  renal  caner.
n vitro immunomodulatory activity

. Introduction

Cancer is the leading cause of death in economically developed
ountries and the second leading cause of death in developing
ountries (Jemal et al., 2011). Chemotherapy is one of the most fre-
uently used therapeutic modalities for the treatment of cancer, but

t does not achieve a satisfactory therapeutic result if it is employed
lone (Li et al., 2010). Polysaccharides from natural sources are
ound to be effective, non-toxic substances with wide variety of
iological activities, and have attracted lots of attention in the
iochemical and medical areas (Ooi & Liu, 2000). In recent decades,
any edible mushrooms with unique and subtle flavor have

ecome attractive as source of physiologically functional foods
nd drug precursors due to their tonic and medicinal attributes
Zheng, Jie, Hanchuan, & Moucheng, 2005; Wasser, 2002). Partic-

larly more evidences have been reported that many bioactive
iopolymers, such as polysaccharides and polysaccharide–protein
omplexes isolated from mushrooms, have been used as a source of

∗ Corresponding authors at: Department of Urology, Fuzhou General Hospital, No.
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therapeutic agents for cancer through activation of various immune
responses in the host (Wang et al., 1997; Wasser, 2002). They cause
no harm and place no additional stress on the body, but help the
body to adapt to environmental and biological stress (Mizuno et al.,
2000; Schepetkin & Quinn, 2006). In particular, lentinan and schizo-
phyllan have been used as immunotherapeutic agents to treat
cancer in humans and in experimental tumor systems (Chihara,
Hamuro, Meada, Arai, & Fukuoka, 1970; Smith, Rowan, & Sullivan,
2002). Immunomodulators are well known for their antitumor
activity and polysaccharides are very proficient immunomodula-
tors. Therefore, discovery and evaluation of polysaccharides with
antitumor and immunostimulating properties from the various
medicinal mushrooms has emerged as one of important research
fields in chemistry and biology (Zhang & Huang, 2005).

Boletus edulis Bull., one of the most well-known delicious mush-
room, distributes in many regions of China, such as Heilongjiang,
Henan, Sichuan, Zhejiang, Yunnan, and so on (Luo, Luo, Huang, &
Fan, 2012). Modern pharmacological studies demonstrated that
polysaccharides extracted from B. edulis have been reported to
have many biological functions such as anticancer, antioxidant
and anti-inflammatory effects (Cengiz, Bektas, & Mustafa, 2008;

Dentinger, Ammirati, & Both, 2010; Lemieszek et al., 2013; Luo
et al., 2012; Zhang, Xiao, He, & Sun, 2011). In spite of these bio-
logical activities, the antitumor active biopolymers from B. edulis
and related mechanisms have not been exactly defined and studied
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http://www.sciencedirect.com/science/journal/01448617
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o far. The sufficient investigation on the physicochemical prop-
rties and antitumor activity of biopolymers from B. edulis was
articularly necessary to broaden its applications in pharmaceu-
ical industries and functional foods. Therefore, the purpose of the
resent investigation was to isolate and characterize one antitumor
olysaccharide from B. edulis.  Specifically, we used a renal cell carci-
oma transplanted tumor model to evaluate its effect on antitumor
ctivity based on the immune response.

. Materials and methods

.1. Materials and chemicals

B. edulis was obtained from Yabuli Co. Ltd. (Heilongjiang, China).
EAE-Sepharose CL-6B and Sepharose CL-6B were purchased from
harmacia Chemical Co. Concanavalin A (Con A), lipopolysaccha-
ide (LPS), the monosaccharide standards, trifluoroacetic acid (TFA)
nd bovine serum albumin (BSA) were purchased from Sigma Co.
St. Louis, MO,  USA). Fetal bovine serum (FBS) and RPMI-1640

edium were purchased from Gibco Invitrogen Co. (Grand Island,
Y, USA). All the other chemicals used were of analytical grade.

.2. Extraction, isolation and purification of BEP

The fruiting bodies of B. edulis (1.0 kg) were extracted with 95%
tOH (5 L) at 100 ◦C for 1.5 h to remove lipophilic compounds, and
hen successively extracted with 20 vol of distilled water at 100 ◦C
or 3 times and 2 h for each time. After centrifugation (1700 × g for
0 min, at 20 ◦C), the supernatant was concentrated 10-fold and
recipitated with ethanol (1:4, v/v) at 4 ◦C overnight. The precip-

tate collected by centrifugation was suspended in distilled water
o remove the protein by the Sevage method (Staub, 1965), fol-
owed by exhaustive dialysis with water for 48 h to remove the low

olecular weight materials, and freeze dried, giving 7.32 g of crude
olysaccharide (CBEP).

