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Abstract 

Background: Nowadays, cancer is the leading cause of death among threats to humanity, necessitating prompt 
action and preparation. Cervical cancer is one of the most common cancers in women and is currently treated with 
surgery, radiation, chemotherapy, and immunotherapy, among other treatments. Current oncology approaches 
focused on the simultaneous development of safe and effective cancer multi-agent therapies. The present study 
aimed to evaluate the effects of a combined extracts of heated TC1, a heat-killed preparation of Lactobacillus casei, 
and alpha-galactosyl ceramide (α-GalCer) in a mouse model of cervical cancer.

Material and methods: Cervical cancer in the mouse model was prepared by TC1 cells subcutaneous injection into 
the left flank of female C57BL/6 mouse aged 6–8 weeks (n = 80). After the appearance of the palpable tumor, the 
mice with cervical cancer were randomly devoted to 8 (ten-member) groups. The mice in some groups were treated 
with PBS, TC1 cell extract, L. casei extract, α-GalCer, and a combination of the mentioned treatments. Then, they were 
evaluated the splenocytes proliferation, lactate dehydrogenase production and nitric oxide. Moreover, IL-4, IFN-γ, and 
TGF-β cytokine levels of splenocytes supernatant the mice were measured. In all evaluations, a statistical difference of 
less than 0.05 (P ˂ 0.05) was considered as a significant level.

Result: The findings revealed that the combination therapy group (heated TC1 cell and L. casei extracts with 
α-GalCer) significantly increases the splenocytes proliferation (MTT) (0.358 ± 0.04 OD), LDH production (45.9 ± 2.3 
U/L), NO rate (38.4 ± 2.8 µM), and IFN-γ cytokine level (46.6 ± 3.7 pg/ml) (P < 0.05). Also, observes a significantly 
reduces the production of IL-4 (11.6 ± 2.5 pg/ml) and TGF-β cytokines levels (7.8 ± 2.5 pg/ml) (P < 0.05) in comparison 
to the control group.

Conclusion: The study showed that combination therapy of L. casei and α-GalCer is an efficient treatment for cervical 
cancer in the mouse model.
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Introduction
The Human Papillomavirus (HPV) is double-stranded 
DNA virus, has over 200 various identified genotypes. 
The infection is assuming the most prevalent sexually 
transmitted infection (STI), and causes a great number 
of disorders, including benign lesions (Condylomata 
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acuminata) and pre-malignant lesions and different 
cancers [1]. Cervical cancer is one of the top five com-
mon neoplasms among women all over the world [2]. All 
women face the risk of cervical cancer. It is common in 
women of over 30. Chronic infection with some  kinds 
of HPV is the main reason for cervical cancer. HPV is a 
common virus transmitted during intercourse. It is pre-
sent in most sexually active people; however, few women 
are affected by cervical cancer [3]. The TC1 cervical car-
cinoma can be applied as an experimental animal tumor 
cell model for human cervical cancer, because it is highly 
transplantable, tumorigenic, and invasive. Comparing 
with most tumor models, TC1 cell lines can concur-
rently metastasize from the primary tumor in the cervi-
cal gland to other sites such as blood, liver, brain, lung, 
bone and lymph nodes just, similar to human cervical 
cancer [4]. Recent studies show that alpha galactosyl 
ceramide, glycosphingolipid derived from a sea sponge 
known as a combination with anti-metastasis, antitumor 
and immune system stimulates the capability of α-GalCer 
and increase the proliferation and activity of NK and 
NKT cells and production of cytokines [5]. Combina-
tion therapy with Fluorouracil (5-FU) and alpha galac-
tosyl ceramide in mouse model of liver tumor increased 
the expression of NK activating molecules on cancer 
cells, which had a synergistic antitumor effect on liver 
tumors [6]. Probiotics are organisms believed to improve 
health conditions. Lactobacillus casei is one of the lacto-
bacillus bacteria considered a safe probiotic [7, 8]. Being 
anticancer is the most crucial property of probiotic bac-
teria, along with some other properties [8]. It was also 
proved that some strains, including L. casei might modify 
immune responses against solid tumors when used orally 
[9, 10]. For instance, in the reports the regular L. casei 
intake can improve the cytotoxicity of the natural killer 
cells and adoptive immune responses in rats bearing 
invasive ductal carcinoma. Moreover, the complementary 

potential of a killed preparation of L. casei was investi-
gated in early surveys [11]. However, there is little data on 
the possible complementary benefits of the killed prepa-
ration of L. casei in a tumor vaccine. Current oncology 
approaches focused on the simultaneous development of 
safe and effective cancer multi-agent therapies. For this 
reason, the present study aimed to evaluate the effects of 
a combined extracts of heated TC1, a heat-killed prepara-
tion of L. casei, and α-GalCer in a mouse model of cervi-
cal cancer.

