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Introduction
Despite recent advances in clinical cancer treatment 
strategies, such as chemotherapy and immunotherapy, 
the oral cancer is the second leading cause of cancer-
related mortality. Accordingly, exploring the new and 
effective methods for the treatment of oral cancer is 
highly demanded. Nowadays, probiotics suggested as 
an adjunctive and complementary strategy to increasing 
of chemotherapy and immunotherapy efficiency.1, 2 
Probiotics are the beneficial bacteria and cause the vital 
positive effects on human’s health. It is believed that 
probiotics are effective in cancer therapy, in large part 

because of their positive effects on the immunity system3-5 
– they seem to act as key modulators of mucosal immunity 
against cancer. In addition, their effects on the immune 
system are rendered by their secondary metabolites, 
DNA, and cell wall components. Interestingly, probiotics 
have different effects on normal and cancer cells.6-8 One 
of the attractive candidates to the probiotics cancer 
therapy is Lactobacillus plantarum. Accordingly some 
new studies have established the existence of L. plantarum 
in the mouths and also their anti-tumor activities.9 More 
deeply, it was shown that the bacteria released some 
polysaccharides that could cause anti-tumor activities 
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Abstract
Introduction: The oral tumor is the sixth most 
prevalent type of cancer worldwide and the 
second leading cause of cancer-related mortality. 
Although chemotherapy and immunotherapy 
are the main strategies for the treatment of oral 
cancer, an emergence of inevitable resistance 
to these treatment modalities is the major 
drawback that causes recurrence of the disease. 
Nowadays, probiotics have been suggested 
as adjunctive and complementary treatment 
modalities for improving the impacts of chemotherapy and immunotherapy agents. Probiotics, 
the friendly microflora in our bodies, contribute to the production of useful metabolites with 
positive effects on the immune system against various diseases such as cancer. 
Methods: Lactobacillus plantarum is one of the most important bacteria, which commensally 
live in the human oral system. In the current study, the impacts of L. plantarum on maintaining 
oral system health were investigated, and the molecular mechanisms of inhibition of oral cancer 
KB cells mediated by L. plantarum were evaluated using real-time polymerase chain reaction 
(PCR) and FACS flow cytometry analyses. 
Results: Our findings showed that L. plantarum is effective in the signal transduction of the 
oral cancer cells through upregulation and downregulation of PTEN and MAPK pathways, 
respectively.
Conclusion: Based on the biological effects of oral candidate probiotics candidate bacterium L. 
plantarum on functional expression of PTEN and MAPK pathways, this microorganism seems 
to play a key role in controlling undesired cancer development in the oral system. Taken all, L. 
plantarum is proposed as a potential candidate for probiotics cancer therapy.
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introduced to a different passage of the cultivated KB cells 
(at 40%-50% confluency) for different time points (2, 6  
and 24 hours), The treated cells with the conditioned-
media were then subjected to various biological analyses. 

DNA ladder assay for detection of apoptotic cells
The treated KB cells with about 70% confluence were 
collected from the culture plate flask using 0.05% trypsin/
EDTA solution. The KB cells genomic DNA was extracted 
based on a method developed by Rahbar Saadat et al.11

Assessment of mRNA expression by real-time RT-PCR 
Total RNA of the cells was extracted by Traizol-based 
method.12 One microgram of the extracted mRNAs 
was used for the RT-PCR experiment according to the 
instruction provided by Thermo Fisher Scientific for 
MMLV enzyme. 

The real-time PCR was performed by utilizing the power 
SYBR®Green based PCR master mix and running on iQ5 
Cycler (Bio-Rad, Hercules, USA). The absolute volume of 
the reaction was 20 μL. Each well was incorporated with 10 
μL of Power SYBR Green PCR Master Mix, 1 μL of cDNA, 
and 0.25 µM of both forward and reverse primers (Table 1) 
. The PCR cycling steps were incorporated for 10 minutes 
at 94°C: 40 cycles of 25 seconds at 94°C for denaturation 
step, 30 seconds at annealing temperature, and 30 seconds 
at 72°C for the amplification separately. The GAPDH 
(house-keeping gene) was used as an internal reference to 
standardize the Ct of target genes. The obtained Ct were 
analyzed by Paddle method 2–ΔΔCT.13

Flow cytometry assay 
Apoptosis and necrosis in the KB cells under the influence 
of L. plantarum were evaluated with flow cytometry. 
The co-cultured cells with L. plantarum were harvested, 
washed with PBS, re-suspended in the binding buffer and 
stained with Annexin V-FITC for 15 minutes. Then, the 
stained cells were incubated at room temperature. Finally, 
the cells were re-suspended in the PI binding buffer and 
prepared for the measurement of apoptosis.

