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Abstract. The present study was designed to investigate the 
antitumor effects of Lactobacillus and the potential mecha-
nisms. Cell Counting Kit-8 (CCK-8) assays were carried out 
to determine suitable doses for investigating the inhibitory 
effect of lactobacilli on cell migration ability of HeLa and U14 
cells in vitro. In addition, western blot assays were performed 
to investigate the possible mechanisms corresponding to its 
antitumor effects. Furthermore, a xenograft mouse model 
was established for investigating the E-cadherin expression 
in tumor tissues after treatment with lactobacilli. Our results 
showed that live lactobacilli [multiplicity of infection (MOI) 
of 1,000:1] significantly possessed inhibitory effects on 
cell migration ability of cervical cancer cells. Lactobacilli 
(MOI: 1,000:1) significantly upregulated E-cadherin expres-
sions in HeLa and U14 cells (p<0.05). On the contrary, our 
results showed that inactivated lactobacilli could not affect the 
E-cadherin expression levels in HeLa and U14 cells. Similar 
to the western blot assay, immunohistochemistry results also 
indicated that lactobacilli treatment significantly upregulated 
E-cadherin in tumor tissues  (p<0.05). In conclusion, our 
results above suggest that lactobacilli have the potential for 
inhibiting the migratory ability of cervical cancer cell lines, 
and the possible pharmacological mechanism may be closely 
related to the upregulation of E-cadherin.

Introduction

Cervical cancer (CC), one the most common gynecological 
malignant tumors, is the second cause of cancer-related death 
in women. In addition, there is no fully effective treatment 
for CC at present  (1). The currently available traditional 
radiotherapies and chemotherapies for the treatment of CC 
have not been able to reduce the rate of mortality, whereas the 
inevitable side-effects of these mentioned remedies greatly 
reduce the life quality of CC patients (2,3). To date, persis-
tent human papilloma virus (HPV) infection is considered 
as the major pathogen of CC. Furthermore, considering the 
complexity of antigen and virus subtype diversification, the 
research for a CC vaccine has increasingly become difficult 
as well (4). Therefore, it is urgent to discover new treatments 
to prolong the life of CC patients and to improve their life 
quality.

Lactobacillus (lactic acid bacteria), a group of normal 
bacteria in the woman's vagina, plays a vital role in main-
taining normal ecological balance in the vagina (5). Currently, 
several studies have indicated that CC is closely associated 
with vaginal micro-ecological balance disorders (6). Previous 
studies have revealed that a decrease in lactobacillus could lead 
to the mass propagation of vaginal Gardner or mixed anaerobic 
bacteria, resulting in production of harmful substances from 
these two pathogenic bacterial. These harmful substances 
mentioned above may combine with other carcinogenic factors 
in the cervix (such as HPV) to accelerate the development of 
CC (7). Previous studies suggest that epithelial/interstitial 
transformation (EMT) is not only the basis of the embryonic 
development process in multicellular organism and organs, 
but also plays an important role in tumorigenesis, invasion 
and metastasis, and the occurrence of a variety of chronic 
diseases (8,9). E-cadherin, one of the most important factors 
in EMT, promotes cell connection. In addition, it is also 
demonstrated that downregulation of E-cadherin could be an 
important factor of CC metastasis (10,11).

The present study aimed to investigate whether or not lacto-
bacillus intervention affects the cell migration of CC cells, and 
to explore the corresponding pharmacological mechanisms, 
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which could be beneficial for identifying a new strategy for 
future prevention or treatment of CC in the clinic.

Materials and methods

Cell lines and bacterial strain. Human carcinoma of the 
uterine cervix cell lines, HeLa and U14, were supplied by 
the Department of Immunology, Hebei Medical University 
(Shijiazhuang, China). Lactobacillus DM8909 (Lactobacillus 
debrueckii subsp. lactis) was kept in our laboratory and 
cultured in magnetic resonance spectroscopy (MRS) medium.

Animals. Female BALB/c mice (age, 4-6  weeks old; 
weight,  20±2  g) were purchased from the Experimental 
Animal Centre of Hebei Medical University. They were kept at 
21±1̊C under a 12-h light/dark cycle with free access to food 
and water. All animal protocols were approved by the Animal 
Care and Use Committee of Hebei Medical University.