Materials and methods
Reagents
The 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazo-
lium bromide (MTT), Griess Reagent Kit, Dulbecco’s 
Modified Eagle Medium (DMEM), Fetal Bovine Serum 
(FBS), Dimethyl sulfoxide (DMSO), and Phosphate-buff-
ered saline (PBS) were acquired from Kalazist (Tehran, 
Iran). From Karmania Pars Gene (Kerman, Iran), ELISA 
kits for enzyme-linked immunosorbent assays (ELISA) 
were ordered.

Cell culture
We received TC1 cells from the Baqiyatallah University 
of Medical Sciences of Iran. The cells were maintained in 
monolayer cultures in DMEM supplemented with 10% 
FBS and cultivated at 37  °C in a humidified atmosphere 
with 5% CO2 (Fig. 1) [12].

Bacterial strains and growth conditions
L. casei (ATCC:393) was purchased from the central lab-
oratory of Baqiyatallah University of Medical Sciences of 
Iran. A Rogosa’s medium was applied to cultivate the bac-
teria. The process was performed at 37 °C for 24 h [13].

Fig. 1 TC1 cell line growth under cell culture condition. A 3 days after cell culture, B 7 days after cell culture
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Preparation of cell and bacterial extracts
In order to obtain cell extracts,  104 TC1 cells were 
exposed to non-lethal excessive heat (43  °C, 30  min), 
and freeze-and-thaw (− 196  °C, 30 min). The cells were 
then centrifuged and utilized as a killed cell extract in the 
treatment of cancerous mice. Additionally, 3 ×  108 CFU/
ml of grown bacteria were heated at 56 °C for 60 min in 
order to obtain the bacterial extract, which was subse-
quently centrifuged for use in the current investigation 
[13].

Experimental design, mice and tumor induction
From Iran’s Baqiyatallah University of Medical Sciences, 
80 C57BL/6 female mice aged 6 to 8  weeks were pur-
chased. Standard housing for the mice included a tem-
perature range of 22–24  °C, 12-h light/dark cycles, and 
regular food and water. Before the experiments, all the 
mice were given a week to get used to their surroundings, 
and then 1 ×  105 live tumor cells were subcutaneously 
injected into their left flanks in 200 mL of PBS containing 
0.2% BSA (Fig.  2) [12]. After that, mice were separated 
into eight equal groups at random (Table  1). To assess 

the immunomodulatory effects of Gardasil, the vaccine 
was given to one group as a positive control group. All 
groups received treatment in 100 µl volume and twice a 
one-week interval. One week after the last agent-therapy 
sampling was started.

The proliferation level of splenocytes
In order to assess the level of splenocytes proliferation, 
the MTT assay was performed. The splenocytes were 
placed in 96-well flat-bottomed plates with DMEM 
media supplemented with 10% FBS (1 ×  105 cells/100 μl/
well), and they were stimulated with antigens produced 
from the tumor cells by freezing and thawing (20  μg/
ml). The cultures were pulsed with 20  μl of the MTT 
solution (5  mg/mL) for 4  h at 37  °C after 72  h of incu-
bation. The formazan crystal was then broken down by 
adding 100  mL of DMSO and vigorously shaking the 
mixture. Using an ELISA reader, the optical density (OD) 
at 492  nm was calculated (Dynatech, Denkendorf, Ger-
many). The tests were carried out in sets of three [13].

Lactate dehydrogenase assay
A LDH detection kit was used to examine cytotoxic 
activities. This assay is a practical, quick colorimetric 
method for quantifying cytotoxicity by monitoring the 
activity of LDH produced from injured cells. Most cells 
contain the cytoplasmic enzyme LDH, which is stable. 
The TC1 cell line was utilized as the target cells, and 
the splenocytes served as the effector cells. The assay 
environment, DMEM with 1% FBS, was used to wash 
the effector and target cells before they were co-cul-
tured in 96-well round-bottomed plates for six hours 
at 37 °C at a ratio of 50 effector cells to one target cell. 
The plates were then centrifuged, and the supernatants 
were then deposited on 96-well flat-bottomed plates. 
The LDH detection mixture was then added to each 
well and placed in the refrigerator at room temperature 

Fig. 2 Tumor mice model with palpable tumor. A 18 days after injection, B 28 days after injection

Table 1 The characteristics of the studied groups

Group Characteristics (in 100 µL of PBS)

Control PBS

TC1 104 heated TC1 cells

L. casei 3 ×  108 CFU/mL of Heated Lactobacillus casei

α-GalCer 5 µg of Alpha galactosyl ceramide

TC1 + L. casei Combined of Heated TC1 and Heated Lacto-
bacillus casei

TC1 + α-GalCer Combined of Heated TC1 and α-GalCer

TC1 + L. casei + α-GalCer Combined of Heated TC1 and Lactobacillus 
casei extracts and α-GalCer

Gardasil 50 µL of Gardasil vaccine
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for 30 min. An ELISA reader from Dynatech, Denken-
dorf, Germany, was used to measure the OD at 492 nm 
[13].

