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Abstract. In the present study, the effects of exopolysac-
charides (EPS) from nine Lactobacillus strains with a high 
degree of bio‑activity on human colon cancer cell line HT‑29 
were studied. The extracellular polymeric substances from 
4 strains, namely K11, M5, SB27 and X12, displayed desir-
able anti‑proliferative activity against HT‑29 cells. Crude and 
acidic EPS were purified from the 4 strains and the inhibi-
tory effects were further investigated. The crude and acidic 
EPS from these 4 strains exerted anti‑proliferation effects on 
HT‑29 cells in a dose‑dependent manner but were nontoxic to 
Vero cells. Treatment with EPS significantly induced G0/G1 
cell cycle arrest and apoptosis of HT‑29 cells. Hoechst 33258 
staining of acidic EPS‑treated HT‑29 cells revealed different 
degrees of morphological changes within the nucleus and 
the formation of apoptotic bodies. Caspase‑3 activity was 
markedly upregulated in HT‑29 cells following treatment 
with acidic EPS. In addition, acidic EPS from the SB27 strain 
demonstrated the most robust inhibitory effect on HT‑29 cells. 
The results of the present study suggest that as an inducer of 
apoptosis EPS has the potential to be applied in the treatment 
of colorectal cancer.

Introduction

Colorectal cancer is one of the leading causes of cancer‑related 
deaths among men and women, causing approximately 
1.4 million new cases and more than 0.5 million deaths per year 
worldwide (1). Its onset is insidious, often without any obvious 

clinical manifestations (2). Several factors were responsible 
for the development of colon cancer (3,4). The accumulation 
of mutations in certain protooncogenes and tumor suppressor 
genes might result in cacer initiation (5). Dietary factors as 
well as lifestyle have been considered to play a major role in 
its incidence (6,7). Diet with high fat and low carbohydrate 
can increase the possibility of occurrence of colon cancer. In 
particular, consumption with red meat and processed meats, 
highly refined grains and starches, and sugars is related to 
rising risk of colon cancer (8).

Lactic acid bacteria (LAB) are commonly known as a kind 
of probiotics which are facultative anaerobes and widely exist in 
human intestine and have been reported to possess many useful 
properties, including immune‑modulatory, anti‑inflammatory, 
anti‑oxidant and anti‑proliferative activity (9). Although recent 
studies have revealed that desirable biological activity of 
LAB can be achieved by using living or dead bacteria (10,11), 
exopolysaccharides (EPS) produced by LAB have particularly 
received intensive interests for their potential as valuable 
compounds and in health applications (12). EPS is generally 
related to all forms of polysaccharides found outside the 
microbial cell wall. Moreover, EPS represents one of the 
most important functional components of LAB metabolic 
products (13), which have been reported to exerted several 
physiological functions such as immunoregulatory effects (14), 
anti‑oxidant activities (15), anti‑hypertensive effects (16) and 
antitumor activities (17). Among them, antitumor activity has 
particularly received intensive interest due to the growing 
number and the high mortality of patients suffered from 
cancer. Though the antitumor agents used currently in chemo-
therapy practice possess strong activity, many doubts have 
raised about their safety and side effects (18) that the public 
attention has transferred to identification of antitumor agents 
from natural sources (19). Whether EPS from LAB could be 
served as an ideal substitute to the synthetic antitumor agents 
from the safe natural sources has been investigated by a 
large number of studies (14,17,20‑22). However, most of them 
focused on the EPS produced only by a single LAB strain. 
Lactobacillus is one of the most notable strains of the LAB 
group and also commonly used in dairy product fermentation 
and as probiotic (23,24). The primary aim of this study was 
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to investigate the effects of EPS from different Lactobacillus 
strains, which were facultative anaerobes and showed activity 
in large intestine (25‑27), on a mostly used colon cancer cell 
line called HT‑29. The potential application as an anticancer 
agent was further discussed.

