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Abstract
Strains of biﬁdobacteria have many health-promotion eﬀects. Whole cells or cytoplasm extracts of Biﬁdobacterium biﬁdum
BGN4, isolated from human feces, inhibited the growth of several cancer cell lines. The polysaccharide fraction (BB-pol) extracted
from B. biﬁdum BGN4 had a novel composition, comprising chiroinositol, rhamnose, glucose, galactose, and ribose. Three human
colon cancer cell lines were treated with BB-pol: HT-29, HCT-116, and Caco-2. Trypan blue exclusion assay and BrdU incorporation assay showed that BB-pol inhibited the growth of HT-29 and HCT-116 cells but did not inhibit the growth of Caco-2 cells.
 2004 Federation of European Microbiological Societies. Published by Elsevier B.V. All rights reserved.
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1. Introduction
Probiotics are traditionally deﬁned as live microbial
food supplements which beneﬁcially aﬀect the host animal by improving its intestinal microbial balance [1]. In
view of their perceived health-promotion eﬀects [2,3],
probiotic bacteria have been increasingly included in
various types of food products (especially fermented
milks) during the past two decades [4].
There is experimental evidence that probiotic microorganisms show an anticancer activity in vitro and in
animal models. Pool-Zobel et al. reported that Lactobacillus acidophilus, L. gasseri, L. confusus, Streptococcus
thermophilus, Biﬁdobacterium breve, and B. longum were
antigenotoxic toward N 0 -nitro-N-nitrosoguanidine- or
*

Corresponding author. Tel.: +82 2 880 8749; fax: +82 2 880 6282.
E-mail address: geji@biﬁdo.com (G.E. Ji).

1,2-dimethylhydrazine-induced genotoxicities [5]. Other
studies have shown that certain strains of lactic acid bacteria (LAB) prevent putative preneoplastic lesions or
tumors induced by carcinogens such as 1,2-dimethylhydrazine or azoxymethane [6–9]. Many strains –
such as L. rhamnosus GG [10], L. acidophilus [11],
L. casei, B. longum [12,13], B. infantis, B. adolescentis,
and B. breve – showed signiﬁcant suppression of colon
tumor incidence in this type of study. In addition, there
is direct evidence for antitumor activities of LAB obtained in studies using preimplanted tumor cells in animal models. There are several reports [14,15] that the
consumption of fermented milk and/or cultures containing LAB or the intralesional injection of live or dead Bifidobacterium cells inhibited the growth of tumor cells
injected into mice.
The precise mechanisms by which LAB inhibit colon
cancer are presently unknown. However, based on
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experimental and epidemiological studies [3,16,17], several mechanisms have been proposed, including (1)
enhancing the hostÕs immune response, (2) binding and
degrading potential carcinogens, (3) qualitative
alterations in the intestinal microﬂora incriminated in
producing putative carcinogens and promoters (e.g.,
bile-acid-degrading bacteria), (4) production of antitumorigenic or antimutagenic compounds in the colon,
and (5) alteration of metabolic activities of intestinal
microﬂora.
Various types of LAB preparations showed antitumor
activities. Sekine et al. [18] found antitumor activity in
peptidoglycans isolated from B. infantis strain ATCC
15697, and Oda et al. [19] reported antitumor polysaccharide fractions originating from Lactobacillus cultures.
Glycoproteins found in the supernatants of Lactobacillus
cultures have also shown antitumor eﬀects [20].
The present study analyzed the composition of polysaccharide (BB-pol) extracted from B. biﬁdum BGN4
and investigated the eﬀects of BB-pol on human colon
cancer cell lines. We examined the potential of BB-pol
as an antiproliferation compound using a direct cell
counting method and measuring the rate of DNA
synthesis.

lyophilized (Ilshin, Korea) and stored at 70 C until
used.
2.2. Isolation of polysaccharide from biﬁdobacterial
cytoplasm extract
The lyophilized cytoplasm extract was dissolved in
autoclaved double-distilled water and heat-treated at
80 C for 30 min in a water bath (Jeio Tech, Korea).
Protein denaturing due to the heat treatment made the
solution hazy. The sample was centrifuged until the supernatant turned clear, then phenol solution was added to
the collected supernatant at a ratio of 1:1 (v/v) for protein denaturalization. After the end of the reaction with
phenol, the solution was mixed vigorously and centrifuged again. The collected supernatant was treated with
a phenol–chloroform solution at a ratio of 1:1 (v/v).
Treatment of the collected supernatant with the phenol–chloroform solution was repeated. Lastly, chloroform solution was added at a ratio of 1:1 (v/v), and
the collected supernatant was precipitated with cold ethanol, followed by freeze-drying. A phenol–sulfuric acid
assay was used to determine whether this sample was
the polysaccharide fraction.