Measurement of NO in splenocytes population
Using the Griess reagent to measure the nitrite content 
of the splenocytes culture supernatants, the potential 
for NO generation was evaluated. After the splenocytes 
had been cultivated, 50  ml of the cell-free supernatants 
were taken and combined with 50 ml of Griess reagent, 
which contains 0.1% sulfanilamide, 3% phosphoric acid, 
and 0.1% N-(1-Naphthyl) ethylenediamine. The resulting 
combination was left to sit at room temperature in the 
dark for ten minutes. After incubation, an ELISA reader 
(Dynatech, Denkendorf, Germany) detects the absorb-
ance at 492 nm [13].

Cytokine assay
One week after the last agent-therapy, mice were eutha-
nized to measure the cytokine assay induced in spleno-
cytes. In an aseptic setting, splenocytes were separated 
from the mice, single-cell suspensions of the splenocytes 
were made in DMEM medium containing 10% FBS, and 
RBCs were eliminated using ACK (Ammonium-Chlo-
ride-Potassium) Lysing Buffer. After that, 24-well plates 
were treated with the cell suspensions (2 ×  106 cells/mL), 
and tumor antigens were pulsed into the plates. These 
antigens were derived from the tumor cells by freezing 
and thawing (20  μl). As previously mentioned, tumor 
antigen was created. Following 72  h, the culture super-
natants were gathered. According to the manufacturer’s 
instructions, the ELISA kit was used to measure the pro-
duction of IFN-γ, IL-4, and TGF-β [13].

Statistical analysis
The statistical analysis was conducted by using SPSS 
Statistics 23 and the Tukey’s Test. The results are shown 
as means ± SD. P < 0.05 was considered statistically 
significant.

Results
Proliferation level of splenocytes
Splenocytes were cultured in the presence of TC1 anti-
gen. The cell proliferation was measured by MTT assay. 
Splenocytes proliferation in single-factor treatment 
groups was not significantly different from that in the 
control group (P˃0.05). However, splenocytes prolifera-
tion increased significantly in the combination therapy 
and Gardasil groups in compared to the control group (P 
˂ 0.05) (Fig. 3).

Nitric oxide and lactate dehydrogenase production rate
The findings revealed that the amount of nitric oxide and 
lactate dehydrogenase production in single-factor treat-
ment groups increased significantly in comparison to the 
control group (P < 0.05). The same is true, for the com-
bination therapy groups (P < 0.05). The highest amount 
of nitric oxide and lactate dehydrogenase production 
belonged to the combination treatment group with TC1 
extract, bacterial extract and α-GalCer (Figs. 4, 5).

Splenocytes supernatant cytokines
The findings of cytokine production revealed that the 
level of IFN-γ production (Table  2) in all single-factor 
and multi-factor treatment groups had a significant 
increase relative to the control group (P < 0.05). The high-
est production amount was in the three-factor combi-
nation therapy and the Gardasil groups. The results of 
IL-4 production also showed that all single and multi-
factorial treatment groups except TC1 cell extract group 
had a significant decrease in comparison to the control 
group (P < 0.05) (Table 2). The level of TGF-β production 
decrease significantly just in the group treated with bac-
terial extract (P < 0.05) (Table  2). And all multifactorial 
treatment groups revealed a significant decrease in com-
pared to the control group (P < 0.05).

Discussion
Overgrowth of cells is called cancer. Since uncontrolled 
cell proliferation and programmed resistance to death are 
the main characteristics of cancer cells, what causes the 
death of cancer cells it may be considered as anticancer 
agents. Resistance to chemotherapy has been a major 
problem in recent decades [14]. The use of multi-factor 
combination therapies has attracted the attention of 
researchers. In the present study, we used two agents, L. 
casei (probiotic) and α-GalCer (NKT cell stimulator) in 
treatment of mouse model of cervical cancer. Our find-
ings revealed that the combination therapy group (TC1 
cell and L. casei extracts, α-GalCer) significantly 
increases the splenocytes proliferation, lactate dehydro-
genase production, nitric oxide and interferon-gamma 
(P < 0.05); and significantly reduces the production of 
IL-4 and TGF-β cytokines (P < 0.05) in comparison to the 
control. Nutritional compounds and their relationship 
with human health are of great importance. Probiotics as 
non-pathogenic microorganisms are present in the diges-
tive system of humans and have beneficial effects on the 
hosts. Consumption of probiotics leads to the production 
of a wide range of fermentation products such as high 
concentrations of short-chain fatty acids [15]. Among all 
probiotics, bacteria of the lactobacillus family such as 
lactobacillus acidophilus, L. casei and Lactobacillus del-
brueckii are the most efficient components of the normal 
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Fig. 3 Effects of single and combined treatment on the proliferation level (Optical Density) of splenocytes. The values were normalized. Significant 
statistical differences between groups in each index are shown by the different superscript letter (P < 0.05)