Materials and methods

Strains and culture conditions. Nine Lactobacillus strains 
with high bio‑activity, namely L. casei X11, L. casei X12, 
L. casei K11, L. casei J5, L. rhamnosus J10, L. casei M5, L. 
casei M23, L. rhamnosus IN4125, and L. casei SB27 were 
choosen based on previous researches  (25,26,28). Among 
them, Lactobacillus IN4125 was isolated from infant faeces; 
Lactobacillus J5 and J10 were isolated from fermented foods 
in Gansu Province; Lactobacillus M5 and M23 were isolated 
from Koumiss in Sinkiang; Lactobacillus X11 and X12 were 
isolated from Cheese in Sinkiang; Lactobacillus K11 was 
isolated from Kefir in Tibet.

L. rhamnosus GG (LGG, ATCC53103) was used as 
reference strain, which is a probiotic of human origin and 
commercially exploited to help maintain a ‘good balance’ of 
bacteria in the human intestines by preventing the growth of 
harmful bacteria (29,30). Stock culture of all Lactobacillus 
strains was maintained at ‑80˚C in freeze‑dried 12.5% skim 
milk containing 2.5% glycerol. All strains were subcultured 
twice at 37˚C for 24 h prior to use in the experiments in 
12.5% sterilized skim milk medium under anaerobic condi-
tions.

Colon cancer cell culture. The human colon cancer cell 
line, HT‑29, was obtained from the Cancer Institute of the 
Chinese Academy of Medical Science (Beijing, China). HT‑29 
cells were grown in RPMI‑1640 medium (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) containing 10% FBS 
(Gibco; Thermo Fisher Scientific, Inc.). The cells were incu-
bated in 25 cm2 flasks at 37˚C in a humidified atmosphere of 
95% filtered air and 5% CO2 in a CO2 incubator (HEPA class 
100; Thermo Fisher Scientific, Inc.). The medium was changed 
daily to maintain exponential growth of the cells. Cell counts 
were assessed by standard procedures of cell counting using a 
hemacytometer.

Preparation of extracellular polymeric substances and 
MTT assay. Two hundred mini‑liter inoculum was prepared 
as described by Ai  et  al with some modifications  (31). 
After an approximately 36 h incubation period, pH values 
of the fermentation  broth were decreased to 4.5 and the 
final fermentation was then boiled for 10 min at 100˚C to 
coagulate the protein and inhibit enzyme activity. After 
cooling, coagulated proteins and heat‑treated bacterial cells 
were separated by centrifugation (12,000 x g for 15 min 
at  4˚C). Supernatants of the 10 Lactobacillus strains (9 
experimental strains and 1 control strain) were filtered by 
0.22 µm membrane and their pH was adjusted to 7.4 with 
10 M NaOH to obtain the extracellular polymeric substances 
as the previous description (32).

MTT [3‑(4, 5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetra-
zolium bromide] assay was used to test the anti‑proliferative 
effects of the EPS which had little effects on noncancerous 

cells  (33‑35). Briefly, HT‑29 colon cells at a density of 
1x105 cells per ml were seeded into 96‑well plates. After 12 h 
of incubation, cells were treated with 100 µl extracellular 
polymeric substances and then incubated for 48 h. Negative 
controls were treated with equal volume of RPMI‑1640 
medium  (35,36). Positive controls were treated with 
5 µg/ml daunorubicin (37,38). At the end of each treatment, 
10 µl (5 mg/ml) of MTT was added and the tumor cells were 
inoculated for another 4 h. The liquid was then removed and 
100 µl DMSO was added to the well. After dissolving of the 
formed crystal formazan, the absorbance was measured at 
570 nm with an enzyme‑linked immunosorbent assay plate 
reader (BioTek‑Eon, Gene Company Limited, USA). Results 
were displayed as the inhibition rates. All results were trans-
formed into percentages based on their separate controls. 
Calculation was performed by using the following formula: 
Inhibition rate={1‑(absorbance in test well)/(absorbance in 
control well)} x100%.