The crude polysaccharide CBEP was fractionated on a DEAE-
epharose CL-6B column (Cl− form, 50 cm × 2 cm), eluting with
istilled water and stepwise gradient of NaCl aqueous solutions (0.5
nd 1 M)  at a flow rate of 2.0 ml/min. After dialysis and lyophiliza-
ion, the fraction BEPw eluted with distilled water was purified on a
epharose CL-6B column (100 cm × 2 cm), eluting with 0.15 M NaCl
t a flow rate of 1.0 ml/min to yield one completely separated frac-
ions. This main fraction was collected, dialyzed and lyophilized to
et a white purified polysaccharide (BEP). All the fractions were
ollected by the automated fraction collector, and monitored with
he phenol–sulfuric acid method at 490 nm absorbance for polysac-
harides.

.3. Physicochemical characteristics, molecular weight and
onosaccharide composition of BEP

The total carbohydrate content was determined by the
henol–H2SO4 method, with glucose as the standard (Dubois,
illes, Hamilton, Rebers, & Smith, 1956). Protein content was
uantified according to the Bradford’s method (Bradford, 1976).
otal uronic acid contents were measured by m-hydroxydiphenyl
ethod using glucuronic acid as the standard (Filisetti-Cozzi &

arpita, 1991).
The homogeneity and average molecular weight of BEP were

erformed on high performance size-exclusion chromatography
HPSEC) using a Waters HPLC system, including TSK-G3000 PWXL
olumn (7.8 mm ID × 30.0 cm), a Waters 2410 differential refrac-

ive index detector and an on-line degaser. The polysaccharide was
iluted to a concentration of approximately 2 mg/ml  by adding
.1 M Na2SO4 solution and centrifuged (10,000 rpm, 3 min), and
0 �L of supernatant was  injected for each run and eluted with
mers 105 (2014) 127–134

0.1 M Na2SO4 solution at a flow rate of 0.8 ml/min at 25 ◦C. The
molecular weights of the polysaccharide fractions were determined
by comparison with retention times of Dextran T-series standards
(T-10, T-40, T-70, T-500, T-2000 and blue dextran T-2000).

Gas chromatography (GC) was used for identification and quan-
tification of the monosaccharides as described by Xie et al. (2010).
Briefly, BEP (10 mg) was hydrolyzed with 2 M TFA at 100 ◦C for
2 h. The monosaccharides were conventionally converted into the
alditol acetates as described previously (Johnes & Albersheim,
1972; Oades, 1967) and were analyzed by GC on an Agilent 6280
instrument fitted with FID and equipped with a HP-5MS column
(0.25 mm × 30 m × 0.25 �m).

2.4. Methylation analysis

The sample (20 mg)  was methylated three times according to
Needs and Selvendran (1993). Complete methylation was con-
firmed by the disappearance of the OH band (3200–3700 cm−1)
in the IR spectrum. The methylated products were hydrolyzed,
then reduced and acetylated as described by Sweet, Shapiro, and
Albersheim (1975). The partially methylated alditol acetates were
analyzed by GC/MS as described by Sun and Liu (2008).

2.5. UV, IR and NMR analysis

UV–vis absorption spectra were recorded with a Shimadzu
MPS-2000 spectrophotometer between 190 and 290 nm.  The FTIR
spectra (KBr pellets) were recorded on SPECORD in a range of
400–4000 cm−1. For NMR  measurements POP was dried in a
vacuum over P2O5 for several days, and then exchanged with deu-
terium (Dueñas-Chasco et al., 1997) by lyophilizing with D2O for
several times. The deuterium-exchanged polysaccharide (50 mg)
was put in a 5-mm NMR  tube and dissolved in 0.6 mL  99.98% D2O,
followed by recording with a Bruker AV-400 spectrometer at 55 ◦C.

2.6. Cell lines

The mouse renal cancer cell line Renca was obtained from Shai-
hai Fuxiang Biological Technology Co., Ltd. (Shanghai, China). They
were maintained in the logarithmic phase of growth in RPMI 1640
medium supplemented with 2 mM l-glutamine (Sigma), 100 IU/ml
penicillin, 100 �g/ml streptomycin and 10% FBS at 37 ◦C under
humidified air with 5% CO2.