Fig. 4 Effects of single and combined treatment, on the NO production of splenocytes. The values were normalized. Significant statistical 
differences between groups in each index are shown by the different superscript letter (P < 0.05)



Page 6 of 9Haghighi et al. Infectious Agents and Cancer           (2022) 17:51 

intestinal flora among humans and animals. The role of 
lactobacillus probiotics in facilitating the treatment of 
colorectal cancer is known for this reason, many studies 
have been focused currently on investigating the cyto-
toxic effects of probiotic bacteria [16]. NKT cells are 
innate immune components restricted to the CD1d 
receptor and possess the simultaneous characteristics of 
the T cells and NK cells. INKT cells are the main group of 
NKT cells in humans and mice. They express the 
Vα24-Jα18 and Vα14-Jα18 TCRα chains in humans and 

mice, respectively. Activated iNKT cells rapidly secrete 
both the cytokines Th1 and Th2, and activate NK cells 
and other immune cells to stimulate antitumor immune 
responses [17]. α-GalCer as the main receptor ligand for 
iNKT cells, is a sphingolipid. It was firstly isolated from 
Agelas mauritianas sponge in 1994, using chloroform 
and HPLC purification techniques. Many studies have 
identified α-GalCer as a non-specific (innate) immune 
system stimulant. The literature shows that the antitumor 
properties of α-GalCer are mediated by CD1d-bound 
iNKT cells [18]. Therefore, α-GalCer is applied due to the 
stimulation of the innate immune arm, especially iNKT. 
Abdolalipur et al. (2020) showed that levels of IFN-γ, IL-4 
and IL-12 after treatment with GM-CSF with L. casei 
probiotic were significantly higher than those in other 
groups. Also, the apoptosis-inducing ligand associated 
with intra-tumor TNF-α increased significantly. Further-
more, tumor analysis showed that probiotic group ther-
apy reduced IL-10 accumulation in the tumor 
microenvironment of the treated mice. Additionally, 
tumor volume analysis revealed that probiotic group 
therapy suppressed tumor growth. Abdolalipour et  al. 
(2020) demonstrated that combining GM-CSF and probi-
otics suppresses HPV-related tumors and enhances spe-
cific antitumor immune responses [19]. Jacouton et  al. 

Fig. 5 Effects of single and combined treatment, on the LDH production of splenocytes. The values were normalized. Significant statistical 
differences between groups in each index are shown by the different superscript letter (P < 0.05)

Table 2 Effects of single and combined treatment, on the 
cytokine production of splenocytes IFN-γ, IL-4 and TGF-β

The values were normalized (Significant statistical differences among groups in 
each index are shown by the different superscript letter P < 0.05)

