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Abstract 

Background: This study tested the hypothesis that combined therapy with probiotics and 
cytokine-induced killer (CIK) cells was superior to merely one on suppressing the peritoneal 
carcinomatosis and liver metastasis of colorectal cancer (CRC) cells in nude mice. 
Methods and Results: The in vitro study revealed that in HCT 116/SW620 CRC cell lines, cell viability, 
proliferation, colony formation, migratory ability, wound healing, and protein expression of PD-L1 and 
FAK were significantly and comparably suppressed and that apoptosis was significantly and comparably 
increased by probiotics and CIK cells, and these effects were further significantly enhanced by combined 
probiotics + CIK cell therapy (all p<0.001). Nude mice were categorized into Groups 1 (SC), 2 (HCT 
116), 3 (HCT 116 + probiotics), 4 (HCT 116 + CIK cells), and 5 (HCT 116 + probiotics + CIK cells). CRC 
cells were intraperitoneally implanted into Groups 2 to 5, and the animals were euthanized by Day 28. 
The results demonstrated that the abdominal dissemination of CRC cells, tumor numbers, tumor 
weights, liver weights, liver necrosis areas and the expression of γ-H2AX/PD-L1/FAK in harvested liver 
tumors were lowest in Group 1, highest in Group 2, and significantly and progressively decreased in 
Groups 3 to 5 (all p<0.0001). The protein expression levels of apoptotic and DNA damage biomarkers 
(Bax/c-caspase 3/c-PARP/γ-H2AX), a metastatic biomarker (FAK) and three tumor proliferation and 
survival signaling biomarkers (JAK-STAT1, PI3K/Akt/m-TOR and Ras/Raf/MEK/ERK) exhibited identical 
patterns to that of a tumor immune escape biomarker (PD-L1) among the groups (all p<0.0001). 
Conclusion: The combination of probiotics and CIK cells was superior to either therapy alone in 
suppressing CRC cell growth, proliferation, liver metastasis and survival, mainly through downregulating 
cell proliferation and survival signaling pathways. 
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Introduction 
Colorectal cancer (CRC) is the third most 

commonly diagnosed malignancy worldwide, with 
1.4 million new cases and 694,000 deaths globally [1, 
2]. The good news is that the mortality rate has slowly 
decreased by 2–3% annually [3] owing to 
improvements in treatment within these few years, 
especially in patients in the early stages of CRC. 
Undoubtedly, despite the notable progress achieved 
in the treatment of CRC, surgery remains the most 
suitable management method for patients, in contrast 
to chemotherapy, radiation and targeted therapy, 
suggesting that surgical intervention plays a pivotal 
role in CRC management [3-5]. On the other hand, 
CRC metastasis remains the primary cause of 
cancer-related mortality and the decrease in the 
survival rate. Metastasis involves a multistep cellular 
process in which tumor cells disseminate from the 
primary tumor, invade through the basement 
membrane, travel through the circulatory system, and 
establish themselves in secondary tissues such as the 
liver or lungs [6]. 

Among patients with stage IV CRC, those with 
peritoneal carcinomatosis (PC) have the poorest 
prognostic outcome, with an estimated one-year 
survival rate of only 10% [4], even among those 
receiving different palliative treatments [5-7]. 
Accordingly, an unacceptably high mortality rate and 
extremely low one-year survival rate increase the 
urgency of finding safe and relatively efficacious 
therapeutic options to improve the lives of patients 
with advanced CRC, which is highly important to 
physicians, especially for patients who are refractory 
to conventional therapy. 

An increasing number of studies have shown 
that cancer immunotherapy is the 5th most common 
cancer treatment modality behind surgery, 
chemotherapy, targeted therapy, and radiotherapy 
[8-11]. In contrast to the other four therapies, cancer 
immunotherapy [12, 13] mainly focuses on enhancing 
the anticancer abilities of immune cells rather than 
directly killing cancer cells [14-16]. One potential way 
to reconstitute host immunity is adoptive 
immunotherapy. In fact, adoptive immunotherapy 
can eliminate cancer cells through the transfusion of 
ex vivo expanded and activated immune cells, such as 
cytokine-induced killer (CIK) cells [17-20]. 

 More than thirty-three years ago, Schmidt-Wolf 
et al. described a heterogeneous cell population, which 
included CD3 and CD56 antigens as the major 
components, that were activated and then rapidly 
expanded within peripheral blood mononuclear cells 
in the presence of interferon (IFN)-γ, an anti-CD3 
monoclonal antibody and interleukin-2 (IL-2) 

stimulation in vitro. These cells subsequently 
differentiate into polyclonal T lymphocytes with a 
phenotype and function similar to those of NK cells 
[21] This heterogeneous population has since been 
designated as cytokine-induced killer (CIK) cells. 
Since then, autologous CIK cells from patients' 
peripheral blood mononuclear cells (PBMCs) have 
been activated and expanded ex vivo and 
subsequently transfused back into the patients [18, 
22]. CIK cells can undergo activation and expansion 
200- to 1000-fold over 14–21 days of ex vivo culture, 
initiated by priming with CD3 antibodies and 
cytokine stimulation (specifically, culture in the 
presence of IL-2 to acquire the CD56 antigen) [20, 23]. 
Ex vivo-expanded CIK cells are characterized as CD3+ 
CD56+ cells and exhibit potent cytotoxic activity 
against various tumor cell lines and tumors in animal 
models. Several clinical trials have demonstrated that 
combining CIK cell immunotherapy with 
chemotherapy provides promising benefits compared 
to chemotherapy alone for patients with advanced 
lung cancer [22-26]. 

Previous studies have clearly identified the gut 
microbiota as a complex community essential for 
maintaining a dynamic metabolic ecological balance 
[27]. The gut microbiota plays crucial roles in immune 
system maturation by stimulating the innate immune 
system early in life, promoting the development of 
intestinal-related lymphoid tissue, and enhancing 
acquired immunity through local and systemic 
immune responses [28]. Additionally, the gut 
microbiota contributes to the synthesis and 
metabolism of nutrients, hormones, and vitamins 
while assisting in the removal of drugs and toxins. 
Under normal conditions, the gut microbiota helps 
maintain a state of "low-grade physiological 
inflammation," which provides a rapid and effective 
defense mechanism against pathogens [29]. However, 
under pathological conditions, the gut microbiota has 
been implicated in the development of behavioral and 
cognitive dysfunctions, inflammatory reactions, 
immune dysregulation, metabolic disorders, and 
neuropathic pain [30-38]. Numerous investigations 
have also highlighted an association between the gut 
microbiota and the progression and stage of CRC, 
indicating a significant interaction between the host 
microbiota and CRC [39-45]. These findings 
underscore the need for new therapeutic strategies 
that combine immunotherapy with personalized 
probiotic adjuvant treatments. On the basis of these 
considerations, it is rational to believe that probiotics 
could increase the efficacy of CIK cell therapy in 
eradicating CRC, potentially improving PC in nude 
mice. 
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Materials and Methods 
Ethical issues 

All animal procedures were approved by the 
Institutional Animal Care and Use Committee at 
Kaohsiung Chang Gung Memorial Hospital (approval 
no. 2022031102) and conducted in accordance with the 
Guide for the Care and Use of Laboratory Animals. 
The animals were housed in an AAALAC-accredited 
facility at the hospital and maintained at a controlled 
temperature of 24 °C with a 12-hour light/dark cycle. 

CIK cell preparation and culture 
The procedure for CIK cell preparation and 

induction was reported in our previous study [46, 47]. 
Specifically, 20 mL of human peripheral blood was 
collected from healthy subjects for CIK cell induction. 
This study received approval from the Chang Gung 
Memorial Hospital Research Ethics Committee 
Institutional Review Board (IRB), and all the 
experimental protocols adhered to the IRB-approved 
guidelines. 