2.7. Experimental animals

Female BALB/c mice (5 weeks old) weighing 18–22 g were
purchased from Experimental Animal Center of Fujian Medi-
cal University and acclimatized for 1 week before use. Rodent
laboratory chow and tap water were provided ad libitum and main-
tained under controlled conditions with a temperature of 24 ± 1 ◦C,
humidity of 50 ± 10%, and a 12/12 h light/dark cycle. All the proce-
dures were in strict accordance with the PR China legislation on the
use and care of laboratory animals and with the guidelines estab-
lished by Fuzhou General Hospital and approved by the Animal Care
Review Committee, Fuzhou General Hospital.

2.8. In vivo antitumor activity

Under sterile condition, 0.1 ml  of Renca cells suspension
(2 × 106 cells/ml) was implanted subcutaneously into the rump of
mice on day 0. Forty tumor-bearing BALB/c mice were divided

into four groups (n = 10): two BEP-treated groups at two  doses of
100 and 400 mg/kg, Renca-bearing group (model control group)
and 5-FU positive control group. A normal control group (n = 10)
without tumor inoculation and drug administration was  also used
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n this experiment. BEP dissolved in normal saline was adminis-
ered intragastrically once daily for 32 consecutive days, starting
4 h after tumor inoculation. The mice in the model control and
ormal control group were orally administrated with an equal vol-
me  of normal saline (0.2 ml/10 g b.w.) instead of the test solution.
he positive control was  given 5-FU (20 mg/kg) via intraperitoneal
njection. 24 h after last drug administration, all the mice were

eighed and sacrificed by cervical dislocation to measure antitu-
or  and hematological parameters. The spleen, thymus and tumor
ere immediately dissected and weighed. The spleen and thymus

ndices were calculated according to the following formula: spleen
nd thymus index (mg/10 g) = (weight of spleen or thymus/body
eight). Tumor mass in the mice was measured every 3 days from
ay 0 to day 32. Tumor volume was assessed by measuring two
erpendicular dimensions (long and short) using a caliper and cal-
ulated using the formula (a × b2)/2, where a is the larger and b is
he smaller dimension of the tumor (Zhang et al., 2003).

.9. Hematological and biochemical parameters assay

Blood samples were obtained on day 32 by heart puncture
rom all animals for the estimation of hematological and bio-
hemical parameters and were collected with the anticoagulant
n polystyrene tubes. Serum samples were separated by centrifu-
ation at 3000 rpm at room temperature for 10 min  and stored
t −80 ◦C until assayed. Hemoglobin (Hb) content, red blood
ell count (RBC), white blood cell count (WBC), total leukocytes
ount and lymphocyte count were determined by standard proce-
ures. Likewise, the serum aspartate transanimase (AST), alanine
ransaminase (ALT), urea nitrogen (BUN), and creatinine levels
ere also determined by the enzymatic method using commercial

eagent kits (Lanji, Shanghai, China), according to the manufac-
urer’s instructions.

.10. Evaluation of immunomodulatory properties of BEP in
umor-bearing mice

.10.1. Spleen lymphocyte proliferation assay
Spleens collected from sacrificed mice under aseptic condition

ere chopped into small pieces and passed through a fine steel
esh to obtain a homogeneous cell suspension. The cells were
ashed and lymphocytes were separated from red blood cells by

ysis buffer (0.15 M NH4Cl, pH 7.4). After centrifugation (380 × g
t 4 ◦C for 10 min), the pelleted cells were washed three times in
BS and resuspended in RPMI 1640 complete medium. Cell via-
ility exceeded 95% were determined with a haemocytometer by
rypan blue dye exclusion technique. Splenocyte proliferation was
ssayed as previously described (Tu, Sun, & Ye, 2008). The splenic
ells (100 �l) were seeded in 96-well plates (2 × 106 cells/well)
ogether with Con A (2.5 �g/ml), LPS (5.0 �g/ml) or RPMI1640

edium giving a final volume of 200 �l. The plates were incu-
ated at 37 ◦C in a humid atmosphere with 5% CO2. After 44 h,
0 �l MTT  (5 mg/ml) were added to each well and incubated for
nother 4 h. The cell suspensions were centrifuged at 1400 × g
or 10 min  and the supernatants were removed. Then 150 �l of
imethyl sulfoxide (DMSO) working solution (180 �l DMSO with
0 �l 1NHCl) was added. The absorbance was evaluated in an ELISA
eader (Bio-Rad, USA) at 570 nm with a 630 nm reference after
5 min.