Groups IFN-γ IL-4 TGF-β

Control 5.3 ± 1.9a 24.6 ± 2.1a 15.2 ± 1.6a

TC1 13.1 ± 3.5b 22.7 ± 2.8a 13.9 ± 0.6a

L. casei 17.7 ± 2.0b 15.7 ± 2.6b 12.0 ± 1.3b

α-GalCer 15.5 ± 2.2b 15.9 ± 1.9b 13.5 ± 2.0ab

TC1 + L. casei 36.1 ± 2.7c 12.0 ± 1.4c 9.1 ± 1.4c

TC1 + α-GalCer 33.2 ± 3.7c 11.0 ± 1.7c 9.8 ± 1.2c

TC1 + L. casei + α-GalCer 46.6 ± 3.7d 11.6 ± 2.5c 7.8 ± 2.5c

Gardasil 47.1 ± 2.1d 12.3 ± 1.6c 8 ± 1.5c
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(2019) determined the systemic role of T cells in protect-
ing tumors through a negative correlation of tumor size, 
T cell subpopulations and increased levels of Foxp3 in 
tumor-bearing mice. And lastly, a negative relationship 
between tumor size and NK cells, local migration of NK 
cells and cytotoxic activity specific for BL23 treatment 
were observed. Studies showed that the IL-2 signaling 
pathway has a crucial role in antitumor effects of the pro-
biotic strain L. casei BL23. They also suggest more 
research on probiotic strains for therapeutic applications 
in clinical practice, specifically for colorectal cancer 
treatment [10]. Jafari et al. (2017) suggested that animals 
receiving probiotics face better survival curves and tumor 
growth rates than tumor-bearing mice and negatively 
controlled mice. Immunization considerably enhances 
nitric oxide production and cytotoxicity of natural killer 
cells in spleen cell culture of tumor-bearing rats. Moreo-
ver, immunotherapy increases IFN-γ secretion, while it 
decreases IL-4 and TGF-β secretion in the splenocytes 
population in comparison to the splenocytes from other 
groups. Combined immunotherapy with heated 4T1 cells 
and heated L. casei also leads to useful results in the mice 
breast cancer model [13]. Yazdi et al. (2009) showed that 
L. casei oral administration could inhibit tumor growth 
and increase local inflammation in DTH assays due to 
increase the efficiency of immune responses. In addition, 
oral administration of L. casei may regulate immune 
responses and upset the Th1 balance and may be efficient 
for cancer immunotherapy; however, further studies are 
necessary to investigate other mechanisms of this effect 
[20]. Soltan Dallal et al. (2015) showed that lactobacillus 
supernatant reduces cell proliferation and increases cell 
apoptosis. No meaningful effect on cell necrosis has been 
reported. On the other hand, lactobacillus extract 
decreases cell proliferation and increases cell apoptosis. 
Lactobacillus extract also leads to cell necrosis. Moreo-
ver, supernatants and cell extracts of probiotic agents 
reduce cell migration and invasion [21]. Zhang et  al. 
(2019) reported that NKT cells are quasi-innate T cells 
with CD1d restriction that express T cell receptors and 
NK cell markers. The main group of NKT cells is the 
same among humans and rats. The most common func-
tion of iNKT cells is being potentially antitumor. Since 
discovery of the function from 25 years ago, the primary 
ligand of iNKT cells and the, α-GalCer has been used in 
more than 30 antitumor clinical trials. To realize its ther-
apeutic potential, several preclinical models have been 
developed in order to optimize α-GalCer-based designs 
and strategies. However, since there is no standard proto-
col for α-GalCer [18]. Lee et  al. (2016) evaluated the 
immunomodulatory effect of dead lactobacillus plan-
tarum with nano-sized lactobacillus plantarum (nLp) 
size in RAW 264.7 cells and the mouse primary 

splenocytes. nLp is the dead, shrunk, processed form of 
lactobacillus plantarum nF1, isolated from kimchi (a tra-
ditional Korean fermented cabbage) less than 1  µm in 
size. The nLp treatment was found out to stimulate nitric 
oxide production in RAW 264.7 macrophages more than 
in pure live lactobacillus plantarum, and the stimulatory 
properties may have been largely derived from its cell 
wall. In addition, nLp induced mouse spleen cell prolifer-
ation was greater than that of pLp in particular, high-dose 
proliferation stimulated as much as lipopolysaccharide at 
2 μg/ml. In addition, according to the results of cytokine 
profiles in spleen cells, nLp treatment promoted Th1 
(TNF-α, IL-12 -p70) responses instead of Th2 responses 
(IL-4, IL-5) and increased Th17 response (IL-6, IL-17A). 
These findings suggest that dead nLp has potential appli-
cation, as a functional nutrient to enhance the immune 
response and in particular as a means of inducing Th1 
and Th17 immune responses [22]. Gableh et  al. (2016) 
claimed that the use of α-GalCer as an adjuvant in the 
DNA of the proposed cervical cancer vaccine increased 
lymphocyte proliferation, IFN-γ and IL-12 cytokine lev-
els, and inhibited tumor growth [23]. Kim et  al. (2010) 
reported that the use of α-GalCer in combination with 
tumor antigen-stimulated dendritic cells increased the 
population of anti-tumor cell T lymphocytes and 
decreased tumor volume in cervical cancer mice [24]. 
Ando et al. (2015) showed that the use of α-GalCer in the 
treatment of a mice model of metastatic lung cancer 
increased the production of cytokine IFN-γ by spleen 
cells and the population of anti-tumor cell killer T cells 
[25]. Li et  al. (2014) explained that the use of α-GalCer 
was effective in the treatment of B-cell lymphoma. It 
increased the production of IFN-γ and IL-2 by splenic 
cells and improving the specific pathology of B-lym-
phoma [26]. The advantage of our study over other stud-
ies was that our treatment consisted of both probiotic 
therapy and alpha-galactosyl therapy at the same time, 
after which we proved that both innate (NKT cell) and 
acquired immune systems are stimulated. In previous 
studies, however, most of the acquired immune arm was 
considered and the treatments were not used 
simultaneously.