After informed consent was obtained, peripheral 
blood was collected from each healthy donor in 
heparin-containing tubes (BD Vacutainer). Peripheral 
blood mononuclear cells (PBMCs) were isolated from 
volunteers by Ficoll-Hypaque (GE Healthcare) 
density‒gradient centrifugation, washed three times, 
and cultured in 25 cm² flasks at a concentration of 2 × 
10⁶ cells/ml in X-VIVO 15 medium (Lonza, 04-418Q) 
supplemented with human interferon gamma (IFN-γ) 
(#300-02, PeproTech). The following day, the medium 
was supplemented with an anti-CD3 monoclonal 
antibody (clone OKT3; 16-0037-85, eBioscience) and 
interleukin-2 (IL-2; #200-02, PeproTech). The cells 
were incubated in a humidified atmosphere with 5% 
CO₂ at 37 °C, and the medium was changed every 2–3 
days. After at least 14 days of culture, the cells were 
counted with a LUNA automated cell counter (Logos 
Biosystems, Inc., Annandale, VA, USA), and the 
expression of various surface markers was analyzed 
via flow cytometry. 

CRC cell lines cocultured with probiotics 
The procedure and protocol for the cell culture 

were based on the previous reports with minimal 
modification [48-50]. In detail, HCT 116 and SW620 
cells, two colorectal cancer (CRC) cell lines, were 
evenly seeded into 6-well plates at a density of 1 × 10⁵ 
cells per well. The cells were cultured at 37 °C in a 5% 
CO₂ incubator for 14 hours to allow for cell adhesion. 
The cells in the probiotic mixture (PM) group were 
cocultured with 2 mL of the probiotic solution (1 × 10⁸ 
CFU/2 mL) at 37 °C for 8 hours. The control cells 
received the same amount of RPMI-1640 culture 

medium supplemented with 10% fetal bovine serum 
(FBS). Following 8 hours of coculture, the cells were 
collected for subsequent experiments. 

To evaluate the ability of probiotics to inhibit the 
activity of CRC cell lines, the cells were categorized 
into four groups: (1) A1 [HCT 116 cells (2 × 10⁵) + 
RPMI-1640 culture medium], (2) A2 [SW620 cells (2 × 
10⁵) + RPMI-1640 culture medium], (3) B1 [HCT 116 
cells (2 × 10⁵) + probiotics (1 × 10⁸ CFU/2 mL, i.e., 2 
mL of the probiotic mixture)], and (4) B2 [SW620 cells 
(2 × 10⁵) + probiotics (1 × 10⁸ CFU/2 mL)]. The cells 
were then collected for various experiments, 
including the MTT assay, colony formation assay, 
wound-healing assay, migration and invasion assay, 
and Ki67 staining, to assess CRC cell proliferation. 

Rationale for the use of human probiotics in 
rodents 

Lactobacillus species are generally regarded as 
safe probiotics with a long history of diverse 
applications. Additionally, our previous study [51] 
demonstrated that while the dominant microbiota 
differed between humans and rodents, the 
percentages of Lactobacillales species were similar, at 
3.1% in humans and 2.8% in rats. Therefore, 
PROBIOTICS (PNTBIO-RAYTM containing L. paracasei; 
Kao An Biomedical Co., Ltd., Kaohsiung, Taiwan) 
was selected for use in the studied rodents. The 
dosage and probiotics used in this study were based 
on our previous findings [51]. 

CRC cell lines cocultured with probiotics and 
CIK cells 

The CRC cell lines, HCT 116 and SW620 cells, 
were evenly seeded into 6-well plates at 1 × 105 cells 
per well. To evaluate whether the combination of 
probiotics and CIK cells was superior to either 
treatment alone, the cells were grouped into the 
following groups: (1) C1 [HCT 116 cells (2 × 105), (2) 
C2 [SW620 cells (2 × 105)], (3) D1 [HCT 116 cells (2 × 
105) + probiotics (1×108 CFU)/2 mL], (4) D2 [SW620 
cells (2 × 105) + probiotics (1×108 CFU)/2 mL], (5) E1 
[HCT 116 cells (2 × 105) + CIK cells cocultured with 
various effector to target (E:T) ratios of 0:1, 1:1, 5:1, 
10:1 and 20:1], (6) E2 [SW620 cells (2 × 105) + CIK cells 
cocultured with the various effector to target (E:T) 
ratios of 0:1, 1:1, 5:1, 10:1 and 20:1], (7) F1 (HCT 116 
cells + probiotics + CIK cells) and (8) F2 (SW620 cells + 
probiotics + CIK cells ), respectively. After cell culture, 
we collected the cells for individual experiments, 
including Western blot for cleaved caspase 3, cleaved 
PARP, FAK, γ-H2AX, cytochrome C, and PD-L1, MTT 
assays for assessment of cell viability, wound healing 
assays for assessment of cell growth, migration assay 
for assessment of cell invasion, and flow cytometry 
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for assessment of early and late apoptosis and the 
expression of programmed death-ligand 1 (PD-L1). 

Animal grouping and strategic management 
The pathogen-free, adult male BALB/c nude 

mice (n=40 in each group) (Charles River Technology, 
BioLASCO Taiwan Co., Ltd., Taiwan), aged 8–10 
weeks, after the 7-day adaptation period, were 
randomly allocated into Group 1 [sham-operated 
control (SC), with intraperitoneal injection of 1.0 mL 
culture medium], Group 2 (HCT 116 cells only, with 
implantation of 5 × 105 cells in 100 µL of culture 
medium into the peritoneum), Group 3 [HCT 116 cells 
(5 × 105) + probiotics (15 mg/day, oral administration 
for 7 days prior to and up to Day 21 after CRC cell 
implantation into the peritoneum (i.e., a total of 28 
days))], Group 4 [HCT 116 cells (5 × 105) + CIK cells 
(5×106 in 200 µL of culture medium for the first time 
on Day 14 by intraperitoneal injection, followed by 
intravenous injection on Day 17 after CRC cell 
implantation into the peritoneum) and Group 5 (i.e., 
HCT 116 cells + probiotics + CIK cells). 

The number of CRC cells utilized in the present 
study was based on our recent report [48] with some 
modifications. In this animal study, each nude mouse 
in Groups 3 and 5 was first treated with probiotics [15 
mg (i.e., 1.5 billion colony-forming units) 
(CFU)/day/mouse, orally QD for 7 days prior to and 
for 21 days after tumor cell implantation]. The 
probiotics utilized in the present study were 
Lactobacillus species, which are generally regarded as 
safe probiotics with a historical and broad application. 

The animals in each group were euthanized on 
Days 14, 21 and 28 after the intraperitoneal injection of 
CRC cells into the abdominal cavity, and the data 
were collected for individual experiments. 

MTT assay and assessment of colony 
formation units 

The procedures for these assays were described 
in our previous report [52]. For the MTT assay, 5000 
cells were first plated in a well of a 96-well plate. After 
the indicated time, the culture medium was removed, 
followed by addition of 200 µl of MTT reagent. After 
further incubation for 30 minutes, the reagent was 
removed, and the cells were solubilized with 100 µl of 
DMSO. A spectrophotometer was used to record the 
optical density at 595 nm. 

For evaluation of the number of colony 
formation units, 2000 cells were first plated in a well 
of a 6-well plate. After the cell colonies were visible 
without a microscope, they were washed with PBS 
and fixed with pure methanol. After removing the 
methanol residue and rehydrating with deionized 
water, the cell colonies were stained with 10% Giemsa 

solution. When the cell colonies were stained blue, the 
Giemsa solution was removed, and the samples were 
washed with tap water until the background was 
clean. After air drying, a picture was taken with a 
scanner, and the number of cell colonies was counted. 