.10.2. Assay of natural killer (NK) cell activity
The activity of NK cells was measured as previously described
Tu et al., 2008). Briefly, Renca cells (target cells) and splenocytes
effector cells) were mixed in 96-well U-bottom microtiter plate
n a 50:1 ratio and incubated at 37 ◦C in 5% CO2 atmosphere. After
4 h incubation, 50 �l of MTT  solution (2 mg/ml) was added to each
mers 105 (2014) 127–134 129

well and the plate was incubated for another 4 h and subjected to
MTT  assay. NK cell activity was calculated as following equation: NK
activity (%) = (ODT − (ODS − ODE))/ODT × 100%, where ODT, optical
density value of target cells control, ODS, optical density value of
test samples, ODE, optical density value of effector cells control.

2.10.3. Assays of cytotoxic T lymphocyte (CTL) activity
The CTL activity was analyzed using MTT  method as

described above. Renca cells (target cells) and splenocytes
(effector cells) were mixed in a 50:1 ratio. To determine
the percentage of target cells killed, specific lysis was  cal-
culated using the following formula: percentage of specific
lysis = (ODT − (ODS − ODE))/ODT × 100%, where ODT, optical den-
sity value of target cells control, ODS, optical density value of test
samples, ODE, optical density value of effector cells control.

2.10.4. Assay for serum cytokine levels
Serum collected from tested mice were drawn into tubes and

allowed to clot for 20 min  for further use. The level of IL-2 and TNF-�
using commercially available kits from R&D systems, with a solid-
phase enzyme-linked immunoabsorbent assay (ELISA) as described
by the manufacturers.

2.11. Statistical analysis

The data were expressed as mean ± standard deviation (SD) and
examined for their statistical significance of difference with ANOVA
and a Tukey post hoc test. P-values of less than 0.05 were considered
to be statistically significant.

3. Results and discussion

3.1. Purification and characterization of polysaccharide BEP from
B. edulis

The crude water-soluble polysaccharide, CBEP, was  obtained
from the fruiting bodies of B. edulis by derosination, hot-water
extraction, ethanol precipitation, deproteinization, and lyophiliza-
tion. CBEP was further subjected to a DEAE-Sepharose CL-6B
chromatography and eluted with distilled water, followed by 0.5
and 1.0 M NaCl at a flow rate of 2.0 mL/min. According to the
charge difference, three fractions of CBEPA, CBEPB, and CBEPC were
isolated from distilled water elute, 0.5 M and 1.0 M NaCl elute,
respectively (Fig. 1A). Among them, neutral fraction CBEPA showed
the relatively high content. Therefore CBEPA was repeatedly sub-
jected to size-exclusion column chromatography on a Sepharose
CL-6B gel filtration column and eluted with 0.1 M NaCl at a flow
rate of 1 mL/min, whereby one major polysaccharide peak was col-
lected and then freeze-dried to yield BEP (Fig. 1B, 3.42 g, 0.45% of
starting material).

3.2. Structural characterization of polysaccharide BEP from B.
edulis

BEP presented a symmetrical, narrow peak on HPSEC (Fig. 2).
According to the calibration curve with standard dextrans, the
average molecular weight (MW)  of this homogeneous polysac-
charide was  approximately 113,432 Da. Negative responses to
the Bradford test further indicated that BEP did not contain
protein. The negative results of Fehling’s and iodine-potassium
iodide tests showed BEP did not contain reducing sugar and

did not belong to starch-type polysaccharide (Yang, Zhao, & Lv,
2008). The total carbohydrate content of BEP was 93.4%, as deter-
mined by the phenol-sulfuric acid method and no uronic acid
was detected by m-hydroxydiphenyl method using glucuronic
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Fig. 1. (A) The profile of different polysaccharide fractions isolated from the fruiting
bodies of Boletus edulis on a DEAE-Sepharose CL-6B column eluted with distilled
w
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Table 1
The results of methylation analysis of BEP.

Peak no. Methylated sugar Molar ratio Linkage type

Residue-A 2,3,4-Me2-Glcp 2.9 →6)-�-Glcp-(1→
Residue-B 3,4-Me3-Gapl 1.6 →2,6)-�-Galp-(1→
Residue-C 2,3,4-Me3-Gapl 1.6 →6)-�-Galp-(1→
Residue-D 2,4,-Me3-Rhap 1.4 →3)-�-Rhap-(1→
ater and stepwise gradient of NaCl aqueous solutions (0.5 and 1.0 M) at a flow
ate  of 2.0 ml/min. (B) The profile of the water-soluble polysaccharide (PTP) isolated
rom the fruiting bodies of Boletus edulis on a Sepharose CL-6B column eluted with
.15 M NaCl aqueous solutions at a flow rate of 1.0 ml/min.

cid as the standard. GC analysis showed that BEP was com-
osed of glucose, galactose, rhamnose and arabinose with molar
atios of 2.9:3.2:1.3:1.6, indicating BEP was a heteropolysaccha-
ide.