Conclusion
According to the results of the present study, it can be 
said that the combined treatment of mouse model of 
cervical cancer with L. casei cells and alpha galactosyl 
ceramide is useful and effective. In addition, the present 
study showed that the beneficial effects of this com-
pound may be in part due to the diversion of immune 
responses from the production of anti-inflammatory 
cytokines such as IL-4 and TGF-β to pro-inflamma-
tory cytokines such as IFN-γ and stimulation. Also, 
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considering that it increased the rate of nitric oxide 
as representatives of the innate immune system, it can 
be concluded that in this type of combination therapy, 
both arms of the immune system are activated.

Acknowledgements
The authors wish to thank all the staff of Islamic Azad University of Medical 
Science, Tehran, Iran, for their cooperation in implementing experimental 
procedures and analysis of the data.

Author contributions
The conceptualization was done by HEG. The formal analysis and interpreta-
tion were done by HEG, DH, MAH and ShY. The resource and writing-original 
draft preparation were carried out by HEG, DH, MAH and ShY. The writing 
review and editing were performed by HEG, DH, MAH and ShY. The supervi-
sion was done by HEG. The whole manuscript was read and approved by all 
authors.

Funding
This study was fully sponsored by of the Islamic Azad University of Medical 
Science, Tehran, Iran.

Availability of data and materials
Not applicable.

Declarations

Ethics approval and consent to participate
The experimental processes were in compliance with the Iran Ministry of 
Health regulations, and approved by the Medical Ethics Committee for Animal 
Studies of Islamic Azad University (IR.IAU.PS.REC.1399.265).

Consent for publication
Not applicable.

Competing interests
The authors report no conflicts of interest.

Author details
1 Department of Microbiology, Faculty of Advanced Science and Technology, 
Tehran Medical Sciences, Islamic Azad University, Tehran, Iran. 2 Applied Virol-
ogy Research Center, Baqiyatallah University of Medical Sciences, Tehran, Iran. 
3 Department of Microbiology, Faculty of Medicine, Tehran Medical Sciences, 
Islamic Azad University, Tehran, Iran. 

Received: 4 May 2022   Accepted: 14 September 2022

References
 1. Wang R, Pan W, Jin L, Huang W, Li Y, Wu D, et al. Human papillomavirus 

vaccine against cervical cancer: opportunity and challenge. Cancer 
Lett. 2020;28(471):88–102. https:// doi. org/ 10. 1016/j. canlet. 2019. 11. 039.

 2. Su B, Qin W, Xue F, Wei X, Guan Q, Jiang W, et al. The relation of passive 
smoking with cervical cancer: a systematic review and meta-analysis. 
Medicine (Baltimore). 2018;97(46): e13061. https:// doi. org/ 10. 1097/ MD. 
00000 00000 013061.

 3. Vu M, Yu J, Awolude OA, Chuang L. Cervical cancer worldwide. Curr Probl 
Cancer. 2018;42(5):457–65. https:// doi. org/ 10. 1016/j. currp roblc ancer. 
2018. 06. 003.

 4. Keshavarz M, Ebrahimzadeh MS, Miri SM, Dianat-Moghadam H, Ghor-
banhosseini SS, Mohebbi SR, et al. Oncolytic Newcastle disease virus 
delivered by Mesenchymal stem cells-engineered system enhances 
the therapeutic effects altering tumor microenvironment. Virol J. 
2020;17(1):64. https:// doi. org/ 10. 1186/ s12985- 020- 01326-w.

 5. Amador-Molina A, Trejo-Moreno C, Romero-Rodríguez D, Sada-Ovalle I, 
Pérez-Cárdenas E, Lamoyi E, et al. Vaccination with human papillomavi-
rus-18 E1 protein plus α-galactosyl-ceramide induces CD8+ cytotoxic 

response and impairs the growth of E1-expressing tumors. Vaccine. 
2019;37(9):1219–28. https:// doi. org/ 10. 1016/j. vacci ne. 2018. 12. 036.

 6. Aketa H, Tatsumi T, Kohga K, Tsunematsu H, Aono S, Shimizu S, et al. The 
combination therapy of α-galactosylceramide and 5-fluorouracil showed 
antitumor effect synergistically against liver tumor in mice. Int J Cancer. 
2013;133(5):1126–34. https:// doi. org/ 10. 1002/ ijc. 28118.

 7. Dimidi E, Christodoulides S, Scott SM, Whelan K. Mechanisms of action 
of probiotics and the gastrointestinal microbiota on gut motility and 
constipation. Adv Nutr. 2017;8(3):484–94. https:// doi. org/ 10. 3945/ an. 116. 
014407.