Transwell invasion assay 
The procedure was described in our previous 

report [52]. The cells were plated in medium 
containing 0.1% FBS in the upper Boyden chamber, 
which was coated with 100 μL of 10% Matrigel, while 
the lower chamber contained medium supplemented 
with 10% serum. After 48 hours of incubation, the 
cells on the apical side of each insert were removed, 
and the invading cells on the basal side of the 
membrane were fixed and stained. To quantify 
invasive cells, five fields of view were selected from 
the periphery and center of the chamber. The number 
of invaded cells was counted in these five randomly 
chosen fields under a microscope, and this process 
was repeated for three independent experiments. 

Transwell migration assay 
The procedure and protocol were described in 

our previous report [52]. The cells were first 
trypsinized, and then 5 × 104 cells were added to 
Boyden chambers with an 8 µm pore size (Millipore, 
Billerica, MA, USA) containing medium 
supplemented with 0.5% FBS. The culture plates 
contained assay medium supplemented with 10% 
FBS. After 24 hours of incubation, the cells on the 
bottom of the filter were fixed with methanol and 
stained with Giemsa (Sigma Corp.). The number of 
migrated cells in each chamber was counted in five 
randomly chosen fields under a microscope. This 
process was repeated for three independent 
experiments. 

Wound healing assay 
The procedure was described in our previous 

report [52]. For the wound healing assay, 3.5 × 104 
cells were seeded into 12-well plates with linear 
spacer inserts. After overnight culture, the cell 
monolayer was created by removing the linear spacer 
inserts. The cells were either left untreated or treated 
with probiotics for 24 hours, and the migration 
distance was measured with ImageJ software 
(National Institutes of Health, Bethesda, MD, USA). 

Flow cytometric quantification of apoptotic 
cells 

The procedure was described in our previous 
report [52]. In this study, the cells were cultured with 
probiotics or CIK cells. Initially, the upper layer of the 
culture medium was collected, followed by 
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trypsinization of the lower layer of cells for 15 
minutes. The percentages of viable and apoptotic cells 
were assessed by flow cytometry by double staining 
with annexin V and propidium iodide (PI). 

Western blot analysis 
The procedure was described in our previous 

studies [51, 52]. In detail, equal amounts (50 µg) of 
protein extracts were loaded and separated by SDS‒
PAGE with 8−12% acrylamide gradients. The 
separated proteins were transferred onto a 
polyvinylidene difluoride (PVDF) membrane 
(Amersham Biosciences). Nonspecific sites were 
blocked by incubating the membrane overnight in 
blocking buffer (5% nonfat dry milk in Tris-buffered 
saline containing 0.05% Tween 20). 

The membranes were then incubated with the 
indicated primary antibodies [cleaved-caspase 3 
(1:1000, Cell Signaling), cleaved-PARP (1:1000, Cell 
Signaling), γ-H2AX (1:1000, Cell Signaling), 
programmed death-ligand 1 (PD-L1) (1:2000, 
Proteintech), interferon gamma (IFN-γ) (1:2000, 
Abcam), mitochondrial Bax (1:1000, Abcam), 
phosphorylated (p)-JAK2 (1:1000, Cell Signaling), 
p-STAT3 (1:1000, Abcam), Ras (1:1000, Abcam), β-Raf 
(1:1000, Cell Signaling), p-focal adhesion kinase (FAK) 
(1:2000, Abcam), p-MEK1/2 (1:1000, Cell Signaling), 
p-ERK1/2 (1:5000, Millipore), p-PI3K (1:1000, Cell 
Signaling), PI3K (1:1000, Cell Signaling), p-Akt 
(1:2000, Cell Signaling), Akt (1:2000, Cell Signaling), 
p-mTOR (1:1000, Cell Signaling), mTOR (1:1000, Cell 
Signaling), actin (1:6000, Millipore), and COXIV 
(1:5000, Abcam)] for 1 hour at room temperature. 

Horseradish peroxidase-conjugated anti-rabbit 
IgG (1:6000, Sigma) or horseradish 
peroxidase-conjugated anti-mouse IgG (1:6000, 
Sigma) was used as the secondary antibody, with a 
1-hour incubation at room temperature. The 
membranes were rinsed eight times within an hour, 
and the immunoreactive bands were visualized with 
enhanced chemiluminescence (ECL; Amersham 
Biosciences) after exposure to Biomax L film (Kodak). 
For quantification, ECL signals were digitized with 
Labwork software (UVP). 

Immunohistochemical (IHC) and 
immunofluorescent (IF) staining 

The procedures were described in our previous 
studies [51, 52]. For IHC and IF staining, rehydrated 
paraffin sections were initially treated with 3% H2O2 
for 30 minutes and then incubated with 
Immuno-Block reagent (BioSB, Santa Barbara, CA, 
USA) for another 30 minutes at room temperature. 
The sections were subsequently incubated with 
primary antibodies against specific targets: Ki67 

(1:500, Abcam), cytochrome C (1:500, Santa Cruz), 
Hsp60 (1:1000, Abcam), FAK (1:800, Cell Signaling), 
PD-L1 (1:200, Cell Signaling), and γ-H2AX (1:500, 
Abcam). The control sections were incubated with 
irrelevant antibodies. Immunostaining was visualized 
with an enhanced DAB kit (Abcam). 

Statistical analysis 
All the data are presented as the means ± SDs. 

Differences between two groups were assessed by 
Student's t test. Continuous variables among multiple 
groups were compared by ANOVA, followed by the 
Bonferroni correction for post hoc between-group 
comparisons. Repeated-measures ANOVA was 
employed to analyze cell variability at different time 
points. SAS statistical software for Windows version 
8.2 (SAS Institute, Cary, NC, USA) was used for data 
analysis. A probability value <0.05 was considered 
statistically significant. 

Results 
Probiotic treatment significantly inhibited the 
viability, colony formation, wound healing, and 
migratory and invasive capacities of CRC cells 

To determine whether probiotics are inhibitory 
to CRC cells, cell culture experiments were conducted. 
Our results (Fig. 1) indicated that probiotics 
significantly suppressed the viability, colony 
formation, wound healing, and migratory and 
invasive capacities of two CRC cell lines (HCT 116 
and SW620 cells) compared with the control groups 
without probiotic treatments. 

The combination of probiotics and CIK cell 
therapy was superior to either treatment 
alone in suppressing the viability and 
migratory and invasive abilities of CRC cells 

Compared with that of the control group, cell 
viability was significantly and progressively reduced 
by probiotic treatment and further decreased with 
increasing CIK cell concentrations (i.e., 1:1, 1:5, 1:10, 
and 1:20) at 24, 48, and 72 hours (Fig. 2 A1-C2). 
Additionally, when examining the cells subjected to 
the combined probiotic and CIK cell therapy, we 
found that cell viability also significantly and 
progressively decreased as the concentration of CIK 
cells increased (i.e., 1:1, 1:5, 1:10 and 1:20) at the same 
dose of probiotics (Fig. 2 A1-C2). 

Additionally, the migratory assay demonstrated 
that, compared with that of the control group, the 
migratory ability of HCT 116 and SW620 cells was 
significantly and progressively suppressed by 
probiotic treatment alone and by stepwise increases in 
the concentration of CIK cells (i.e., 1:1 to 1:10), with 
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the greatest suppression observed with the combined 
therapy of probiotics and stepwise increases in the 
concentration of CIK cells (i.e., 1:1 to 1:10). 
Furthermore, the invasive assay demonstrated that 

the invasive capacities of HCT 116 and SW620 cells 
exhibited an identical pattern as the migratory 
capacities with respect to the same conditions among 
the groups (Fig. 2 D1-G7). 