The fully methylated product of BEP was hydrolyzed with acid,
onverted into alditol acetates, and analyzed by GC/MS. The GC–MS
esults (Table 1) indicated the liberation of 2,3,4-Me2-Glcp (Residue
: →6)-�-Glcp-(1→),  3,4-Me3-Gapl (Residue B: →2,6)-�-Galp-
1→), 2,3,4-Me3-Gapl (Residue C: →6)-�-Galp-(1→),  2,4,-Me3-
hap (Residue D: →3)-�-Rhap-(1→)  and 2,3,5,-Me3-Araf (Residue
: �-Araf-(1→) in a relative molar ratio of 2.9:1.6:1.6:1.4:1.5. This
atio indicated a good correlation between terminal and branched

ig. 2. The average molecular weight and homogeneity of BEP were determined
y  high-performance size-exclusion chromatography (HPSEC), eluting with 0.1 M
a2SO4 solution at a flow rate of 0.8 ml/min at 25 ◦C.
Residue-E 2,3,5,-Me3-Araf 1.5 �-Araf-(1→

residues as evidenced by the results of the monosaccharide com-
position determined by GC. Residue A, B, C and D were major
components of the backbone structure with single terminal of
Residue E at the O-2 position of Residue B.

The data on UV, IR and NMR  analysis of BEP were showed in
Table 2. No absorption was detected by the UV spectra at both
260 nm and 280 nm,  indicating that the nucleic acids and protein
were absent in BEP. The broad bands at 3452.65 cm−1 were the
characteristic peaks of the hydroxyl O H stretching vibration and
the signals at 2931.25 cm−1 indicated C H stretching vibration.
The bands at 1445.82 and 1341.24 cm−1 were the absorption peaks
of variable angle vibration of C H bond. A band at 1045.02 cm−1

caused by non-symmetric C O C stretching vibration was also
observed. On the other hand, the absorption band at 844.32 cm−1

suggested the linkage of �-glycosides in the molecular structure of
BEP (Yu et al., 2009). Based on published data, this analysis clari-
fied that purified BEP had the typical absorption of polysaccharides
(Barros et al., 2013; Chen et al., 2013; Yan, Yin, Zhang, Yang, &
Yu, 2013). In the 13C NMR  spectrum of BEP, the peaks at 99.14,
100.67, 100.69, 101.42 and 105.63 ppm attributed to the anomeric
carbons of Residue A, B, C, D, and E, respectively. The predomi-
nance of Residue A, together with the typical signal at 99.14 ppm,
supported the high proportion of 1,6-linked-�-d-Glcp in BEP. The
signal of substituted C-3 of Residues D had moved downfield to
74.32 ppm. Peak at 79.23 ppm in the spectrum appeared to come
from C-2 resonance of Residue-B and signal 84.43 ppm appeared in
low magnetic field should be attributed to C-4 of Residue E. Three
signals of 69.56, 69.32 and 69.98 at high magnetic filed seemed
to substituted C-6 signal of Residue A, B and C. On the contrary,
peaks 58.98 and 61.43 ppm were assigned to unsubstituted C-6 of
Residue D and C-5 of Residue E, respectively, because of no sub-
stitution on the C-6 for Residue D and no substitution on the C-5
position for Residue E. In 1H NMR  spectrum of BEP, the peaks at
5.34, 5.08, 5.03, 5.12 and 5.15 ppm were assigned to the H1 signals
of Residue A, B, C, D and E, respectively. The special anomeric car-
bons and their protons chemical shift confirmed that sugar residues
were linked by �-glycosidic bond, which agreed with the presence
of 844.32 cm−1 on IR spectra (Barker, Bourne, Stacey, & Whiffen,
1954). All the NMR  chemical shifts were compared with the litera-
ture values (Fan et al., 2006; Jia, Liu, Dong, & Fang, 2004; Liu, Sun, Yu,
& Liu, 2012; Pramanik, Mondal, Chakraborty, Rout, & Islam, 2005;
Roger, Kervarec, Ratiskol, Colliec-Jouault, & Chevolot, 2004; Sun &

Liu, 2009; Sun, Liang, Zhang, Tong, & Liu, 2009; Ye et al., 2008).