 8. Tarrah A, de Castilhos J, Rossi RC, Duarte VDS, Ziegler DR, Corich V, et al. 
In vitro probiotic potential and anti-cancer activity of newly isolated 
folate-producing streptococcus thermophilus strains. Front Microbiol. 
2018;19(9):2214. https:// doi. org/ 10. 3389/ fmicb. 2018. 02214.

 9. Aindelis G, Tiptiri-Kourpeti A, Lampri E, Spyridopoulou K, Lamprianidou 
E, Kotsianidis I, et al. Immune responses raised in an experimental colon 
carcinoma model following oral administration of Lactobacillus casei. 
Cancers (Basel). 2020;12(2):368. https:// doi. org/ 10. 3390/ cance rs120 20368.

 10. Jacouton E, Michel ML, Torres-Maravilla E, Chain F, Langella P, Bermúdez-
Humarán LG. Elucidating the immune-related mechanisms by which 
probiotic strain Lactobacillus casei BL23 displays anti-tumoral properties. 
Front Microbiol. 2019;11(9):3281. https:// doi. org/ 10. 3389/ fmicb. 2018. 
03281.

 11. Golpasandi K, Froushani SM, Tukmachi A. Immunotherapy of metastatic 
mouse breast cancer by adherent splenocytes pulsed with extracts of 
heated tumor cells and Lactobacillus casei. Arch Biol Sci. 2022;13:1–9. 
https:// doi. org/ 10. 22037/ aab. v13i. 36298.

 12. van der Sluis TC, van Duikeren S, Huppelschoten S, Jordanova ES, Beyran-
vand Nejad E, Sloots A, et al. Vaccine-induced tumor necrosis factor-
producing T cells synergize with cisplatin to promote tumor cell death. 
Clin Cancer Res. 2015;21(4):781–94. https:// doi. org/ 10. 1158/ 1078- 0432. 
CCR- 14- 2142.

 13. Jafari S, Froushani SMA, Tokmachi A. Combined extract of heated 4t1 and 
a heat-killed preparation of Lactobacillus casei in a mouse model of breast 
cancer. Iran J Med Sci. 2017;42(5):457–64.

 14. Mansoori B, Mohammadi A, Davudian S, Shirjang S, Baradaran B. The dif-
ferent mechanisms of cancer drug resistance: a brief review. Adv Pharm 
Bull. 2017;7(3):339–48. https:// doi. org/ 10. 15171/ apb. 2017. 041.

 15. Markowiak P, Śliżewska K. Effects of probiotics, prebiotics, and synbiot-
ics on human health. Nutrients. 2017;9(9):1021. https:// doi. org/ 10. 3390/ 
nu909 1021.

 16. Yue Y, Wang S, Shi J, Xie Q, Li N, Guan J, Evivie SE, Liu F, Li B, Huo G. Effects 
of Lactobacillus acidophilus KLDS1.0901 on Proliferation and Apoptosis 
of Colon Cancer Cells. Front Microbiol. 2022;12:788040. https:// doi. org/ 10. 
3389/ fmicb. 2021. 788040.

 17. Vahl JC, Heger K, Knies N, Hein MY, Boon L, Yagita H, et al. NKT cell-TCR 
expression activates conventional T cells in vivo, but is largely dispensa-
ble for mature NKT cell biology. PLoS Biol. 2013;11(6): e1001589. https:// 
doi. org/ 10. 1371/ journ al. pbio. 10015 89.

 18. Zhang Y, Springfield R, Chen S, Li X, Feng X, Moshirian R, et al. α-GalCer 
and iNKT cell-based cancer immunotherapy: realizing the therapeutic 
potentials. Front Immunol. 2019;6(10):1126. https:// doi. org/ 10. 3389/ 
fimmu. 2019. 01126.

 19. Abdolalipour E, Mahooti M, Gorji A, Ghaemi A. Synergistic therapeutic 
effects of probiotic Lactobacillus casei TD-2 consumption on GM-CSF-
induced immune responses in a murine model of cervical cancer. Nutr 
Cancer. 2022;74(1):372–82. https:// doi. org/ 10. 1080/ 01635 581. 2020. 18654 
19.

 20. Yazdi MH, Dallal MS, Hassan ZM, Holakuyee M, Mohtasab TA, Amiri 
SA, et al. The probiotic effects of Lactobacillus casei in BALB/c mice on 
the tumor growth rate bearing breast cancer. Med J Islam Repub Iran. 
2009;27(1):43–51.