Extract and purification of EPS. Starter culture was prepared 
as previously described of inoculum, then batch fermentation 
was performed in a 5.0L capacity fermentor (Biotech‑2002; 
Bao Xing Bio-Engineering Equipment Co., Ltd, Shanghai, 
China) at 37˚C with an inoculum concentration of 3.0% to 
obtain the fermented broth  (15). Extracellular polymeric 
substances were obtained as described previously (34). The 
crude EPS fractions were separated and purified according 
to procedures described by Lin et al with slight modifica-
tions  (39). The obtained crude EPS fractions were then 
lyophilized in a freeze‑drier (FD‑1C‑50; Boyikang, Beijing, 
China). The acidic EPS was purified by using anion exchange 
chromatography on a DEAE Sepharose Fast‑Flow (GE 
Healthcare, Chicago, IL, USA) column (1.6x20 cm) with the 
NaCl gradient (0~1M) as the elution buffer at a flow rate of 
1.0 ml/min. The purified acidic EPS was collected by using a 
fraction collector with 5 ml per tube. The eluent was assayed 
for carbohydrate contents by the phenol‑sulfuric acid method 
described by DuBois et al (40). The peak fractions containing 
polysaccharides were pooled and dialyzed with deionized 
water every 6 h for 48 h and freeze‑dried.

Measurement of anti‑proliferative effects of EPS. The 
anti‑proliferation activity of crude and acidic EPS on HT‑29 
cells was measured by using MTT assay as described above. 
After 12 h of incubation, cells were treated with EPS at a range 
of concentrations of 10, 20, 100, 200, and 500 µg/ml (41) and 
then incubated for 48 h. The ultimate treatment concentration 
was determined as 500 µg/ml in consideration of the solubility 
of EPS in RPMI‑1640 medium being less than 600 µg/ml. 
The cells treated only with RPMI‑1640 medium were used 
as the control. All samples were subjected to polysaccharide 
concentration test before MTT assay. All concentrations of 
crude and acidic EPS that tested for their inhibition effect on 
HT‑29 colon cell were compared with the control to calculate 
the inhibition ratio.

Cell cycle analysis. Measurements of HT‑29 cell cycles were 
performed as described by Liu et al by flow cytometry (FACS 
Calibur; BD Biosciences, Franklin Lakes, NJ, USA)  (42). 
Like the apoptosis determination procedure, HT‑29 cells were 
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seeded onto 6‑well plates and treated after 24 h of incubation 
with crude or acidic EPS fractions for 48 h. HT‑29 cells were 
trypsinized and washed twice with pro‑cooling PBS and fixed 
in 70% ethanol at 20˚C for 1 h. Fixed cells were then washed 
twice with PBS and re‑suspended in 500 µl of 0.5% Triton 
X‑100/PBS at 37˚C for 30 min with 1 mg/ml of RNase A 
(Sigma-Aldrich; Merck KGaA, Darmstadt, Germany). Cells 
were stained with 10 µl of propidium iodide (PI) solution (BD 
Biosciences) in the dark and analyzed using a FACS Calibur 
flow cytometer installed with Cell Quest software (both BD 
Biosciences) (43,44).

Hoechst 33258 staining. Morphological changes in the nuclear 
chromatin of HT‑29 cells treated with acidic EPS fractions 
were detected by Hoechst 33258 staining. Cells were cultured 
in RPMI 1640 medium containing 10% FBS and seeded onto 
6‑well plates with the concentration of 2x106 cells/well in 2 ml 
medium. After 24 h of incubation, cells were treated with 
500 µg/ml acidic EPS fractions for 48 h. Subsequently, the 
EPS‑treated cells were harvested and washed twice with PBS. 
Then cells were fixed with 4% paraformaldehyde at 37˚C for 
20 min. After washed twice with PBS, the cells were incubated 
with 50 µg/ml Hoechst 33258 staining solution for 15 min at 
room temperature in the dark followed by wash with PBS for 
5 min and repeated twice. Cells were examined and photo-
graphed using the inverted fluorescence microscope (Axio 
Vert. A1; Zeiss AG, Oberkochen, Germany).

Cell apoptosis by flow cytometry. Measurements of cell apop-
tosis and necrosis were performed as previously described 
by Sharma et al (45). Briefly, HT‑29 cells were seeded onto 
6‑well plates 24 h and then treated with 500 µg/ml of crude 
or acidic EPS fractions for 48 h. Then cells were harvested, 
washed twice with pro‑cooling PBS (pH 7.4) and resuspended 
in 100 µl binding buffer (BD Biosciences). Annexin V‑FITC 
(5 µl Fluorescein isothiocyanate; Ex 488 nm, Em 515 nm) and 
5 µl of PI (Ex 633 nm) were added to the solution at room 
temperature (25˚C) in the dark. The cells were supplemented 

with 200 µl of binding buffer and further analyzed by flow 
cytometry using FACS Calibur (BD Biosciences). Data were 
analyzed by Cell Quest software that a region with less cell 
debris to calculate the percentages of four quadrants and apop-
tosis rate%=(Q2+Q4)/(Q2+Q4) x100% (46,47).