Table 2
The data of UV analysis, IR analysis and NMR  analysis of the purified polysaccharide
BEP.

Assay Peaks or signals at

UV analysis (nm) 260; 280
IR analysis (cm−1) 3452.65; 2931.25; 1445.82; 1341.24; 1045.02;

844.32
1H NMR  analysis (ppm) 5.34; 5.15; 5.12; 5.08; 5.03
13C NMR  analysis (ppm) 105.63; 101.42; 100.69; 100.67; 99.14; 84.43;

79.23; 74.32; 69.98; 69.56; 69.32; 61.43; 58.98
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.3. Effect of BEP on tumor growth and immune organ indices in
umor-bearing mice

To investigate whether BEP had inhibitory effects on tumor
rowth in vivo, Renca cells suspension (2 × 106 cells/ml) was
mplanted subcutaneously into the rump of BALB/c mice. Mice were
hen treated by daily oral administration of 100 and 400 mg/kg
f BEP or 5-FU for 32 days. Oral administration of BEP (100 and
00 mg/kg) decreased the volume of the tumor mass, whereas
he tumors growth did not exhibit any delay in the control group
Fig. 3A). Especially at the high dose of 400 mg/kg, BEP exhibited
n obvious repression effect on Renca transplanted tumor growth,
omparable to 5-FU.

The result of the immune organ indices in tumor-bearing mice
as shown in Fig. 3B. As expected, tumor transplanted in mice

nduced significant attenuation of the relative spleen and thymus
eight, and two indices further rapidly decreased after 5-FU treat-

ent than those in normal mice (P < 0.05 or P < 0.01), supporting the

act that tumor itself or 5-FU often resulted in immunological sup-
ression. Consistent with the antitumor activity, treatments with
EP could restore the spleen and thymus indices in tumor-bearing

able 3
ffects of BEP on hematological parameters in Renca tumor-bearing mice. Data were exp

Drug Dose RBC (106 cells/�l) WBC  (103 cells/�

Normal control saline 0.2 ml/10 g 4.38 ± 0.32 5.32 ± 0.65 

Model control saline 0.2 ml/10 g 3.17 ± 0.24a 5.56 ± 0.51 

5-FU 20 mg/kg 4.66 ± 0.45b 4.08 ± 0.47a,b

BEP 100 mg/kg 4.24 ± 0.45b 4.89 ± 0.38b,c

BEP 400 mg/kg 4.55 ± 0.34b 5.14 ± 0.46c

a P < 0.05 compared with normal control group.
aa P < 0.01 compared with normal control group.
b P < 0.05 compared with model control group.

bb P < 0.01 compared with model control group.
c P < 0.05 compared with 5-FU group.

cc P < 0.01 compared with 5-FU group.
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mice to normal level and even surpass the normal values at the dose
of 400 mg/kg (P < 0.05).

3.4. Effect of BEP on hematological and biochemical parameters
in tumor-bearing mice

Hematological parameters in Renca tumor-bearing mice on day
32 were found to be significantly altered when compared to the
normal group, except for WBC  count. The total RBC count and Hb
content were found to be significantly decreased in the untreated
tumor-bearing animals. An increase in the total leukocytes was
observed, but the percentage of lymphocyte (%) had a significant
decrease as compared to that of normal mice (P < 0.05). Adminis-
tration of BEP (100 and 400 mg/kg) to tumor-bearing mice restored
all the altered hematological parameters to almost near to nor-
mal  values (Table 3). Hematological markers like total leukocytes
count and lymphocyte count were remarkably increased in 100 and
400 mg/kg BEP-treated mice, which supported the immunomod-
ulatory property of the compound. Additionally, the WBC  count
of Renca tumor-bearing mice was  obviously decreased in the 5-
FU-treated group, while it showed no significant difference in the
BEP-treated groups compared to that in normal mice (P > 0.05), sug-
gesting that BEP caused no bone marrow suppression. Usually in
cancer chemotherapy the major problem is anemia due to reduc-
tion in RBC. Present study indicated that BEP might significantly
enhance the total RBC count and Hb level when compared to that
of model control.

ALT and AST are considered to be sensitive indicators of hepa-
tocellular damage and the values provide a quantitative evaluation
of the degree of damage to the liver (Al-Habori, Al-Aghbari, Al-
Mamary, & Baker, 2002). BUN and creatinine levels are biomarkers
or indicators of renal injury, and its high content often indicates
the malfunctions of kidney (Fu et al., 2012). In Table 4, an obvi-
ous increase in renal (creatinine) or liver (ALT and AST) parameters
were seen in Renca tumor transplanted mice as compared to those
of normal control group (P < 0.05), except for BUN (P > 0.05). As
suspected, 5-FU administration to tumor-bearing mice resulted in
their rise, supporting the fact that 5-FU had an adverse effect on
liver and kidney function. The levels of AST, ALT, BUN and creat-
inine were significantly decreased by BEP treatment, and almost
restored to the normal standard.