 

 
Figure 1. Impact of probiotics treatment on suppressing the CRC cell viability, colony formation unit, wound healing process, and migratory and invasive 
capacities. A) Cell viability of HCT 116 cells at 24 h, * vs. †, p <0.001 (n=6). B) Cell viability of HCT 116 cells at 48 h, * vs. †, p <0.001 (n=6). C) Cell viability of HCT 116 cells 
at 72 h, * vs. †, p <0.001 (n=6). D) Cell viability of SW620 cells at 24 h, * vs. †, p <0.001 (n=6). E) Cell viability of SW620 cells at 48 h, * vs. †, p <0.001 (n=6). F) Cell viability 
of SW620 cells at 48 h, * vs. †, p <0.001 (n=6). G1 to G2) Illustrating the colony formation unit (CFU) of HCT 116 cells (gray color). G3) Analytical result of number of CFU 
of HCT 116 cells, * vs. †, p <0.001 (n=6). H1 to H2) Illustrating the colony formation unit CFU of SW620 cells (gray color). H3) Analytical result of number of CFU of SW620 
cells, * vs. †, p <0.001 (n=6). I1 to I2) Illustrating the baseline of wound healing process of HCT 116 cells that did not differ between two groups. J1 to J2) Illustrating the day 
5 wound healing process of HCT 116 cells that was significantly suppressed by probiotics treatment. J3) Analytical result of wound healing process of HCT 116 cells at day 5, * 
vs. †, p <0.001 (n=6). K1 to K2) Illustrating the baseline of wound healing process of SW620 cells that did not differ between two groups. L1 to L2) Illustrating day 5 wound 
healing process of SW620 cells that was significantly suppressed in probiotics treatment. L3) Analytical result of wound healing process of SW620 cells at day 5, * vs. †, p <0.0001 
(n=6). M1 to M2) Illustrating the microscopic finding (200x) for identification of migratory ability of HCT 116 cells (pink color). M3) Analytical result of number of migratory 
HCT 116 cells, * vs. †, p <0.0001 (n=6). N1 to N2) Illustrating the microscopic finding (200x) for identification of migratory ability of SW620 cells (pink color). N3) Analytical 
result of number of migratory SW620 cells, * vs. †, p <0.0001 (n=6). Scale bars in right lower corner represent 50µm. O1 to O2) Illustrating the microscopic finding (200x) for 
identification of invasive capacity of HCT 116 cells (pink color). O3) Analytical result of number of invasive HCT 116 cells, * vs. †, p <0.0001 (n=6). P1 to P2) Illustrating the 
microscopic finding (200x) for identification of invasive ability of SW620 cells (pink color). P3) Analytical result of number of invasive SW620 cells, * vs. †, p <0.0001 (n=6). Scale 
bars in right lower corner represent 50µm.  
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Figure 2. Combined probiotics and CIK therapy was superior to merely either one on suppressing cell viability, migratory and invasive abilities of CRC 
cells. A1) HCT 116 cell viability at 24 h, * vs. †, p<0.0001, p for trend <0.001; ‡ vs. §, p <0.0001, p for trend <0.001. A2) SW620 cell viability at 24 h, * vs. †, p<0.0001, p for trend 
<0.001; ‡ vs. §, p <0.0001, p for trend <0.001. B1) HCT 116 cell viability at 48 h, * vs. †, p<0.0001, p for trend <0.001; ‡ vs. §, p <0.0001, p for trend <0.001. B2) SW620 cell 
viability at 48 h, * vs. †, p<0.0001, p for trend <0.001; ‡ vs. §, p <0.0001, p for trend <0.001. C1) HCT 116 cell viability at 72 h, * vs. †, p<0.0001, p for trend <0.001; ‡ vs. §, p 
<0.0001, p for trend <0.001. C2) SW620 cell viability at 72 h, * vs. †, p<0.0001, p for trend <0.001; ‡ vs. §, p <0.0001, p for trend <0.001. D1 to D6) Illustrating the microscopic 
finding (200x) for identification of migration ability of HCT 116 cells (pink color). D7) Analytical result of number of migratory HCT 116 cells, * vs. †, p<0.0001; p for trend 
<0.001. E1 to E6) Illustrating the microscopic finding (200x) for identification of migration ability of SW620 cells (pink color). E7) Analytical result of number of migratory 
SW620 cells, * vs. †, p<0.0001; p for trend <0.001. F1 to F6) Illustrating the microscopic finding (200x) for identification of invasion ability of HCT 116 cells (pink color). F7) 
Analytical result of number of invasive HCT 116 cells, * vs. †, p<0.0001; p for trend <0.001. G1 to G6) Illustrating the microscopic finding (200x) for identification of invasion 
ability of SW620 cells (pink color). G7) Analytical result of number of invasive SW620 cells, * vs. †, p<0.0001; p for trend <0.001. Scale bars in right lower corner represent 50µm. 
CIK = cytokine-induced killer; CRC = colorectal cancer. 
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Effect of probiotics and CIK cells on the 
suppression of CRC proliferation, 
mitochondrial integrity and apoptosis 

To assess whether probiotics and CIK cell 
treatment suppress cell proliferation and the number 
of mitochondria in CRC cells, immunofluorescence 
staining was conducted after cell culture. Compared 
with that in the control groups, the expression of Ki67, 
an indicator of cell proliferation, was significantly 
lower in HCT 116 and SW620 CRC cells treated with 
probiotics (Fig. 3 A1-B3). 

Compared with that in the control groups, the 
expression of mitochondrial cytochrome C, an 
indicator of mitochondrial integrity, was significantly 
lower in probiotic-treated cells (Fig. 3 C1-D7). This 
reduction was even more significant in cells treated 
with low-dose CIK cells (1:1), further reduced in cells 
treated with high-dose CIK cells (1:10) or combined 
probiotics and low-dose CIK cells (1:1), and most 
pronounced in cells treated with combined probiotics 
and high-dose CIK cells (1:10) (Fig. 3 C1-D7). On the 
other hand, the percentage of HCT 116 and SW620 
CRC cells in early and late apoptosis (Fig. 3. E1-F8) 
displayed an opposite pattern, whereas the expression 
of PD-L1 (Fig. 3 G1-H7) displayed a similar pattern to 
that of mitochondrial cytochrome C among the 
groups. 

Effect of probiotics and CIK cell therapies on 
the suppression of the protein expression of 
CRC immune escape-, migration- and 
death-related biomarkers 

To elucidate the impact of probiotics and CIK 
cell therapies on regulating the protein levels of CRC 
immune escape- and migration-related biomarkers in 
HCT 116 and SW620 cells, Western blot analysis of an 
in vitro experiment was conducted. Compared with 
those in the control groups (i.e., HCT 116 and SW620 
cells), the protein expression of PD-L1, an indicator of 
immune escape (i.e., adaptive immune resistance), 
and of focal adhesion kinase (FAK), an 
integrin-associated protein tyrosine kinase playing an 
essential role in transmitting signals for mediating 
several functions, including tumor cell proliferation, 
migration, adhesion and survival, were significantly 
suppressed by probiotic treatment in both HCT 116 
and SW620 cells (Fig. 4 A-D). Additionally, these two 
parameters were further significantly suppressed by 
CIK cell treatment, especially at higher CIK cell 
concentrations (i.e., 1:1 vs. 1:10, p<0.001) (Fig. 4 A-D). 
Interestingly, the combined probiotics and CIK cell 
treatment further suppressed PD-L1 and FAK in HCT 
116 and SW620 cells, especially when the 
concentration of CIK cells was increased (i.e., 1:1 vs. 

1:10, p<0.001) (Fig. 4 A-D). 
Western blot analysis revealed that the protein 

levels of cleaved caspase 3 and cleaved PARP, two 
apoptotic biomarkers, and the protein expression of 
γ-H2AX, an indicator of DNA damage in both HCT 
116 and SW620 cells, displayed a pattern opposite 
pattern to that of PD-L1 among the groups (Fig. 4 E-J). 
Our findings highlighted that the combination of 
probiotics and CIK cells was superior to either 
treatment alone in suppressing CRC cell biological 
activity and enhancing the success of killing CRC 
cells. 