Measurement of caspase‑3 activity. The commercially available 
caspase‑3 colorimetric assay kit (Keygen Biotech, Nanjing, 
China) was employed to determine the activity of caspase‑3. 
Lysates of HT‑29 cells were prepared after treatment with 
500 µg/ml acidic EPS fractions (47). Assays were performed by 
incubating 150 µl of cell lysate per sample with 50 µl of reaction 
buffers (including 0.5 µl DTT) on 96‑well microtiter plates. 
Then 5 µl of caspase‑3 substrate was added into the samples 
and incubated at 37˚C for 4 h. The absorbance was measured at 
405 nm to determine the caspase‑3 activity of the tested samples 
using a microplate reader. Detailed data analyses process was 
performed according to the manufacturer's recommendation.

Statistical analysis. All data were expressed as mean ± standard 
deviation (SD) of three replicates (x ± SD, n=3). Tests of 
significant differences were determined by one‑way ANOVA 
by SPSS 20.0 (IBM Corp., Armonk, NY, USA ). Duncan's and 
LSD's multiple range tests were used to determine differences 
among groups. P<0.05 was considered to indicate a statisti-
cally significantly differenence.

Results

Screening of Lactobacillus strains for anti‑proliferation 
effects by MTT assay. A comparative analysis of proliferation 
inhibition on HT‑29 cells by extracellular polymeric 
substances, which were produced by 9 Lactobacillus strains 
and one reference strain LGG, respectively, was presented 
in Table I. The results indicated that 3 Lactobacillus strains, 
L. casei M5, L. casei SB27 and L. casei X12, exerted the most 
robust anti‑proliferation activity, which were significantly 
higher than LGG reference strain (P<0.01). The extracellular 

Table I. Anti‑proliferation activity of extracellular polymeric substances isolated from Lactobacillus strains.

Strain	 Origina	 Species	 Inhibitory rate (%)

X11	 Traditional cheese; Sinkiang, China	 L. casei	 16.22±0.40c

X12	 Traditional cheese; Sinkiang, China	 L. casei	 21.10±0.98c

K11	 Traditional Tibetan kefir; Tibet, China	 L. casei	 20.11±0.36
J5	 Traditional fermented vegetable juice; Gansu Province, China	 L. casei	 5.07±1.39c

J10	 Traditional fermented vegetable juice; Gansu Province, China	 L. rhamnosus	 11.07±1.07c

M5	 Traditional koumiss; Sinkiang, China	 L. casei	 25.75±0.63c

M23	 Traditional koumiss; Sinkiang, China	 L. casei	 10.04±0.50c

IN4125	 Infant feces; W/21 months	 L. rhamnosus	 9.66±0.48c

SB27	 Traditional fermented yaks' milk food; Gansu Province, China	 L. casei	 35.98±0.47c

LGGb	 ATCC53103	 L. rhamnosus GG	 18.82±1.01

aThe strains were obtained from infant feces and traditional fermented foods. The fermented foods were made by local residents using tradi-
tional methods under environmental conditions present in northwestern China (Sinkiang, Tibet and Gansu). bLGG strain was used as the 
reference strain. The positive control group was the absorbance of the system treated with extracellular polymeric substances isolated from 
LGG strain. cP<0.01 vs. the positive control group.
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polymeric substances from L. casei K11 also showed 
significant higher anti‑proliferation activities compared with 
that of the LGG strain (P<0.05). The extracellular polymeric 
substances produced by other 5 strains, however, presented 
moderate anti‑proliferation activity on HT‑29 cells. Thus, we 
identified 4 of 9 tested strains presented a significant higher 
inhibitory effect upon HT‑29 cellular proliferation.