These results indicated that BEP treatment exhibited no toxic
effect on hematological system and liver/kidney organ of mice, and
was superior to 5-FU therapy.

3.5. Effect of BEP on splenocyte proliferation in tumor-bearing
mice
The immune system plays an important role in antitumor
defense (Aravind, Joseph, Varghese, Balaram, & Sreelekha, 2012).
Splenocyte proliferation is a crucial event in the activation cascade

ressed as mean ± SD (n = 10 mice per groups).

l) Hb (g/dl) Total leukocytes (103 cells/�l) Lymphocyte (%)

9.54 ± 0.66 5.36 ± 0.45 53.6
6.22 ± 0.70a 7.57 ± 0.64a 42.5a

9.32 ± 0.81b 3.13 ± 0.31b 43.6a

8.90 ± 0.65b 9.82 ± 0.76aa,b,cc 53.5b,c

9.11 ± 0.74b 11.53 ± 0.89aa,bb,cc 58.5b,c
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Table  4
Effects of BEP on liver and kidney biochemical parameters in Renca tumor-bearing mice. Data were expressed as mean ± SD (n = 10 mice per groups).

Drug Dose AST (U/L) ALT (U/L) BUN (mmol/L) Creatinine (mmol/L)

Normal control saline 0.2 ml/10 g 42.55 ± 3.52 33.65 ± 3.03 5.65 ± 0.35 22.14 ± 1.37
Model  control saline 0.2 ml/10 g 58.45 ± 3.65a 41.12 ± 3.65a 6.24 ± 0.65 32.13 ± 2.31a

5-FU 20 mg/kg 85.72 ± 5.65aa,b 63.65 ± 3.98aa,b 10.32 ± 0.75a,b 53.31 ± 3.58aa,b

BEP 100 mg/kg 46.54 ± 3.87b,c 43.43 ± 3.21a,c 6.03 ± 0.35c 47.25 ± 2.42b,c

BEP 400 mg/kg 43.08 ± 3.05b,cc 37.43 ± 3.28c 5.89 ± 0.31c 39.63 ± 2.37c

a P < 0.05 compared with normal control group.
aa P < 0.01 compared with normal control group.
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production of IL-2 was  significantly decreased in 5-FU-treated mice
as compared with model control (P < 0.05). Conversely, there was
no significant difference on the concentrations of TNF-a between
the 5-FU-treated group and the model control group (P > 0.05). An

Fig. 4. (A) The effect of BEP on lymphocyte proliferation in Renca tumor-bearing
mice. Data were expressed as mean ± SD (n = 10 mice per groups). *P < 0.05, **P  < 0.01
compared with model control group; ##P < 0.01 compared with 5-FU group. (B) Effect
of  BEP on Splenic NK and CTL cytotoxic activity in Renca tumor-bearing mice. Data
b P < 0.05 compared with model control group.
c P < 0.05 compared with 5-FU group.

cc P < 0.01 compared with 5-FU group.

f both cellular and humoral immune responses. T lymphocytes
re mainly responsible for cellular immunity and B lymphocytes
re the only cell capable of producing humoral immune responses
Fan, Ding, Ai, & Deng, 2012). Extensive documents demonstrated
hat many natural biological macromolecules from mushrooms
roduced their antitumor effects by activating different immune
esponses in the host (Ooi & Liu, 2000). As a first step toward
nderstanding the mechanism of the antitumor activity of BEP,
e investigated its effect on lymphocyte proliferation in tumor-

earing mice. As shown in Fig. 4A, Con A- and LPS-induced
plenocyte proliferation in the Renca tumor-bearing mice was  sig-
ificantly enhanced by BEP at the doses of 100 and 400 mg/kg
P < 0.01) compared to those of model control mice. However, Con
- and LPS-stimulated splenocyte proliferations in the 5-FU-treated
roup decreased significantly (P < 0.05) as compared with model
ontrol. Moreover, BEP itself could act as an independent mitogen
imilarly to Con A and LPS and thus showed a direct mitogenic activ-
ty for mouse splenocytes. Our experiment results also proved that
mmune function of tumor-bearing mice was inferior to normal

ice, which was not significant (P > 0.05). These results indicated
hat BEP combined with Con A or LPS, or itself could significantly
ncrease the activation potential of T- and B-cells and enhance the
umoral immunity and cell-mediated immunity in tumor-bearing
ice.