Time courses of the bioluminescence signal of 
CRC in the liver and abdomen and anatomical 
and pathological features of the tumors 

CRC cells (Groups 2 (HCT 116 cells only), 3 
(HCT 116 cells + probiotics), 4 (HCT 116 cells + CIK) 
and 5 (HCT 116 cells + probiotics + CIK cells)) were 
implanted into the peritonea of mice, with Group 1 
serving as the SC. 

First, when the IVIS was used to track the 
destination and bioluminescence signals of CRC cells, 
we found that the intensity of the bioluminescence 
signal on Day 14 after the implantation of CRC cells 
into the peritoneum was lowest in Group 1, highest in 
Group 2, significantly greater in Group 4 than in 
Groups 3 and 5 and significantly greater in Group 3 
than in Group 5 (Fig. 5 A1-B). Additionally, by Day 
21, this parameter exhibited a similar pattern as that 
on Day 14 among the groups (Fig. 5 A1-C). On the 
other hand, on Day 28 after CRC tumor induction, this 
parameter was lowest in Group 1, highest in Group 2 
and significantly and progressively decreased from 
Groups 3 to 5 (Fig. 5 A1-D). Interestingly, the final 
destinations of the CRC cells were identified by IVIS, 
which revealed a diffuse dissemination in the 
subdiaphragm area, liver, and spleen and a scattering 
in the peritoneum (Fig. 5 A1-A5). Additionally, the 
pathological findings demonstrated that the tumors 
could be harvested from the liver subdiaphragmatic 
region and peritoneal cavity (Fig. 5 E1-E5, 5G). 

Next, we carefully measured the amount of 
ascites in each group of animals and found that the 
volume of ascites was highest in Group 2, lowest in 
Group 1 and significantly greater in Group 4 than in 
Groups 3 and 5; however, there was no difference 
between these latter two groups (Fig. 5J). 

We then carefully measured the total tumor 
weight and found that this parameter was 
significantly greater in Group 2 than in Groups 3 to 5 
and significantly greater in Group 3 than in Groups 4 
and 5, but there was no difference between the latter 
two groups (Fig. 5F). Additionally, when we carefully 
estimated the total number of tumors, we found that 
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the tumors, with variable sizes and diameters, were 
significantly and progressively reduced from Groups 
2 to 5 (Fig. 5G). Furthermore, the liver weights (Fig. 

5H) and the ratios of liver weight to body weight (Fig. 
5I) were significantly greater in Group 2 than in the 
other groups. 

 

 
Figure 3. Impact of probiotics and CIK on suppressing the CRC proliferation mitochondrial integrity. A1 to A2) Illustrating the immunofluorescent (IF) 
microscopic finding (400x) for identification of ki67-positve stain of HCT 116 cells (green-blue color: indicated a merged picture of double stains of DAPI and ki67). A3) Analytical 
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result of number of ki67+ cells, * vs. †, p<0.0001. B1 to B2) Illustrating the IF microscopic finding (400x) for identification of ki67-positve stain of SW620 cells (green-blue color: 
indicated a merged picture of double stains of DAPI and SW620). B3) Analytical result of number of ki67+ cells, * vs. †, p<0.0001. Scale bar in right lower corner represents 
20µm. C1 to C6) Illustrating the immunofluorescent (IF) microscopic finding (400x) for identification of mitochondrial cytochrome C (green-red color) in HCT 116 [noted they 
were merged pictures of double stains by cytochrome C stain (green color) + heat-shock protein 60 (Hsp60) for identification of mitochondria (red color)]. C7) Analytical result 
of number of cytochrome C in mitochondria, ∗ vs. other groups with different symbols (†, ‡, §, ¶) p<0.0001. D1 to D6) Illustrating the IF microscopic finding (400x) for 
identification of mitochondrial cytochrome C (green-red color) in SW620 [noted they were merged pictures of double stains by cytochrome C stain (green color) + heat-shock 
protein 60 (Hsp60) for identification of mitochondria (red color)]. D7) Analytical result of number of cytochrome C in mitochondria, ∗ vs. other groups with different symbols 
(†, ‡, §, ¶) p<0.0001. Scale bars in right lower corner represent 20µm. E1 to E6) Illustrating the flow cytometric analysis for identification of early and late apoptoses of HCT 116 
cells undergoing probiotics and CIK treatment. E7) Analytical result of number of early (AN-V+/PI-) apoptosis of HCT 116, ∗ vs. other groups with different symbols (†, ‡, §, ¶, 
α) p<0.0001. E8) Analytical result of number of late (AN-V+/PI+) apoptosis of HCT 116, ∗ vs. other groups with different symbols (†, ‡, §, ¶, α) p<0.0001. F1 to F6) Illustrating 
the flow cytometric analysis for identification of early and late apoptoses of SW620 cells undergoing probiotics and CIK treatment. F7) Analytical result of number of early 
(AN-V+/PI-) apoptosis of SW620, ∗ vs. other groups with different symbols (†, ‡, §, ¶, α) p<0.0001. F8) Analytical result of number of late (AN-V+/PI+) apoptosis of SW620, ∗ 
vs. other groups with different symbols (†, ‡, §, ¶, α) p<0.0001. G1 to G6) Illustrating the flow cytometric analysis for identification of PDL1 expression in HCT 116 cells, 
undergoing probiotics and CIK treatments. G7) Analytical result of number of PDL1-positive stain in HCT 116 cells, ∗ vs. other groups with different symbols (†, ‡, §, ¶, α) 
p<0.0001. H1 to H6) Illustrating the flow cytometric analysis for identification of PDL1 expression in SW620 cells, undergoing probiotics and CIK treatments. H7) Analytical 
result of number of PDL1-positive stain in SW620 cells, ∗ vs. other groups with different symbols (†, ‡, §, ¶, α) p<0.0001. All statistical analyses were performed by one-way 
ANOVA, followed by Bonferroni multiple comparison post hoc test (n=4-5 for each group). Symbols (*, †, ‡, §, ¶, α) indicate significance (at 0.05 level). CIK = cytokine-induced 
killer; CRC = colorectal cancer.  

 
Figure 4. Impact of probiotics and CIK therapies on suppressing the protein expression of CRC immune escape and migration-required biomarker, and 
CRC dead-related biomarkers. A) Protein expression of programmed death protein 1 ligand (PD-L1) in HCT 116 cells, * vs. †, p< 0.0001; p for trend <0.001. B) Protein 
expression of PD-L1 in SW620 cells, * vs. †, p< 0.0001; p for trend <0.001. C) Protein expression of focal adhesion kinase (FAK) in HCT 116 cells, * vs. †, p< 0.0001; p for trend 
<0.001. D) Protein expression of FAK in SW620 cells, * vs. †, p< 0.0001; p for trend <0.001. E) Protein expression of cleaved caspase 3 (c-Casp3), in HCT 116 cells, * vs. †, p< 
0.0001; p for trend <0.001. F) Protein expression of c-Casp3, in SW620 cells, * vs. †, p< 0.0001; p for trend <0.001. G) Protein expression of c-PARP in HCT116 cells, * vs. †, 
p< 0.0001; p for trend <0.001. H) Protein expression of c-PARP in SW620 cells, * vs. †, p< 0.0001; p for trend <0.001. I) Protein expression of γ-H2AX in HCR 116 cells, * vs. 
†, p< 0.0001; p for trend <0.001. J) Protein expression of γ-H2AX in SW620 cells, * vs. †, p< 0.0001; p for trend <0.001. n=6 for each group. CIK = cytokine-induced killer; CRC 
= colorectal cancer.  

 

Effect of probiotics and CIK cells on the 
expression of PD-L1 and FAK in liver tumors 
by Day 28 after tumor induction 

To assess the effect of probiotics and CIK cells on 
suppressing the levels of PD-L1 and FAK in liver 
tumors, IHC staining was utilized. The results 
revealed that the expression levels of PD-L1 and FAK 
in tumor and liver tissues were lowest in Group 1, 
highest in Group 2 and significantly lower in Group 5 
than in Groups 3 and 4, but they did not differ 
between Groups 3 and 4 (Fig. 6 A1-D6). 