DAPI staining
To analyze the morphology of nucleus of the apoptotic 
cells, 4,6-diamidino- 2-phenylindole (DAPI) method was 
used. The KB cells were seeded onto the 6-well plate and 
then condition media added to the cells and incubated 
for 24 hours. Subsequently, the cells were fixed with 4% 
paraformaldehyde for 10 minutes. Afterward, the cells 
were washed with PBS and permeabilized with 0.1% Triton 
X-100 for 10 minutes. In next step, the cells were washed 
again with PBS, and then stained with DAPI for 5 minutes. 
Finally, the morphology of cells was evaluated by invert 
fluorescence microscope, Olympus IX81equiped with 
DP72 digital camera (Olympus, Hamburg, Germany). 

Results
Molecular identification of probiotics candidate bacteria
The molecular identification of the bacteria was performed 

on the Caco-2, BGC-823, and HT-29 cells.9 Although the 
beneficial potential of this microorganism has already 
been recognized, the molecular mechanisms, by which it 
induce anticancer effect(s), are yet to be fully understood. 
It is believed that probiotics could modulate the cell signal-
transduction pathways. In the current investigation, the 
main objective was to clarify the molecular mechanism(s) 
of probiotics in cancer. Thus, we studied the anticancer 
effects of L. plantarum in the human KB cells as a model for 
the oral cancer. To uncover the molecular mechanism(s) 
of this bacterium in the inhibition of cancer, the 
expression of mitogen-activated protein kinases (MAPK) 
and phosphatase and tensin homolog (PTEN), which are 
respectively involved in the initiation and inhibition of 
cancer, were further investigated. 

Materials and Methods
Materials
RPMI1640 medium and Trypsin – EDTA (1X), penicillin, 
streptomycin, and DAPI (4,6-diamidino- 2-phenylindole) 
were obtained from Sigma-Aldrich Co. (Poole, UK). Fetal 
bovine serum (FBS) was from Gibco Life technology, 
(Paisley, UK). Primers were purchased from Bioneer 
(Daejeon, Korea). TRIzol® Reagent and MMLV Reverse 
Transcriptase were from Thermo Fisher Scientific 
(Waltham, USA). SYBR green PCR Master Mix was 
purchased from Applied Biosystems (Warrington, UK). 
Annexin V-FITC apoptosis detection kit was obtained 
from EMD Chemicals (Gibbstown, USA). Bacterial media, 
Lactobacillus Mrs Broth, TM 147, was obtained from 
Titan Biotech Co (New Delhi, India). Primary antibody 
for PTEN sc-7974 was from Santa Cruz Biotechnology 
(Dallas, USA).

Microbial strain and molecular identification
Lactobacillus plantarum was isolated from traditional 
dairy products according to the Ztaliou et al.10 Moreover, 
bile, acid resistance and antibiotic sensitivities were 
evaluated. In the end, the bacteria were genotypically 
identified by 16S rRNA gene sequencing. 

Cell culture and treatment
The human KB oral cancer cell line was purchased from 
the National Cell Bank of Iran (Pasteur Institute, Tehran, 
Iran). The KB oral cancer cells were cultured at a seeding 
density of 1.0×104 cells/cm2 using RPMI 1640 medium 
containing 10% FBS, penicillin/streptomycin (0.1 μg/μL 
and 0.1 μg/μL) and incubated in a humidified condition at 
5% CO2 and 37°C. At 40%-50% confluency, the cultivated 
KB cells were treated with the conditioned-media of the 
co-cultured cells and bacteria for 4-6 hours. To this end, 
first bacteria were cultured in the MRS broth at 37°C for 
24 hours. Then, they were centrifuged at 2800 ×g, and 
the bacterial pellet was washed with phosphate-buffered 
saline (PBS). Afterward, 0.5 McFarland concertation of 
bacteria were co-cultured with KB cells for 4-6 hours. 
The co-culture conditioned-medium was centrifuged at 
2800 ×g, filtered (0.2 µm cut-off). The filtered media were 
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by 16S rRNA gene. The sequence was submitted to the 
NCBI database (accession number: KX499629). 

DNA Ladder assay and DAPI staining: detection of DNA 
fragmentation 
The apoptotic cells induced by the bacteria condition 
media showed DNA fragmentation. Clearly, after DNA 
extraction and electrophoresis in 2% agarose gel, the ladder 
of DNA in apoptotic cells was observed. In addition, to 
analyze the morphology of nucleus of the apoptotic cells, 
DAPI staining was used. As shown in Fig. 1, no DNA and 
nucleus fragmentation were observed in the untreated 
control cells. 
 