.6. Effect of BEP on NK cells and CTL activities in tumor-bearing
ice

NK cells and CTL represent two major populations of cytotoxic
ymphocytes (Kos & Engleman, 1996; Medzhitov & Janeway, 1997),
nd play a major role as effector cells in the defense against tumors
nd viruses (Boon, Cerottini, Van den Eynde, van der Bruggen,

 Van Pel, 1994; Moretta, Bottino, Cantoni, Mingari, & Moretta,
001). Therefore we measured the effects of BEP on the cyto-
oxic activities of NK cells and CTL, and the results were shown
n Fig. 4B. Splenic NK and CTL cytotoxic activity in model group

as lower than normal control, while BEP (100 and 400 mg/kg)
dministrated intragastrically increased the splenic NK and CTL
ytotoxic activities of Renca tumor-bearing mice as compared to
hose of the model control rats (P < 0.01). However, NK cell and CTL
ctivities in the 5-FU-treated mice were significantly lower than
hose of the model control (P < 0.05). These results suggested that
K cells and CTL contributed to the antitumor effects induced by
EP.

.7. Effect of BEP on serum cytokines levels in tumor-bearing mice

On the basis of the activation of BEP on splenic lymphocytes, NK

ells and CTL, the production of serum cytokines by BEP treatment
n Renca tumor-bearing mice was detected and the results were
hown in Fig. 4C. BEP could markedly augmented the secretion of
L-2 and TNF-� in Renca tumor-bearing mice at 100 and 400 mg/kg
doses (P < 0.05 or P < 0.01) compared with model control group. The
were expressed as mean ± SD (n = 10 mice per groups). *P < 0.05, **P  < 0.01 compared
with model control group; ##P < 0.01 compared with 5-FU group. (C) Effect of BEP
on serum cytokines L-2 and TNF-� levels in Renca tumor-bearing mice. Data were
expressed as mean ± SD (n = 10 mice per groups). *P < 0.05, **P < 0.01 compared with
model control group; ##P < 0.01 compared with 5-FU group.
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ncrease in serum cytokines IL-2 and TNF-� level may  also explain
he antitumor properties of this polysaccharide.

. Conclusions

In the present study, one water-soluble polysaccharide,
EP, was successfully isolated and purified from the fruit-

ng bodies of B. edulis,  with an average molecular weight of
13,432 Da, and BEP contained no protein and uronic acid,
ut has a high carbohydrate content of 93.4%. Monosaccha-
ide component analysis indicated that BEP was  composed of
lucose, galactose, rhamnose and arabinose with molar ratios
f 2.9:3.2:1.3:1.6. The data obtained from GC/MS, IR and NMR
1H and 13C) analysis revealed that BEP had a backbone con-
isting of (1→6)-linked-�-d-glucopyranosyl, (1→2,6)-linked-�-
-galactopyranosyl, (1→6)-linked-�-d-galactopyranosyl, (1→3)-

inked-�-d-rhamnopyranosyl residues that terminated with a
ingle terminal (1→)-linked-�-l-arabinofuranosyl residue at the O-

 position of (1→2,6)-linked-�-d-galactopyranosyl residue along
he main chain in the ratio of 2.9:1.6:1.6:1.4:1.5. In vivo antitumor
xperiment, BEP could significantly inhibit the growth of Renca
ransplanted in mice, and had no cytotoxicity to hematological
ystem and liver/kidney function of tumor-bearing mice at test
oses. Acute toxicity was also investigated by oral administration
f serial BEP dilution (from 500 mg/kg to 2000 mg/kg body weight)
n 200 �L PBS to the normal mice. Acute toxicity results proved
hat there was no toxicity up to a concentration of 2000 mg/kg
ody weight in BALB/c mice as evidenced by absence of significant
ehavioral changes and animal death (data now shown). Further-
ore, BEP could significantly stimulate splenocytes proliferation,

ncrease the spleen and thymus indices, elevate the activities of NK
ell and CTL in spleen, and promote the secretion of the cytokines
L-2 and TNF-� in Renca tumor-bearing mice. The above results
uggested that the BEP had indirect anti-tumor activity achieved
y improving immune response. This is only a preliminary study
o prove the antitumor effect of BEP on renal cancer. Further
esearches about elucidating detailed mechanism of its anticancer
ctions are in process.
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