Liver necrosis area and expression of DNA 
damage biomarkers by Day 28 after tumor 
induction 

H&E staining revealed that the liver necrosis 
area was lowest in Group 1, highest in Group 2, and 
significantly lower in Group 5 than in Groups 3 and 4, 

but this parameter was similar between these latter 
two groups (Fig. 7 A-F). Additionally, the IF staining 
microscopic findings demonstrated that the 
expression of γ-H2AX, an indicator of DNA damage, 
displayed an identical pattern to that of liver necrosis 
among the groups (Fig. 7 G-L). 

Effect of probiotics and CIK cells on regulating 
the protein expression of apoptosis and DNA 
damage biomarkers, PD-L1, and FAK in liver 
tumors by Day 28 after CRC tumor induction 

The protein expression of Bax, cleaved caspase 3 
and cleaved PARP, three indices of apoptosis, and of 
γ-H2AX, an indicator of DNA damage, significantly 
and progressively increased from Groups 1 to 5 (Fig. 8 
A-E). On the other hand, the protein expression levels 
of PD-L1 and FAK were lowest in Group 1 and 
significantly and progressively decreased from 
Groups 2 to 5 (Fig. 8 F-G). 
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Figure 5. Time courses of bioluminescence single of CRC in liver and abdomen, and anatomical and pathological features of tumor. A1 to A5) Illustrating 
the day-28 IVIS finding for identification of bioluminescence signal intensity from implanted CRC cells (green fluorescence) in each group. B) Analytical result of bioluminescence 
signal intensity by day 14, ∗ vs. other groups with different symbols (†, ‡, §, ¶) p<0.0001. C) Analytical result of bioluminescence signal intensity by day 21, ∗ vs. other groups with 
different symbols (†, ‡, §, ¶) p<0.0001. D) Analytical result of bioluminescence signal intensity by day 28, ∗ vs. other groups with different symbols (†, ‡, §, ¶) p<0.0001. For A to 
D, n=8 for each group. E1 to F5) Illustrating the morphological features of liver and the different tumor sizes harvested from liver of different groups. F) Total tumor weight, 
∗ vs. other groups with different symbols (†, ‡, §) p<0.0001. G) Analytical result of total number of harvested tumors in each group, ∗ vs. other groups with different symbols (†, 
‡, §, ¶) p<0.0001. H) liver weight, ∗ vs. other groups with different symbols (†, ‡, §) p<0.0001. I) The ratio of liver weight to body weight, ∗ vs. other groups with different symbols 
(†, ‡) p<0.001. For E to I, n=17-20 for each group. J) Total amount of ascites by day 28, ∗ vs. other groups with different symbols (†, ‡, §) p<0.0001. n=8 for each group. All 
statistical analyses were performed by one-way ANOVA, followed by Bonferroni multiple comparison post hoc test. Symbols (*, †, ‡, §, ¶, α) indicate significance (at 0.05 level). 
group 1 = SC, group 2 = HCT 116 cells only, group 3 = HCT 116 cells + probiotics, group 4 = HCT 116 cells + CIK, group 5 = HCT 116 cells + probiotics + CIK. CIK = 
cytokine-induced killer; CRC = colorectal cancer.  
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Figure 6. Impact of probiotics and CIK on cellular expressions of PD-L1 and FAK in tumor and liver parenchyma by day 28 after CRC induction. A1 to A5) 
Illustrating the microscopic finding (400x) of immunohistochemical (IHC) stain for identification of cellular expression of PD-L1 (gray) in liver parenchyma. Scale bar in right lower 
corner represents 20µm. A6) Analytical result of percentage (%) of PD-L1+ cells in liver parenchyma, ∗ vs. other groups with different symbols (†, ‡, §) p<0.0001. B1 to B5) 
Illustrating the microscopic finding (800x) of IHC stain for identification of cellular expression of PD-L1 (gray) in liver tumor specimen. Scale bar in right lower corner represents 
25µm. B6) Analytical result of percentage (%) of PD-L1+ cells in liver tumor specimen, ∗ vs. other groups with different symbols (†, ‡, §) p<0.0001. C1 to C5) Illustrating the 
microscopic finding (320x) of IHC stain for identification of cellular expression of focal adhesion kinase (FAK) (gray) in liver parenchyma. Scale bar in right lower corner 
represents 50µm. C6) Analytical result of percentage (%) of FAK+ cells in liver tumor specimen, ∗ vs. other groups with different symbols (†, ‡, §) p<0.0001. D1 to D5) 
Illustrating the microscopic finding (200x) of IHC stain for identification of cellular expression of FAK (gray) in liver tumor specimen. Scale bar in right lower corner represents 
50µm. D6) Analytical result of percentage (%) of FAK+ cells in liver tumor specimen, ∗ vs. other groups with different symbols (†, ‡, §) p<0.0001. All statistical analyses were 
performed by one-way ANOVA, followed by Bonferroni multiple comparison post hoc test (n=6 for each group). Symbols (*, †, ‡, §) indicate significance (at 0.05 level). CIK = 
cytokine-induced killer; CRC = colorectal cancer.  
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Figure 7. Liver necrosis area and cellular expression of DNA damaged marker by day 28 after CRC induction. A to E) Showing the H.E. stain (200x) for 
identification of liver necrosis (yellow-dotted line). Scale bar in right lower corner represents 50µm. F) Analytical result of necrosis area of liver, ∗ vs. other groups with different 
symbols (†, ‡, §, ¶) p<0.0001. G to K) Illustrating the immunofluorescent microscopic finding (800x) for identification of cellular expression of γ-H2AX (red color), ∗ vs. other 
groups with different symbols (†, ‡, §) p<0.0001. Scale bar in right lower corner represents 25µm. L) Analytical result of number of γ-H2AX+ cells, ∗ vs. other groups with 
different symbols (†, ‡, §) p<0.0001. All statistical analyses were performed by one-way ANOVA, followed by Bonferroni multiple comparison post hoc test (n=6 for each group). 
Symbols (*, †, ‡, §) indicate significance (at 0.05 level). CRC = colorectal cancer.  

 

Effect of probiotics and CIK cells on regulating 
cell survival and proliferation signaling in liver 
tumors by Day 28 after CRC tumor induction 

The protein expression levels of p-JAK and 
p-STAT1, i.e., components of the JAK-STAT1 signal 
transduction pathway, which plays an essential role 
in cell survival, proliferation and tumor formation, 
were lowest in Group 1 and significantly and 

progressively decreased from Groups 2 to 5 (Fig. 9 
A-B). Additionally, the protein expression levels of 
p-PI3K, p-Akt and p-mTOR, three indices of cell 
stress/cell survival signaling biomarkers, exhibited 
identical patterns to that of the JAK-STAT1 signaling 
pathway biomarkers among the groups (Fig. 9 C-E). 

Furthermore, the Ras/Raf/MEK/ERK signaling 
pathway plays crucial roles in the proliferation, 
survival and metastasis of CRC cells. Therefore, we 
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also measured the protein levels of these signaling 
parameters, and the results revealed that the protein 
expression levels of Ras, β-Raf, p-MEK1/2 and 
p-ERK1/2, four biomarkers of cell proliferation/ 
metastasis signaling, exhibited identical patterns to 
those of the JAK-STAT1 signaling pathway 
biomarkers among the groups (Fig. 9 F-I). In this way, 
our findings proved that these three types of cancer 
cell survival signaling pathways were activated in the 
liver parenchyma by Day 28 after CRC induction. 
Importantly, these signaling pathways were 
significantly suppressed by probiotics and CIK cells 
and further suppressed by the combined probiotics 
and CIK cell treatment. 