In vitro anti‑proliferation activity of crude and acidic EPS on 
HT‑29 cells. The anti‑proliferation effect of crude and acidic 
EPS produced by L. casei K11, L. casei M5, L. casei SB27 
and L. casei X12 on HT‑29 cells was determined by MTT 
assay under 5 different concentrations. As shown in Fig. 1(c), 
the inhibition effect of both crude and acidic EPS produced 
by L. casei SB27 on HT‑29 cells significantly increased along 
with the increased concentrations (P<0.01). Inhibition of the 
crude and acidic EPS produced by other 3 strains showed 
same trend but with less effect. These results indicated the 
dose‑dependent inhibition effects of EPS on HT‑29 cells. In 
addition, the anti‑proliferation activities of the acidic EPS 
group was higher than that of the crude EPS group, espe-
cially at higher concentration. Since 500 µg/ml EPS showed 
the highest inhibition rate on HT‑29 cells, especially in that 
of L. casei SB27, subsequent experiments were conducted 

with EPS at this concentration further tested. The inhibition 
rate of 500 µg/ml acidic EPS from K11 M5, SB27, and X12 
strain in Vero cell line was 1.02±0.71, 4.20±0.77, 2.38±1.37, 
and 4.76±0.93%, respectively, which implied that the EPS was 
non‑toxic for normal cells. This concentration was accordingly 
selected for subsequent experiments.

Effects of crude and acidic EPS on cell division cycle. 
Excessive proliferation is well known as one of the most 
salient characteristics of cancer cells. Therefore, any agent by 
which cancer cell cycles can be arrested represents an effective 
anticancer substance. The effects of crude and acidic EPS from 
4 L. casei strains on the HT‑29 cell cycle phase distribution was 
examined by flow cytometry (Fig. 2). The percentage of G0/G1 
phase increased significantly (P<0.01) when HT‑29 cells were 
incubated with crude and acidic for 48 h, while the percentage 
of cells at G2 and S phases decreased. L. casei K11 crude EPS 
group were the exception, whose cell percentage at the S phase 
increased compared with control but cell percentage of the G2 
phase was with a sharp decrease (P<0.01). In addition, acidic 
EPS group gained more percentage of cells at the G0/G1 phase 
compared with crude EPS group. Specially, maximal increase 
(from 71.93 to 81.93%) of HT‑29 cell percentage at the G0/G1 
phase was observed in L. casei SB27 acidic EPS group.

Figure 1. Anti‑proliferation effect of crude and acidic EPS produced by (A) L. casei K11, (B) L. casei M5, (C) L. casei SB27 and (D) L. casei X12 on HT‑29 
cells. The negative control group was the absorbance of the system without the addition of EPS. The positive control group was the absorbance of the system 
treated with 5 µg/ml daunorubicin. **P<0.01 vs. the positive control group. EPS, exopolysaccharides.
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Figure 2. Effects of crude and acidic EPS on the cell cycle progression of HT‑29 cells. (A) Representative histograms depicting cell cycle distribution in HT‑29 
cells treated with 500 µg/ml crude or acidic EPS. (B) Column statistics depicting cell cycle distribution in HT‑29 cells treated with crude or acidic EPS. *P<0.05 
and **P<0.01 vs. the control group. EPS, exopolysaccharides.
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Effects of crude and acidic EPS on HT‑29 cell apoptosis by 
flow cytometry. Annexin V‑FITC and PI staining method was 
employed and apoptosis analyses were performed to evaluate 
the apoptosis induction effect of EPS on HT‑29 cells. As illus-
trated in Fig. 3, the four L. casei strains induced HT‑29 cell 
apoptosis to different levels compared to the untreated control 
cells. Acidic EPS induced a higher apoptosis rate on HT‑29 
cells than crude EPS, which was consistent with the effect 
on anti‑proliferation. Significant induction of apoptosis was 
observed in HT‑29 cells after treatment with EPS either from 
L. casei SB27 or L. casei M5, whereas only mild apoptosis 
was triggered by L. casei X12. For L. casei K11, its acidic 
EPS induced a moderate apoptosis on HT‑29 cells while 
crude EPS did not show significant effects on induction of 
apoptosis.