Chemicals and reagents. Dulbecco's modified Eagle's 
medium (DMEM), dimethyl sulfoxide (DMSO) and trypsin 
were purchased from Gibco Co. (Carlsbad, CA, USA). Fetal 
bovine serum (FBS) was purchased from Hangzhou Sijiqing 
Biotech (Hangzhou, China). Penicillin and streptomycin were 
purchased from North China Pharmaceutical Group Corp. 
(Shijiazhuang, China). Primary antibodies for E-cadherin, 
vimentin and FOXO4 were purchased from Bioworld 
Technology, Inc. (St. Louis Park, MN, USA). Primary anti-
bodies for Snail, Twist and β-catenin were purchased from 
Abcam Co. (Cambridge, UK). Primary antibody for GAPDH 
and HRP-conjugated secondary antibody were purchased 
from SAB Co. (Linhai, China). BSA and PMA kits were 
purchased from Sigma-Aldrich Co. (Shanghai, China). Cell 
lysis buffer for western blotting and IP kit and hematoxylin 
and eosin (H&E) staining kit were purchased from Beyotime 
Biotech (Haimen, China). Biotin-labeled secondary antibody 
and DAB kit were purchased from ZSGB-BIO Co. (Beijing, 
China). Cell Counting Kit-8 (CCK-8) kit was purchased from 
Promega Corporation (Madison, WI, USA).

CCK-8 assay. HeLa and U14 cells were cultured in DMEM 
containing 10% (v/v) FBS, 100  U/ml streptomycin and 
100 U/ml penicillin at 37̊C with 5% CO2. Cells (5x103/100 µl) 
were seeded in 96-well plates and cultured for 8 h at 37̊C. 
Subsequently, lactobacilli at different MOIs (10:1, 100:1 and 
1,000:1) were added to the well and incubated for 24, 48 and 
72 h, respectively. Then, the plates were carefully washed with 
culture medium to remove the lactobacilli and subsequently 
10 µl CCK-8 reagent with culture medium was added to each 
well, and the cells were cultured for another 2.5 h at 37̊C 
with 5% CO2. Optical density (OD) values were determined 
at 450  nm by an HT2 microplate reader (Thermo Fisher 
Scientific Co., Carlsbad, CA, USA).

Wound healing assay. After the CCK-8 determination, a 
wound healing assay was carried out according to the methods 
previously reported with minor modifications (12). Briefly, 
HeLa cells were cultured in 6-well plates for 24 h, and then a 
10 µl sterile pipette was applied to scratch the cell layer to form 
a linear wound. Then, the cells were washed 3 times with cold 

phosphate‑buffered saline (PBS) buffer, and incubated with 
lactobacilli for another 24, 48 and 72 h, respectively. After 
being washed with PBS buffer 3 times, migration of the cells 
in each group was measured under an inverted microscope 
(LH50A; Olympus, Tokyo, Japan).

Western blot assay. E-cadherin expression in the CC cells and 
CC tumor tissues was examined by western blotting. Briefly, 
total proteins of CC cells or tissues were harvested after treat-
ment with cell lysis buffer for western blotting and IP kit. 
Then, the protein contents were determined and equal amounts 
of protein (40 µg) were separated using 10% sodium dodecyl 
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE), and 
subseqently blotted on polyvinylidene difluoride (PVDF) 
membranes. Then, the protein bands were probed with 
primary antibodies for the corresponding detecting proteins, 
respectively and subsequently with goat anti-rabbit horseradish 
peroxidase (HRP). Finally, the protein bands were visualized 
and detected by a chemiluminescence method. In addition, 
GAPDH was used as the internal reference to normalize the 
protein loading, and the target protein expression levels were 
expressed as a relative value to that of GAPDH.

Xenograft assay in  vivo. The effects of lactobacilli were 
determined using an xenograft animal model on female 
BALB/c mice according to a previous study (13). Briefly, a 
total of 25 mice were randomly divided into 5 groups (n=5): 
i) PBS-treated mice; ii and iii) inactivated lactobacilli-treated 
mice (2.25 and 5.0x106/mice/day); iv and v) lactobacilli-treated 
mice (2.25 and 5.0x106/mice/day). U14 cells (2.0x106/0.2 ml/
mouse) were subcutaneously injected into the right flank of 
each mouse. After tumors grew to ~2-3 mm in diameter, the 
mice were intraperitoneally injected (i.p.) with PBS, inacti-
vated lactobacilli (2.25 and 5.0x106/mice/day) or lactobacilli 
(2.25 and 5.0x106/mice/day) for a continuous 20 days. Tumor 
sizes were measured every 4 days. Tumor volume (V) was calcu-
lated using a reported formula (14): V = (width2 x length)/2.