Discussion 
This study, which included in vitro and in vivo 

investigations, provided several promising preclinical 
implications. First, the in vitro study demonstrated 

that the combination of probiotics and a high dose of 
CIK cells was superior to treatment with either one 
alone in suppressing CRC cell viability, colony 
formation, proliferation, metastasis, and biological 
activity. Second, probiotics and CIK cells had 
comparable activities in attenuating biomarkers of 
CRC adaptive immune resistance and signaling 
pathways for mediating biological and survival 
functions of CRC cells. Third, the in vivo experiments 
revealed that CRC activity and metastasis capacity 
were markedly suppressed by probiotics or CIK cell 
therapy and further suppressed by the combination of 
these two therapeutic regimens. Finally, CRC survival 
and proliferation signals were substantially inhibited 
by probiotics or CIK cell therapy and were further 
inhibited by the combination of these two therapeutic 
regimens, resulting in increased CRC cell apoptosis 
and death. 

 

 
Figure 8. Impact of probiotics and CIK on regulating the protein expressions of apoptosis and DNA-damaged, PD-L1 and FAK biomarkers in liver organ 
by day 28 after CRC tumor induction. A) Protein expression of mitochondrial Bax (mit-Bax), ∗ vs. other groups with different symbols (†, ‡, §, ¶) p<0.0001. B) Protein 
expression of cleaved caspase 3 (c-Casp3), ∗ vs. other groups with different symbols (†, ‡, §, ¶) p<0.0001. C) Protein expression of cleaved PARP (c-PARP), ∗ vs. other groups 
with different symbols (†, ‡, §, ¶) p<0.0001. D) Protein expression of γ-H2AX, ∗ vs. other groups with different symbols (†, ‡, §, ¶) p<0.0001. E) Protein expression of interferon 
gamma (IFN-γ), ∗ vs. other groups with different symbols (†, ‡, §) p<0.0001. F) Protein expression of programmed death-ligand 1 (PD-L1), ∗ vs. other groups with different 
symbols (†, ‡, §, ¶) p<0.0001. G) Protein expression of focal adhesion kinase (FAK), ∗ vs. other groups with different symbols (†, ‡, §) p<0.0001. n=6 for each group. All statistical 
analyses were performed by one-way ANOVA, followed by Bonferroni multiple comparison post hoc test (n=6 for each group). Symbols (*, †, ‡, §, ¶) indicate significance (at 0.05 
level). CIK = cytokine-induced killer; CRC = colorectal cancer.  
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Figure 9. Impact of probiotics and CIK on the regulating the cell survival and proliferation signalings in liver tumor tissue by day 28 after CRC tumor 
induction. A) Protein expression of phosphorylated (p)-JAK2, ∗ vs. other groups with different symbols (†, ‡, §, ¶) p<0.0001. B) Protein expression of p-STAT3, ∗ vs. other 
groups with different symbols (†, ‡, §) p<0.0001. C) Protein expression of p-PI3K, ∗ vs. other groups with different symbols (†, ‡, §, ¶) p<0.0001. D) Protein expression of p-Akt, 
∗ vs. other groups with different symbols (†, ‡, §) p<0.0001. E) Protein expression of p-mTOR, ∗ vs. other groups with different symbols (†, ‡, §, ¶) p<0.0001. F) Protein 
expression of Ras, ∗ vs. other groups with different symbols (†, ‡, §, ¶) p<0.0001. G) Protein expression of β-Raf, ∗ vs. other groups with different symbols (†, ‡, §, ¶) p<0.0001. 
H) Protein expression of p-MEK1/2, ∗ vs. other groups with different symbols (†, ‡, §) p<0.0001. I) Protein expression of p-ERK1/2, ∗ vs. other groups with different symbols (†, 
‡, §, ¶) p<0.0001. n = 6 for each group. CIK = cytokine-induced killer; CRC = colorectal cancer.  

 
CRC metastasis is still an essential cause of 

highly unacceptable cancer-related mortality with a 
very uncommon long-term survival rate, indicating 
that the treatment of advanced CRC remains a 
formidable challenge for physicians, which 
encourages the development of a sufficiently 
innovative strategic management for patients with 
advanced CRC. Interestingly, increasing evidence [53, 
54] has shown that probiotics play pivotal roles in 
preventing and inhibiting CRC through several 

possible mechanisms [53], including (1) changes in the 
intestinal microflora, (2) the suppression of 
carcinogenic compounds, (3) competition with 
pathogenic and putrefying microbiota, (4) the 
upregulation of the host immune response, (5) the 
inhibition of the differentiation and proliferative 
activity of cancer cells through the regulation of 
apoptosis, and (6) the inhibition of tyrosine kinase 
signaling pathways. Additionally, many previous 
investigations have shown that the transfusion of ex 
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vivo expanded CIK cells effectively eliminates cancer 
cells [17-20]. An essential finding of the present in 
vitro study was that the cell viability, growth, 
proliferation, and migration and invasive abilities of 
CRC cell lines (i.e., HCT 116 and SW620) were 
markedly suppressed by probiotics or CIK cells, 
which were also found to significantly and 
progressively suppress these abovementioned 
parameters in an increased dose-dependent manner. 
Importantly, the combination of probiotics and CIK 
cells offered greater benefits in suppressing the 
aforementioned parameters in CRC cell lines. 

Furthermore, in vitro studies revealed that these 
different regimens applied to CRC cell lines 
effectively augmented cellular apoptosis and 
mitochondrial damage, resulting in CRC death. In this 
way, the results of our in vitro studies, in addition to 
being consistent with the findings of previous studies 
[17-20, 26, 53], strengthened the merit of the 
innovative approach of combined probiotics and CIK 
cell therapy for CRC and therefore encouraged our 
team to conduct an animal model study to test the 
effect of this combined regimen on suppressing the 
abdominal and liver metastasis of CRC cells. 

 

 
Figure 10. Schematically illustrated the underlying mechanism of probiotics-CIK therapy on suppressing the pathological and biologic activities of CRC. 
CIK = cytokine-induced killer; CRC = colorectal cancer. 
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One of the important findings of the in vivo study 
was that by the end of the study period, the IVIS 
demonstrated that, compared with that in CRC 
without treatment, the bioluminescence signal, an 
indicator of tumor growth, was markedly reduced in 
animals with CRC by probiotics or CIK cells and 
further markedly reduced by the combined probiotics 
+ CIK cell treatment. Additionally, the total number of 
harvested tumors, the tumor weights and amounts of 
ascites were markedly greater in animals with CRC 
without treatment, but these parameters were notably 
reduced in animals with CRC treated with probiotics 
or CIK cells and were further reduced with the 
combined probiotics + CIK cell regimens. 
Intriguingly, some clinical trials have shown that CIK 
cells combined with chemotherapy offer promising 
benefits compared with chemotherapy alone in 
patients with advanced lung cancer [22-26]. In this 
way, the promising results of our in vivo study, in 
addition to strengthening the findings from previous 
studies [22-26], highlight that this combined regimen 
may be innovative for patients with advanced CRC, 
especially those refractories to conventional therapy. 

The PD-L1 gene plays a fundamental role in 
cancer cell immune escape (i.e., adaptive immune 
resistance), and FAK plays an essential role in 
transmitting signals related to tumor cell 
proliferation, migration, adhesion and survival. 
Interestingly, our previous study revealed that FAK 
could also inhibit the ability of CIK cells to kill breast 
cancer cells [46, 47]. A principal finding in the present 
study was that the protein levels of PD-L1 and FAK in 
harvested liver tumors were substantially suppressed 
by probiotics or CIK cells and further substantially 
suppressed by a combined probiotic and CIK cell 
treatment. On the other hand, the protein levels of 
apoptosis and DNA damage biomarkers were 
substantially increased in harvested liver tumors 
subjected to probiotic or CIK cell treatments and 
further increased in those subjected to combined 
therapy with probiotics and CIK cells. Accordingly, 
our findings, in addition to supporting the findings of 
our previous study, could, at least in part, explain 
why tumor eradication significantly and 
progressively increased, in order, by treatments with 
probiotics, CIK cells, and the combination of these 
two regimens. 