2. Materials and methods

2.3. Analysis of BB-pol composition

2.1. Bacterial culture and preparation of cytoplasm
extract

For analyzing the composition of the polysaccharide
fraction, it was hydrolyzed by triﬂuoroacetic acid. The
polysaccharide was reacted with triﬂuoroacetic acid at
room temperature for 30 min and then reacted at 100
C for 150 min. The composition of the hydrolyzed
polysaccharide was determined by a Bio-LC with an
electrochemical detector (Dionex ED-50, USA) using a
Dionex CarboPac MA1 column with 600 mM sodium
hydroxide at a ﬂow rate of 0.4 ml min1. The composition of the polysaccharide was conﬁrmed with standard
samples of chiroinositol, rhamnose, glucose, galactose,
and ribose (Sigma, USA).

B. biﬁdum BGN4 and other biﬁdobacteria which were
isolated from the feces of healthy human subjects and
previously reported by Park et al. [21] were used for
the experiments. B. biﬁdum BGN4 was cultured and subcultured anaerobically in MRS broth (Criterion, USA)
containing 0.5% L -cysteine (Sigma, USA) at 37 C for
20 h. For the preparation of bacterial cytoplasm extracts,
cultured bacterial cells were collected by centrifugation
(Hanil, Korea) at 1390g for 20 min at 4 C, and washed
twice with autoclaved phosphate-buﬀered saline, followed by ﬁnal washing with autoclaved double-distilled
water. Washed whole cells were disintegrated using a cell
disruptor, and the cell pellets were removed by centrifugation at 1390g for 20 min at 4 C. The supernatant was
centrifuged at 22,250g for 45 min at 4 C for the separation of cell walls and cytoplasm extract. The sediment
(cell-wall fraction) was removed, and the supernatant
was used as the cytoplasm extract. This fraction was

2.4. Cell culture
This study used three human colon cancer cell lines
(Table 1): HT-29 and HCT-116 cell lines were obtained
from the Korean Cell Line Bank (Seoul, Korea), and the
Caco-2 cell line was obtained from the American Type
Culture Collection (Rockville, USA). They were grown
in DMEM culture media supplemented with 10% (v/v)

Table 1
The characteristics of cell lines used in this study (KCLB, Korean Cell Line Bank; ATCC, American Type Culture Collection)
Cell line

Tissue

Species

Growth property

KCLB (ATCC) no.

HT-29
HCT-116
Caco-2

Colon or colorectal, adenocarcinoma
Colon or colorectal, carcinoma
Colon or colorectal carcinoma

Human
Human
Human

Adherent
Adherent
Adherent

KCLB 30038
KCLB 10247
HTB-37
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fetal bovine serum (Gibco BRL, USA) and 1% antibiotic–antimycotic solution (Gibco BRL, USA). All cultures were incubated at 37 C in a humidiﬁed
atmosphere with 5% CO2. After they were grown to conﬂuence in sterile tissue culture plates (100 mm · 20 mm;
Corning, USA), cells were detached and transferred to
the new cell culture dishes using trypsin EDTA (Gibco
BRL, USA) for each experiment. The detached cells
were seeded to a 96-well cell culture cluster (at a density
of 5 · 103 cells per well), 12 wells (30–50 · 103 cells per
well), or culture plates (60 mm · 15 mm; 100–200 · 103
cells per plate). They were then incubated for 48 h in
the presence of 0, 20, 40, or 80 lg ml1 BB-pol.
2.5. Trypan blue staining
Cell numbers and their viability were assessed by the
trypan blue dye-exclusion method [22]. Cancer cells were
seeded onto 12 multiwell plates at a density of 30–
50 · 103 cells per well in serum-containing medium. All
cells were allowed to attach for 12–24 h, and each well
was treated with BB-pol at a concentration of 20, 40,
or 80 lg ml1. At two days after BB-pol treatment, cultured cells were trypsinized and mixed with an equal volume of trypan blue solution (Sigma–Aldrich, UK). The
mixture was loaded on a hemacytometer (Superior,
Neubauer, Germany) and the stained/unstained cells
were observed using an inverted microscope (BX-40,
Olympus, Japan) at 100· magniﬁcation.
2.6. BrdU (5-bromo-2 0 -deoxyuridine) incorporation assay
for measurement of DNA synthesis rate
As a microplate format, cells were seeded at a density
of 5 · 103 cells per well in 96-well culture plates, and also
incubated for 48 h in the presence of 0, 20, 40, or 80
lg ml1 BB-pol.
In this study, a nonradioactive alternative to the
[3H]-thymidine incorporation assay was performed
using a commercial cell proliferation ELISA kit
(BrdU, colorimetric; Roche, Germany) according to
the manufacturerÕs instructions. Brieﬂy, at the time
for assay (two days after BB-pol treatment), 10 ll of
BrdU labeling solution was added to control and
BB-pol-treated cells, and the plates were reincubated
for 3 h for labeling. The cells were then denatured
and ﬁxed using Fix/Denat solution for 30 min at 37
C, and anti-BrdU-POD was added to the plates
and incubated for 90 min at 15–25 C. Lastly, 100
ll of substrate solution was added to each well and
the plates were incubated at 15–25 C until color
development was suﬃcient for photometric detection.
Twenty-ﬁve microliters of 1 M H2SO4 was added as
a stopping solution to each well, and absorbance
was measured with an ELISA reader (Bio-Rad Laboratories, USA) at 450 nm.