MAPK and PTEN genes expression in KB cells 
As shown in Fig. 2, the real-time PCR results showed that 
the mRNA expression of MAPK was decreased in the 
KB cells treated with the condition-media. Additionally, 
the mRNA expression level of PTEN was increased in 
the KB cells treated with the condition-media treatment 
for 6 hours. The downregulation of MAPK and the 
upregulation of PTEN were much more significant in the 
KB cells treated with the conditioned-media for 24 hours. 

Flow cytometry assay
Annexin V binds to the membrane phosphatidylserine 

(PS) on the inner side of the plasma membrane that is 
expressed on the surface of plasma membrane. Based 
on the flow cytometry analysis, it was found that about 
50.24% apoptosis occurred in the KB cells treated with the 
conditioned-media for 24 hours (Fig. 3).

DAPI staining
The morphology of nucleus of the treated cells was 
further analyzed using DAPI staining. As shown in Fig. 

 Table 1. The primer sequences using in qPCR

Gene name Tm (oC) Primer sequence
GAPDH 63 F:5'-AAGCTCATTTCCTGGTATGACAACG-3'

R: 5'-TCTTCCTCTTGTGCTCTTGCTGG-3'

MAPK 55 F: 5-TACCTTATGAGGACTAATCG-3
R: 5-GCTGTGCAGCAACAGTC-3

PTEN 60 F: 5'- TCCCAGTCAGAGGCGCTATG-3'
R:5'-CAAACTGAGGATTGCAAGTTC-3'

Fig. 1. The DNA ladder assay of the KB cells treated with the 
conditioned-media of KB cells with L. plantarum. Lane 1: 100 bp 
DNA ladder, Lane 2: DNA extracted from apoptotic KB cells, Lane 
3: DNA extracted from the untreated control cells.

Fig. 3. The flow cytometry results of the FITC-Annexin V/PI in 
the KB cells treated with the bacterial conditioned-media for 24 
hours. (A) The untreated control cells. (B) The treated KB cells 
with bacterial conditioned media for 24 hours. NC: necrosis. EA: 
early apoptosis. LA: late apoptosis.

Fig. 2. The bacterial effects on the expression of MAPK and 
PTEN genes.
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4, morphologically, the treated cells with the conditioned-
media showed fragmented DNA. Such detrimental effects 
on the genomic level were also phenotypically manifested 
(Fig. 5). 

Discussion 
Despite recent advances in cancer treatment strategies, 
the cancers are the second leading cause of mortality 
worldwide. Probiotics have been suggested as adjunctive 
and complementary therapies to enhance the effectiveness 
of the anticancer agents. However, the molecular 
mechanisms of probiotics effects on the cancer cells are 
yet to be fully understood. Here, we investigated some 
molecular mechanisms of L. plantarum, as a mouth-
isolated bacterium, on the functional expression of a 
couple of key genes (i.e., MAPK and PTEN genes) involved 
in the survival and/or apoptosis signaling pathways 
in the oral cancer cells. The MAPK is involved in the 
tumor-inducing pathway, while the PTEN is involved 
in the cancer inhibition pathway. Further, high level of 
MAPK expression has been reported in different types of 
cancers.14 MAPK was shown to play an important role in 
the modulation of apoptosis as well as the migration and 
invasiveness of cancer. 

It should be noted that this bacterium may commensally 
exist on the human oral cavity. Thus, we aimed to look 
at the impacts of such coexisting between this bacterium 
and the cells. Interestingly, we found that L. plantarum, 
as probiotics bacterium, was able to reduce the mRNA 
expression of MAPK and increase the mRNA expression 
of PTEN (Fig. 2). The relative decrease in the expression 
of MAPK and increase in the expression of PTEN in the 
KB cancer cells may be attributed to treatment of the cells 
with the conditioned-media of KB cells coculture with 
L. plantarum. These results were confirmed by the flow 
cytometry analysis (Fig. 3), the DAPI staining experiment 
(Fig. 4) as well as Western blotting analysis (data not 
shown). In this respect, activated PTEN by affecting on 
the signal pathway are probably involved in the inhibition 
of oral cancer cells. Accordingly, these induced pathways 
were reported to have positive influence on the processes 
leading to the cancer cells death.15

Yndestad et al showed that the introduction of PTEN 

pseudogene in murine breast cancer could increase 
the functional expressions of PTEN and p53 and AP-
2γ, and hence pose an inhibitory impact on the tumor 
growth.16 Further, PTEN had an inhibitory effect on the 
activation of AKT whose functional expression favors 
the survival and progression of cancer cells. Squarize et 
al reported that inactivation of PTEN in HNSCC cancer 
cells could result in an increased activity of AKT/PI3K 
and suppression of p53.17, 18 On the other hand, it has 
been shown that the functional over-expression of PTEN 
play a protecting role resulting in a significant decrease 
in tumor growth.19, 20 The induction of the PTEN activity 
was also shown to control aggressive tumors.21 Likewise, 
our findings revealed that the KB cells treated with the 
conditioned-media of L. plantarum with the cells could 
impose a significant increase in the expressions of PTEN 
as compared to the untreated control cells. 