 21. Soltan Dallal MM, Mojarrad M, Baghbani F, Raoofian R, Mardaneh J, 
Salehipour Z. Effects of probiotic Lactobacillus acidophilus and Lacto-
bacillus casei on colorectal tumor cells activity (CaCo-2). Arch Iran Med. 
2015;18(3):167–72.

 22. Lee HA, Kim H, Lee KW, Park KY. Dead lactobacillus plantarum stimulates 
and skews immune responses toward T helper 1 and 17 polarizations 
in RAW 264.7 cells and mouse splenocytes. J Microbiol Biotechnol. 
2016;26(3):469–76. https:// doi. org/ 10. 4014/ jmb. 1511. 11001.

https://doi.org/10.1016/j.canlet.2019.11.039
https://doi.org/10.1097/MD.0000000000013061
https://doi.org/10.1097/MD.0000000000013061
https://doi.org/10.1016/j.currproblcancer.2018.06.003
https://doi.org/10.1016/j.currproblcancer.2018.06.003
https://doi.org/10.1186/s12985-020-01326-w
https://doi.org/10.1016/j.vaccine.2018.12.036
https://doi.org/10.1002/ijc.28118
https://doi.org/10.3945/an.116.014407
https://doi.org/10.3945/an.116.014407
https://doi.org/10.3389/fmicb.2018.02214
https://doi.org/10.3390/cancers12020368
https://doi.org/10.3389/fmicb.2018.03281
https://doi.org/10.3389/fmicb.2018.03281
https://doi.org/10.22037/aab.v13i.36298
https://doi.org/10.1158/1078-0432.CCR-14-2142
https://doi.org/10.1158/1078-0432.CCR-14-2142
https://doi.org/10.15171/apb.2017.041
https://doi.org/10.3390/nu9091021
https://doi.org/10.3390/nu9091021
https://doi.org/10.3389/fmicb.2021.788040
https://doi.org/10.3389/fmicb.2021.788040
https://doi.org/10.1371/journal.pbio.1001589
https://doi.org/10.1371/journal.pbio.1001589
https://doi.org/10.3389/fimmu.2019.01126
https://doi.org/10.3389/fimmu.2019.01126
https://doi.org/10.1080/01635581.2020.1865419
https://doi.org/10.1080/01635581.2020.1865419
https://doi.org/10.4014/jmb.1511.11001


Page 9 of 9Haghighi et al. Infectious Agents and Cancer           (2022) 17:51  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 23. Gableh F, Saeidi M, Hemati S, Hamdi K, Soleimanjahi H, Gorji A, et al. 
Combination of the toll like receptor agonist and α-Galactosylceramide 
as an efficient adjuvant for cancer vaccine. J Biomed Sci. 2016;25(23):16. 
https:// doi. org/ 10. 1186/ s12929- 016- 0238-3.

 24. Kim D, Hung CF, Wu TC, Park YM. DNA vaccine with α-galactosylceramide 
at prime phase enhances anti-tumor immunity after boosting with 
antigen-expressing dendritic cells. Vaccine. 2010;28(45):7297–305. 
https:// doi. org/ 10. 1016/j. vacci ne. 2010. 08. 079.

 25. Ando T, Ito H, Arioka Y, Ogiso H, Seishima M. Combination therapy with 
α-galactosylceramide and a Toll-like receptor agonist exerts an aug-
mented suppressive effect on lung tumor metastasis in a mouse model. 
Oncol Rep. 2015;33(2):826–32. https:// doi. org/ 10. 3892/ or. 2014. 3634.

 26. Li J, Sun W, Subrahmanyam PB, Page C, Younger KM, Tiper IV, et al. NKT 
cell responses to B cell lymphoma. Med Sci (Basel). 2014;2(2):82–97. 
https:// doi. org/ 10. 3390/ medsc i2020 082.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1186/s12929-016-0238-3
https://doi.org/10.1016/j.vaccine.2010.08.079
https://doi.org/10.3892/or.2014.3634
https://doi.org/10.3390/medsci2020082

	Combined extract of heated TC1, a heat-killed preparation of Lactobacillus casei and alpha-galactosyl ceramide in a mouse model of cervical cancer
	Abstract 
	Background: 
	Material and methods: 
	Result: 
	Conclusion: 

	Introduction
	Materials and methods
	Reagents
	Cell culture
	Bacterial strains and growth conditions
	Preparation of cell and bacterial extracts
	Experimental design, mice and tumor induction
	The proliferation level of splenocytes
	Lactate dehydrogenase assay
	Measurement of NO in splenocytes population
	Cytokine assay
	Statistical analysis

	Results
	Proliferation level of splenocytes
	Nitric oxide and lactate dehydrogenase production rate
	Splenocytes supernatant cytokines

	Discussion
	Conclusion
	Acknowledgements
	References