Acidic EPS induced nuclei morphological changes in HT‑29 
cell. Hoechst staining was conducted to further appraise the 
apoptosis of HT‑29 cells treated with acidic EPS. As shown 
in Fig. 4A, EPS‑untreated cells appeared circular or elliptical, 
with no condensation of the nucleus being presented. In 
contrast, cells treated with acidic EPS produced by 4 kinds 
of L. casei strains showed different degrees of morphological 
changes within nucleus and markedly condensed dots known 
as apoptotic bodies. Furthermore, cells treated with acidic 
L. casei SB27 EPS exhibited the most obvious morphological 
changes when subjected to Hoechst 33258 staining (Fig. 4D). 
Overall, based on the results of nuclei morphological changes, 
acid EPS group indeed induced HT‑29 colon cancer cell 
apoptosis.

Effects of acidic EPS treatment on activity of caspase‑3. 
HT‑29 cells treated with acidic EPS were subjected to 
caspase‑3 activity assay. A statistically increase in the ratio of 
absorbance over that of controls was obtained (Fig. 5), which 
revealed that all 4 kinds of tested EPS were able to activate 
caspase‑3. The maximal increase of caspase‑3 activation was 
observed in HT‑29 colon cancer cells treated with L. casei 
SB27 acidic EPS, while the minimal increase of caspase‑3 
activation was observed in L. casei K11 acidic EPS group. 
The results indicated that L. casei SB27 acidic EPS was more 
effective in activating caspase‑3, which was consistent with its 
effect on inducing apoptosis.

Discussion

Colon cancer is one of the most notorious malignant tumors 
with high incidence and mortality. Chemotherapy is one of 
the most commonly used therapeutic modalities for the treat-
ment of cancer, but most anticancer drugs currently used in 
chemotherapy are cytotoxic to normal cells, resulting in 
multiple‑organ toxicity such as hemopoetic suppression and 
immunotoxicity (18). Polysaccharides from natural sources 
are recently found as effective, relatively nontoxic substance 
with a wide range of biological activities and accordingly have 
attracted lots of attention (48). It suggested that the polysac-
charides with antitumor property can be used as one ideal 
substitute for tumor therapy. The present study evaluated the 
effects of EPS from nine previously reported Lactobacillus 
strains with high degree of bio‑activity on HT‑29 cells 

which were used in several studies of antitumor activity of 
EPS (36,38).

We identified 4 L. casei strains, including L. casei 
M5, L. casei SB27, L. casei X12, and L. casei K11, having 
a significant inhibitory effect on HT‑29 cell proliferation, 
whereas the rest 5 strains presented poor anti‑proliferation 
effects. Subsequent MTT assay of purified EPS from these 
four strains further verified their anti‑proliferation effects on 
HT‑29 cells but nontoxic to Vero cells, a normal cell. Since 
the inhibition rate of EPS in cancer cells was less than that of 
clinical drugs, the inhibition was considered to be effective 
when the rate was >20% by using 100 µg/ml EPS (17,36). 
While the inhibition effect of EPS produced by L.  casei 
SB27 on HT‑29 cells significantly increased along with the 
increased concentrations (P<0.01), acidic EPS produced 
by L. casei M5 showed a inhibition rate close to 20% at a 
concentration of 100 µg/ml. The inhibition effect of produced 
EPS on HT‑29 cells varied from strain to strain, although 
these nine Lactobacillus strains belong to the same genus. 
Our results were consistent with previous report that EPS 
isolated from different strains showed clear differences in 
their characteristics and biological activities (49), which may 
be attributed to the genetic differences of the strains.

Cell proliferation is tightly regulated by the cell cycle: 
S phase for DNA synthesis, M phase for mitosis, G0/G1 and 
G2 phase. The G1/S transition is a vital checkpoint in the 
progress of cell cycle and responsible for the initiation and 
completion of DNA replication (50). By using FACS analyses 
we observed that the inhibitory effect of crude and acidic EPS 
on HT‑29 cell proliferation was related to the prevention of G1 
to S transition.

Cell shrinkage, nuclear fragmentation, and chromatin 
condensation are included in a series of typical morphological 
features of apoptosis (51). Both flow cytometry and hoechst 
staining showed the apoptotic evidence of EPS on HT‑29 
cells. Caspase‑3 is initially formed as a 32 kDa zymogen and 
cleaved into 17 and 12 kDa subunits when it was activated in 
the apoptotic cell both by extrinsic (death ligand) and intrinsic 
(mitochondrial) pathways. Activation of caspase‑3 is often the 
signal to ensure that the cellular components are degraded in a 
controlled manner, carrying out cell death with minimal effect 
on surrounding tissues (52). The increased caspase‑3 activity 
indicated the apoptosis induced in HT‑29 colon cancer cells by 
acidic ESPs were, in part, mediated by a caspase‑dependent 
pathway. In the near future, it would be interesting to further 
study the molecular events of cell apoptosis under the treat-
ment of EPS.