All mice were sacrificed after 21 days of treatment, and the 
tumors were separated and weighed. Then, the tumor tissues 
were collected for the following western blot and immunohis-
tochemistry assays.

Immunohistochemistry assay. Tumor tissue was collected and 
fixed in 10% formalin and then tissue sections were prepared 
according to normal and standard protocols. Then, tissue 
sections were stained with a primary antibody for E-cadherin 
and subsequently stained with biotin-labeled secondary anti-
body. Furthermore, quantitative analysis of the results was 
performed using an image analysis system (Motic Med 6.0; 
Motic China Group Co., Ltd., Tokyo, Japan).

Statistical analysis. Data are presented as means  ±  SD. 
Differences between groups were evaluated using multiple 
comparisons of the data as performed by ANOVA with 
Dunnett's test. P-values <0.05 were considered significant.

Results

Lactobacilli at MOIs of 10:1, 100:1 and 1,000:1 had no 
effect on the proliferation of CC cell lines. The cytotoxic 
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effects of lactobacilli against CC cell lines were determined 
using CCK-8 assays. As shown in Fig. 1, after incubation with 

lactobacilli under the multiplicity of infection (MOI) of 10:1, 
100:1 and 1,000:1 for 2, 48 and 72 h, the cell proliferation of 

Figure 1. Effects of lactobacillus on the proliferation of cervical cancer (CC) cell lines. Cells were incubated with lactobacillus (MOI: 10:1, 100:1, 1,000:1) for 
24, 48 and 72 h, and then CCK-8 assays were carried out to determine the effects of lactobacillus on the proliferation of CC cell lines: (A) HeLa and (B) U14.

Figure 2. Results of the wound healing assay in the HeLa cell line. Cells were incubated with lactobacilli (MOI: 1,000:1) for 24 and 48 h, and then the migration 
distances were determined. Data are represented as mean ± SD (n=3), **p<0.01, compared to the control.
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both the HeLa and U14 cell lines was not significantly affected 
(p>0.05, p>0.05). These results showed that the MOIs selected 
did not affect the cell viability of the CC cell lines, and were 
suitable for further investigation of the inhibitory effect of 
lactobacilli on cell migration.

Lactobacilli significantly inhibit cell migration of HeLa cells. 
After selecting suitable MOIs of lactobacilli, we further inves-
tigated the effects of lactobacilli on the migration of HeLa cells 
using wound healing assay. From the results shown in Fig. 2, 
we concluded that lactobacilli at the MOI of 1,000:1 obvious 
inhibited the migration of the HeLa cells after incubation for 
24 h (p<0.01) and 48 h (p<0.01).

Lactobacilli upregulate E-cadherin and Snail expression 
in the CC cell lines. Furthermore, we explored the potential 
pharmacological mechanisms of lactobacilli by western blot 
assays. As shown in Fig. 3, in both the HeLa and U14 cell 

lines, treatment with lactobacilli significantly upregulated the 
expression of E-cadherin after 48 (p<0.01) and 72 h (p<0.01) 
of incubation, compared with the control (Ctrl) group. In addi-
tion, Snail expession in HeLa cells was also upregulated at 
24 h (p<0.01) after lactobacillus treatment, compared with 
that noted in the Ctrl group, and sharply decreased after 48 h, 
compared to the 24 h cells.

Lactobacilli upregulate E-cadherin via its secreted constitu-
ents. As shown in Fig.  4, active lactobacilli significantly 
upregulated the E-cadherin protein levels in the HeLa cells 
after 48 (p<0.01) and 72 h (p<0.01) of culture, compared to 
the level in the Ctrl cells. Similar to HeLa cells, treatment 
with lactobacilli obviously increased the E-cadherin expres-
sions after 24  (p<0.01), 48  (p<0.01) and 72 h  (p<0.01) of 
culture in the U14 cells, compared with that in the Ctrl cells. 
On the contrary, inactivated lactobacilli could not affect 
the E-cadherin expression in both HeLa and U14 cell lines, 

Figure 3. Effects of lactobacilli on E-cadherin, vimentin, FOXO4, Twist, β-catenin and Snail expression levels in cervical cancer (CC) cell lines. Ctrl, control. 
GAPDH was used as the internal reference to normalize the protein loading, and the target protein expression levels are expressed as a relative value to that of 
GAPDH. Data are represented as mean ± SD (n=4); **p<0.01, compared to the Ctrl; ##p<0.01, compared to cells at 24 h.
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compared with levels in the Ctrl cells (p>0.05). These results 
as mentioned above indicate that live lactobacilli upregulated 
the E-cadherin expression in CC cells instead of inactivated 
lactobacilli; therefore, the potential mechanisms may be 
related to various secreted constituents of live lactobacilli.