Further, Kavitha et al reported that the inactivation of 
MAPK pathway induces apoptosis in the cancer cells, 
in large part because of the inhibition of the NF-κB 
pathway.22 Sos et al demonstrated that the activation of 
MAPK pathway could induce the production of oncogenic 
proteins, affecting on the cancer cells proliferation and 
apoptosis pathways.23 Our data showed that L. plantarum 
can significantly reduce the expression of MAPK. In some 
previous studies, it has been reported that over-expression 
of MAPK might induce the production of growth 
factor(s) in the cancer cells, which could favor the growth 
and progression of cancer cells. In this regard, it should 
be stated that the induction of angiogenesis and also 

Fig. 4. The effect of L. plantarum on KB cells on the integrity of 
nucleus and induction of apoptosis. The KB cells were treated for 
24h with condition media. (A) The untreated control KB cells. (B) 
The KB cells treated with bacterial condition media for 24 hours.

Fig. 5. Induction of apoptosis by L. plantarum and KB cells 
co-culture conditioned medium on the KB cancer cells. (A) 
Schematic representation of the bacteria co-culture with the KB 
cells conditioned-media impacts on the regulation of the MAPK 
and the PTEN/AKT signaling pathways. (B) The light microscopy 
image of cancer KB cells treated with the conditioned medium of 
the L. plantarum and KB cells co-culture. (C) The light microscopy 
image of the untreated of KB cancer cells.
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inhibition of apoptosis appears to be the main impacts 
of the activation of MAPK pathway on the cancer cells, 
which may establish strong positive effects on the NF-κB 
pathway. Therefore, inhibition of MAPK seems to pose  
a significant negative influence on the tumor growth. 
Such inhibition might favor the chemotherapy of cancer 
through sensitizing cancer cells to the anti-cancer drugs, 
and hence increasing the cancer cells death.24-28 

Taken all, based on our findings, the mRNA expression 
of PTEN in the KB cells was increased after 24 hours 
treatment with L. plantarum conditioned-media, while 
the mRNA expression of MAPK was markedly decreased. 
These results clearly indicate that probiotics, particularly 
useful commensal bacteria, may play an important role in 
the initiation/inhibition of oral cancers by slowing down 
the growth of cancer cells through the regulation of the 
MAPK and the PTEN/AKT signaling pathways (Fig. 5). 
Still, we need to conduct thorough experiments to identify 
the microbial products by which the growth of cancer 
cells is inhibited. Nevertheless, as this bacterium is able 
to induce apoptosis in the cancer cells, it/its products may 
be considered as a complementary treatment modality in 
the oral cancer therapy. Given that lactobacillus family is 
largely found in the dairy products (e.g., chees29), their 
rational use in cancer patients may be beneficial through 
the integrity of ecological community of commensal 
microbiota of individuals.30  We have previously reported 
on the inhibition of cancer cells by the effect of probiotics 
(Leuconostoc mesenteroides) through modulation of the 
NF-kappaB/AKT/PTEN/MAPK pathways, and some 
important onco-microRNAs (miRNA-21 and miRNA-
200b).31 Similarly, the results of this current study confirm 
the impacts of probiotics on the mouth cancer cells. 
However, probiotics therapy should be done carefully 
since the imposition of encapsulated non-indigenous 
probiotics may negatively influence the normal pattern of 
the commensal microbiome of the body.30 

Conclusion
Lactobacillus plantarum, as one of the most important 
bacteria, commensally lives in the human digestion 
system. To investigate the impacts of L. plantarum on 
the inhibition of oral cancer, in the current study, the 
molecular mechanisms of the induction of apoptosis by 
this bacterium was studied in the keratin-forming human 
tumor KB cells. Our findings showed that L. plantarum is 
able to upregulate and downregulate the PTEN and MAPK 
pathways, respectively. Based on these findings, this 
microorganism seems to play a central role in controlling 
of undesired cancer development in the oral cavity. 
Conclusively,  L. plantarum is proposed as a potential 
candidate for probiotics therapy of cancer, nevertheless 
such proposition needs to be thoroughly examined in the 
relevant animal models prior to its translation into clinical 
uses. 
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