An interesting finding in the present study is that 
acidic EPS has stronger effect of anti‑proliferation and 
apoptosis on HT‑29 cell than crude EPS. Coincidentally, 
Zhang et al compared the antitumor activity of neutral vs. 
acidic polysaccharides isolated and purified from the dried 
bulbs of Allium macrostemon Bunge against human gastric 
carcinoma cells BGC‑823 and found that acidic polysac-
charides showed significantly higher inhibition rate than 
neutral polysaccharides  (53). This phenomenon might be 
attributed to differences between crude and acidic EPS in 
composition and structure characteristics. In this study, the 
obtained crude EPS were mixtures of acidic polysaccharides 
and proteins, while the acidic EPS primarily consisted of 
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Figure 3. (A) Flow cytometry analysis with Annexin V‑FITC/PI. Cells treated with medium were used as the control. (B) The flow cyometry results were 
statistically analysed. *P<0.05 and **P<0.01 vs. the control group. PI, propidium iodide; FITC, Fluorescein isothiocyanate; EPS, exopolysaccharides.
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acidic polysaccharides with trace proteins. In our previous 
study, two high molecular weight fractions (LW1 and LW2) 
were identified in EPS from L casei SB27 and showed a 
sheet‑like appearance with a folded surface and a compact 
structure (54). We will continue to determine the structural 
characteristics of the acidic EPS to further understand the 
key factors affecting its activity.

There were some limitations of our study. The effect of 
500 ug/ml EPS was only tested on HT‑29 cells. It is unclear 
whether the EPS identified in present study has effects on 
other cancer cell lines. Meanwhile, this concentration is rela-
tively high and expected to be toxic when used in human. The 
toxicity of EPS was tested on Vero cell line in consideration of 
its extensive usage in researches of various types of biological 
pharmaceuticals (55) and little effect on its proliferation was 
found, which was consistent to reports from other group (56). 
However, in order to evaluate its safety, it is necessary to 
test the toxicity of EPS on normal human colon cells and 
human in vivo. We are planning to do this after elucidating 
the mechanism of antitumor activity of EPS. Furthermore, 
previous reports showed the immunologic reaction elicited 
by the EPS, such as increased expression of TNF‑α, IL‑10, 
and IL‑1β (57‑59). Whether the EPS from the 9 Lactobacillus 
strains has immunomodulatory activity on cells and human 
being is unknown.

In conclusion, the results of present study suggest that EPS 
from L. casei M5, L. casei SB27, L. casei X12, and L. casei 
K11, especially acidic EPS produced by L. casei SB27, exerted 

Figure 5. Caspase‑3 activity in HT‑29 cells following 48 h treatment with 
acidic EPS. The differences between groups was determined by one‑way 
ANOVA with Duncan's post hoc test. *P<0.05 vs. the L. casai K11 group; 
#P<0.05 vs. the L. casai M5 group; @P<0.05 vs. the L. casai X12 group. EPS, 
exopolysaccharides

Figure 4. Hoechst staining of HT‑29 cells either untreated or treated with acidic EPS for 48 h. The blue fluorescence marks the nucleus of HT‑29 cells and the 
white arrows indicate apoptotic or dead cells. (A) HT‑29 cells un‑treated with acidic EPS; (B) HT‑29 cells treated with acidic EPS from K11; (C) HT‑29 cells 
treated with acidic EPS from M5; (D) HT‑29 cells treated with acidic EPS from SB27; (E) HT‑29 cells treated with acidic EPS from X12. EPS, exopolysac-
charides.
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significant anti‑proliferation effect on HT‑29 cells via the 
induction of G0/G1 cell cycle arrest and caspase‑3‑dependent 
apoptosis. In the future, it is necessary to detect whether the 
EPS has broad spectrum antitumor activity on other cancer 
cell lines and immunomodulatory activity in order to help us 
to evaluate the clinical implications and safety of EPS.
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