Lactobacilli decrease tumor weight and volume in the tumor-
burdened mice. From the results shown in Fig. 5, lactobacillus 
treatments (2.25 and 5.0x106/mice) significantly decreased the 
volume (p<0.01, p<0.01) and weight (p<0.01, p<0.01) of the 
tumors in the mice, compared with the PBS-treated mice. In 
addition, the inactivated lactobacilli did not affect the tumor 
growth in the U14 tumor-burdened mice (p>0.05).

Lactobacilli upregulate E-cadherin in the tumor-burdened 
mice. Furthermore, we determined the protein expression 
levels of E-cadherin, vimentin, β-catenin, Snail and Twist in 
the tumor tissues of the tumor-burdened mice at 21 days by 
western blot assays. As shown in Fig. 6, no obvious difference 
was observed between the PBS-treated mice and the inacti-
vated/activated lactobacillus-treated mice for the proteins of 
vimentin  (p>0.05), β-catenin (p>0.05), Snail (p>0.05) and 
Twist (p>0.05). Importantly and notably, compared with the 
PBS-treated mice, the lactobacilli significantly upregulated 
the E-cadherin expression in the tumor tissues at the doses 
of 2.25x106/mice  (p<0.01) and 5.0x106/mice  (p<0.01). On 
the contrary, the inactivated lactobacilli did not affect the 

Figure 4. Effects of lactobacilli on E-cadherin expression in cervical cancer (CC) cell lines. Ctrl, control. (A) Effects of lactobacilli on E-cadherin expression. 
(B) Effects of inactivated lactobacilli on E-cadherin expression. GAPDH was used as the internal reference to normalize the protein loading, and the target 
protein expression levels are expressed as a relative value to that of GAPDH. Data are represented as mean ± SD (n=4); **p<0.01, compared to Ctrl.

Figure 5. Effects of lactobacilli on tumor weight and volume in the U14 tumor-burdened mice at day 21. Data are represented as mean ± SD (n=5); **p<0.01, 
compared to the PBS mice.
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E-cadherin expression compared with that in the PBS-treated 
mice (p>0.05).

E-cadherin expression in U14 tumor tissues. In addition, we 
further determined the protein expression level of E-cadherin 
in tumor tissues using immunohistochemical assay with 
E-cadherin antibody straining. As shown in Fig. 7 and Table I, 

in the tumor tissues of the PBS-treated mice, the expression 
level of E-cadherin was low  (Fig.  7B; Table  I). For the 
inactivated lactobacillus-treated mice (2.25 and 5.0x106/mice), 
the E-cadherin expression levels were still low (Fig. 7C and D; 
Table I), and did not show obvious differences compared to the 
PBS-treated mice (p>0.05, p>0.05). Notably, the lactobacillus 
treatments (2.25 and 5.0x106/mice) significantly upregulated 

Figure 6. Effects of lactobacilli on E-cadherin, vimentin, β-catenin, Snail and Twist in tumor-burdened mice at day 21. GAPDH was used as the internal 
reference to normalize the protein loading, and the target protein expression levels are expressed as a relative value to that of GAPDH. Data are represented as 
mean ± SD (n=5); **p<0.01, compared to PBS mice.

Figure 7. E-cadherin expression in U14 tumor tissues at day 21. (A) H&E staining of the tumor tissues. (B-F) E-cadherin antibody staining of tumor tissues 
from the PBS-treated mice, inactivated lactobacilli-treated mice (2.25 and 5.0x106/mice) and lactobacillus-treated mice (2.25 and 5.0x106/mice), respec-
tively (yellow-brown represents positive E-cadherin expression; magnification, x400).
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the protein expression level of E-cadherin in the tumor tissues 
(p<0.05, p<0.05), compared with that in the PBS-treated 
mice (Fig. 7E and F; Table I).