133

2.7. Statistical analysis
Data were analyzed by a one-way ANOVA procedure of SAS software (SAS Institute Inc.,1999). The differences between mean values were detected by the
DuncanÕs multiple range test.

3. Results and discussion
3.1. Selection of the best Biﬁdobacterium strain for
inhibiting the growth of cancer cell lines
In order to determine if Biﬁdobacterium cells have an
inhibitory eﬀect on the growth of colon cancer cell lines,
HT-29 cells were treated with heat-treated cells of 30 different biﬁdobacterial strains and trypan blue assay was
performed. In this preliminary assay, B. biﬁdum BGN4
showed the greatest eﬀect (data not shown). To further
characterize the functional substances of B. biﬁdum
BGN4, HT-29 cells were treated with diﬀerent types of
cell fraction. Among the whole-cell, cell-wall, and cytoplasm extracts, the cytoplasm extract showed the highest
inhibitory eﬀect.
3.2. Composition of BB-pol
The composition of the polysaccharide was determined by a Bio-LC using a Dionex CarboPac MA1 or
PA1 column. The detected peaks were compared with
various carbohydrate standards: chiroinositol, myoinositol, inositol, rhamnose, glucose, galactose, ribose, fructose, adonitol (ribitol), glycerol, mannose, arabinose,
fucose, xylose, sorbose, tagatose, mannitol, sorbitol,
dulcitol, xylitol, allose, psicose, glucuronic acid, glucaric
acid, galacturonic acid, galactosamine, mannosamine,
and glucosamine. The polysaccharide was found to consist of 26.4% chiroinositol, 3.9% rhamnose, 31.5% glucose, 11.0% galactose, and 23.8% ribose (Fig. 1). We
think that the BB-pol fraction consisted of one polysaccharide because of a peak proﬁlefor the BB-pol fraction
in GPC. The molecular weight ofthe BB-pol fraction
was about 1,500,000 by extrapolation using dextran
standards (MW, 48,500, 273,000, 830,000). It is interesting that BB-pol contained chiroinositol as one of the
major sugar units, because a chiroinositol-based polysaccharide from microbial sources has not previously
been reported.
3.3. Eﬀect of BB-pol on the growth inhibition of HT-29
and HCT-116 cells
This study examined the eﬀects of BB-pol on the
growth of three types of human colorectal adenocarcinoma cell lines using a trypan blue exclusion assay
(Fig. 2). BB-pol tended to decrease the numbers of
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Fig. 1. Bio-LC analysis of the composition of BB-pol. (a) chiroinositol (26.4%); (b) rhamnose (3.9%); (c) glucose (31.5%); (d) galactose (11.0%); (e)
ribose (23.8%).

HT-29 cells even at a concentration of 10 lg ml1. However, Caco-2 cells were not noticeably inhibited at concentrations up to 100 lg ml1 (data not shown).
Although all of the three cell lines originated from human adenocarcinomas, Caco-2 is known to resemble
the physiology of normal cells [23–25] more than the
other two cell lines used in this study. This suggests that
BB-pol had a greater eﬀect on tumor cell lines with higher malignancy. Fig. 2 shows the growth inhibition
caused by BB-pol in HT-29 and HCT-116 cells. BBpol at 20 lg ml1 inhibited the growth of HT-29 cells
by 50.5 ± 3.6% (mean ± SD). The growth inhibition of
HCT-116 cells increased with the BB-pol concentration,
but these cells were slightly less sensitive to BB-pol than
HT-29 cells. Few, if any, cells became nonviable during
48 h of incubation, which suggests that the inhibition of
tumor cell growth by BB-pol was due to the retardation
of cell growth rather than cytotoxicity. This was further
supported by an lactate dehydrogenase (LDH) release
assay in which no signiﬁcant diﬀerence was evident between the experimental groups (data not shown).
3.4. Eﬀect of BB-pol on the growth inhibition of HT-29
and HCT-116 cells measured by BrdU incorporation
assay
The trypan blue exclusion assay is a direct method for
measuring cell growth or cytotoxicity, but it involves
many steps that may introduce experimental errors.
Therefore, a BrdU incorporation assay was performed
to conﬁrm the trypan blue staining data. The rationale
of the BrdU incorporation assay was to measure