Discussion

Previous research has demonstrated that tumor cell inva-
sion and migration to the extracellular matrix (ECM) is the 
crucial step in tumor metastasis (15). In the present study, the 
wound healing assay results indicated that lactobacilli could 
significantly inhibit the migration of cervical cancer (CC) 
cells in vitro. In addition, CCK-8 assay results demonstrated 
that the inhibitory effects of lactobacilli on the migration 
of CC cells are not due to its cytotoxicity. These results as 
mentioned above suggest that lactobacilli have potential 
inhibitory effects on CC cell migration ability. Epithelial-
mesenchymal transition (EMT) plays an important role in 
the development, invasion and metastasis of tumors, and 
invasion and metastasis are two crucial hallmarks of malig-
nancy which commonly results in the loss of E-cadherin. 
In addition, previous studies have revealed that E-cadherin 
loss is the most important event in the development of 
EMT  (10,11). E-cadherin, a 12-kDa calcium-dependent 
membrane glycoprotein, possesses important physiological 
activities regarding the maintenance of cell-cell adhesion, 
epithelial tissue polarity and structural integrity  (15-17). 
Increasing evidence has demonstrated that levels of 
E-cadherin are commonly downregulated in various human 
malignancies, including lung and skin cancer, oral squamous 
carcinoma, as well as CC. Thus, low E-cadherin expression 
has been considered as an indicator of the poor prognosis of 
tumors (18,19). Our present research showed that lactobacilli 
notably upregulated the E-cadherin expression in CC tumor 
cells in vitro and in vivo, indicating that this effect may be 
a key factor attributed to its inhibitory effects on CC cell 
migration ability.

The Wnt/β-catenin signaling pathway also plays an 
important role in the development of cancers, and previous 
studies have indicated that β-catenin takes part in the process 
of ETM in the invasion of colorectal cancer (20-22). Previous 
research indicates that overexpression of WIF1 (an inhibitor 
of Wnt) in PC3 cells effectively inhibited the expression of 
transcription factors of Slug and Twist, leading to upregula-
tion of E-cadherin whereas loss of vimentin is a hallmark 
of mesenchymal cells  (22,23). Our present investigation 
revealed that lactobacilli induced upregulation of E-cadherin, 
but showed no effect on expression of vimentin, suggesting 
that the inhibitory effects of lactobacilli on CC cell migration 

may possess no relation with vimentin. Furthermore, Snail, 
a DNA-binding protein, recognizes and binds to the E-box 
sequence in the promoter of the E-cadherin gene, subse-
quently resulting in low expression of E-cadherin, leading 
to the development of EMT. Thus, Snail could promote the 
invasive and metastatic abilities of tumors, such as gastric 
cancer (24,25). However, there is no evidence for the Snail 
expression in CC. In our present results, we found that after 
culture with lactobacilli for 24 h, the Snail expression in HeLa 
cells was upregulated; however this effect was not detected in 
U14 cells in vitro and tumor tissues in vivo. Thus, the inhibi-
tory effects of lactobacilli may be not related to Snail. Twist 1 
binds to β-catenin, leading to promotion of the development 
of tumors. In addition, Yang et al reported that Twist 1 inhibits 
the expression of E-cadherin in human mammary epithelial 
cells (26,27). FOXO transcription factors play important roles 
in the proliferation, differentiation and apoptosis of cells. 
Yang et al revealed that FOXO4 inhibited tumor cell prolif-
eration. Tang et al indicated that FOXO4 upregulated Bcl-6 
which could bind to the promoter of Bcl-2, leading to the 
downregulation of Bcl-2 (28,29). However, our present results 
did not provide an obvious evidence for demonstrating that 
the upregulation of E-cadherin by lactobacilli is related to the 
regulation of Twist 1 and FOXO4. In addition, we also inves-
tigated whether or not the inhibitory effects of lactobacilli on 
the migration of CC cells were due to the surface proteins of 
lactobacilli. Our results showed that inactivated lactobacilli 
had no obvious effects on tumor growth and E-cadherin 
expression. Thus, we deduced that the active components of 
lactobacilli may be related to various secreted constituents of 
live lactobacilli.

In conclusion, our results indicate that live lactobacilli have 
potential activities for inhibiting the migration of CC cells, 
and the possible pharmacological mechanism may be closely 
related to the upregulation of E-cadherin.
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