the changed DNA synthesis of treated cells as for
[3H]-thymidine incorporation assay.
Data from BrdU incorporation assays in HT-29 and
HCT-116 cells showed results similar to those of growth
inhibition from the trypan blue exclusion assay (Fig. 3).
Similar to the result of trypan blue staining, BB-pol had
no eﬀect on the DNA synthesis rate measured by the
BrdU incorporation assay in Caco-2 cells (data not
shown). In HT-29 cell lines, the DNA synthesis rate decreased after BB-pol treatment in a dose-dependent
manner. When treated with 80 lg ml1 BB-pol, the adjusted DNA synthesis rate was 52.6 ± 0.9%. Treatment
with the same concentration of BB-pol produced a smaller decrease in the DNA synthesis of HCT-116 cells: the
adjusted DNA synthesis rate was 64.3 ± 1.9%. However,
HT-29 and HCT-116 cells treated with 20 lg ml1 BBpol showed similar reductions in DNA synthesis rates.
As shown in the former two assays, the decrease in
the number of counted cells in the BB-pol-treated group
was concordant with the reduced DNA synthesis rate.
These experimental data allude to a growth-retarding effect of BB-pol on HT-29 and HCT-116 cell lines rather
than cytotoxic eﬀects.
In contrast, most previously reported polysaccharides
that exhibit antitumor activities did not directly inhibit
the growth of tumor cells in vitro, but instead exerted
antitumor activity by stimulating macrophages and various immune systems. Such polysaccharides included aand b-glucan from various mushrooms [26], SPR-901
a-glucan from rice bran [27], a-glucan from Mycobacterium bovis, Bacille Calmette–Gurin [28], and water-soluble polysaccharide containing glucose and galactose as
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Fig. 3. Eﬀect of BB-pol on the growth inhibition of HT-29 and HCT116 cell lines measured by BrdU incorporation assay. The cells were
cultured for 48 h in the presence of BB-pol at various concentrations in
96-well plates: 0 (control), 20, 40, and 80 lg ml1. The DNA synthesis
rates were determined by BrdU incorporation assay. Data values are
mean ± SE of triplicates in a representative assay (P < 0.0001).

Fig. 2. Eﬀect of BB-pol on the growth of human colon cancer cell
lines. The cell lines were cultured for 48 h in the presence of BB-pol at
various concentrations: 0 (control), 20, 40, and 80 lg ml1 in 12-well
plates. The cell numbers were determined by trypan blue exclusion
assay. Data values are mean ± SE of triplicates in a representative
assay (P < 0.05).

major sugar constituents from B. adolescentis M101-4
[29] and from L. helveticus var. jugurti [19]. Also, it is
well known that various bacterial peptidoglycans induce
antitumor activity through the modulation of immune
systems. Tumor necrosis factor a and reactive nitrogen
intermediates played a major role in the in vitro antitumor activity of mouse peritoneal exudates cells from
mice stimulated with wall peptidoglycan from B. infantis
[18]. Therefore, the direct inhibitory eﬀect of BB-pol on
tumor cell growth observed in the present study is rather
exceptional for polysaccharide biomaterials extracted
from various organisms. A partially puriﬁed cytotoxic
substance from the culture supernatants of L. casei D34 against three tumor cell lines – HeLa, HEP-2, and
HFS-9 – was found to be proteinaceous in nature [20].
Recently, the cytoplasmic fraction from Lactococcus lactis ssp. lactis was reported to exert direct antiproliferation activity against the SNUC2A human colon cancer
cell line by inducing S phase accumulation in SNUC2A
cells [30], but the active components remain to be
elucidated.

The present study shows that BB-pol is a novel polysaccharide with glucose, chiroinositol, and ribose as its
major constituents, which inhibits the growth of colon
cancer cell lines in vitro. We are currently analyzing general transcriptional responses of tumor cells following
treatment with BB-pol to better understand the
growth-inhibition mechanism of BB-pol.
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