JAK-STAT1, PI3K/Akt/mTOR and Ras/Raf/ 
MEK/ERK, which are three cardinal signaling 
pathways, play similar crucial biological roles in cell 
survival, proliferation and tumor formation, growth 
and metastasis. Accordingly, it is necessary to 
investigate which signaling pathway plays a 
fundamental role in CRC growth, metastasis and 
survival. Thus, these three signaling pathways were 

thoroughly investigated. Surprisingly, we discovered 
that these three signaling pathways were significantly 
upregulated in CRC. However, these three signaling 
pathways were significantly suppressed by probiotics 
or CIK cells and further significantly suppressed by 
the combined therapy of probiotics + CIK cells. 
Accordingly, this in vivo study verified that these 
three signaling pathways together participate in CRC 
growth, proliferation, metastasis and survival. A 
distinctive finding was that these three signaling 
pathways were significantly suppressed by probiotics 
or CIK cell treatment and further significantly 
suppressed by the combination of probiotics and CIK 
cells. In this way, the results of the present in vivo 
study highlighted that perhaps combined regimens 
with probiotics + CIK cells could be an innovative 
therapy for patients with advanced CRC, especially 
those who are refractory to conventional therapy. 

Study limitations 
Our in vivo study had several limitations. First, 

although the results were attractive and promising, 
the study period of 28 days was relatively short. Thus, 
the long-term outcome of the combined therapy with 
these two agents for CRC is still uncertain. Second, 
although extensive work was performed a total of 
three signaling pathways were studied, this study did 
not determine how many signaling pathways 
participate in CRC growth, proliferation, invasion and 
metastasis. On the basis of our in vitro and in vivo 
studies, we illustrate the underlying mechanism by 
which probiotic-CIK cell therapy suppresses the 
pathological and biological activities of CRC in Figure 
10. Third, a fly in the ointment was that the in vitro 
study did not conduct the Western blot analysis for 
identification of cytosolic and mitochondrial 
cytochrome C levels because only immunofluorescent 
stain for identification of the lower expression of 
cytochrome C in mitochondria was not sufficient 
evidence of impaired mitochondrial integrity.  

Conclusions 
In conclusion, the present study demonstrated 

that the implantation of CRC cells into the peritoneum 
of nude mice induced the dissemination of these CRC 
cells into the peritoneal cavity and their metastasis 
into liver, resulting in peritoneal carcinomatosis. 
Biomarkers of three fundamental cancer cell 
proliferation and survival signaling pathways and 
cancer cell immune escape/metastasis were shown to 
be upregulated in liver metastatic tumors. 
Probiotic-CIK cell therapy significantly suppressed 
these molecular–cellular perturbations, peritoneal 
carcinomatosis, and tumor growth. 



Int. J. Biol. Sci. 2024, Vol. 20 
 

 
https://www.ijbs.com 

6179 

Abbreviations 
CRC: colorectal cancer; CIK cells: cytokine- 

induced killer cells; IFN-γ: interferon-γ; IL-2: 
interleukin-2; PBMCs: peripheral blood mononuclear 
cells; FAK: focal adhesion kinase; PD-L1: 
programmed death-ligand 1. 

Acknowledgments 
This study was supported by the following 

grants: (1) CMRPG8M0961 from Chang Gung 
Memorial Hospital, Chang Gung University, Taiwan. 
(2) KMUH112-2R41 from Kaohsiung Medical 
University Hospital, Taiwan. (3) 112-2314-B-037-044 
and 113-2320-B-037-006 from the National Science and 
Technology Council, Taiwan. 

Author contributions 
Hong-Hwa Chen and Chi-Wen Luo: 

Investigation, Formal analysis, Writing – original 
draft. Yi-Ling Chen: Formal analysis, Data curation. 
John Y. Chiang: Investigation, Formal analysis. 
Chi-Ruei Huang: Investigation, Data curation. Yi-Ting 
Wang: Investigation. Chih-Hung Chen: Resources. 
Hon-Kan Yip and Jun Guo: Conceptualization, 
Supervision, Writing – review & editing. 

Data availability 
Data will be made available on request. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1. Siegel RL, Miller KD, Wagle NS, Jemal A. Cancer statistics, 2023. CA Cancer J 

Clin. 2023; 73: 17-48. 
2. Sundling KE, Zhang R, Matkowskyj KA. Pathologic Features of Primary 

Colon, Rectal, and Anal Malignancies. Cancer Treat Res. 2016; 168: 309-30. 
3. Siegel R, Desantis C, Jemal A. Colorectal cancer statistics, 2014. CA Cancer J 

Clin. 2014; 64: 104-17. 
4. Hirasaki Y, Fukunaga M, Sugano M, Nagakari K, Yoshikawa S, Ouchi M. 

Short- and long-term results of laparoscopic surgery for transverse colon 
cancer. Surg Today. 2014; 44: 1266-72. 

5. Siani LM, Pulica C. Stage I-IIIC right colonic cancer treated with complete 
mesocolic excision and central vascular ligation: quality of surgical specimen 
and long term oncologic outcome according to the plane of surgery. Minerva 
Chir. 2014; 69: 199-208. 

6. Vatandoust S, Price TJ, Karapetis CS. Colorectal cancer: Metastases to a single 
organ. World J Gastroenterol. 2015; 21: 11767-76. 

7. Nadler A, McCart JA, Govindarajan A. Peritoneal Carcinomatosis from Colon 
Cancer: A Systematic Review of the Data for Cytoreduction and 
Intraperitoneal Chemotherapy. Clin Colon Rectal Surg. 2015; 28: 234-46. 

8. Carter BW, Halpenny DF, Ginsberg MS, Papadimitrakopoulou VA, de Groot 
PM. Immunotherapy in Non-Small Cell Lung Cancer Treatment: Current 
Status and the Role of Imaging. J Thorac Imaging. 2017; 32: 300-12. 

9. Vaira M, Cioppa T, D'Amico S, de Marco G, D'Alessandro M, Fiorentini G, et 
al. Treatment of peritoneal carcinomatosis from colonic cancer by 
cytoreduction, peritonectomy and hyperthermic intraperitoneal 
chemotherapy (HIPEC). Experience of ten years. In Vivo. 2010; 24: 79-84. 

10. Verwaal VJ, Bruin S, Boot H, van Slooten G, van Tinteren H. 8-year follow-up 
of randomized trial: cytoreduction and hyperthermic intraperitoneal 
chemotherapy versus systemic chemotherapy in patients with peritoneal 
carcinomatosis of colorectal cancer. Ann Surg Oncol. 2008; 15: 2426-32. 

11. Verwaal VJ, van Ruth S, de Bree E, van Sloothen GW, van Tinteren H, Boot H, 
et al. Randomized trial of cytoreduction and hyperthermic intraperitoneal 

chemotherapy versus systemic chemotherapy and palliative surgery in 
patients with peritoneal carcinomatosis of colorectal cancer. J Clin Oncol. 2003; 
21: 3737-43. 

12. Dal Bello MG, Alama A, Coco S, Vanni I, Grossi F. Understanding the 
checkpoint blockade in lung cancer immunotherapy. Drug Discov Today. 
2017; 22: 1266-73. 

13. Du L, Herbst RS, Morgensztern D. Immunotherapy in Lung Cancer. Hematol 
Oncol Clin North Am. 2017; 31: 131-41. 

14. Berghmans T, Meert AP. [Immunotherapy and non-small cell lung cancer : a 
(r)evolution]. Rev Med Brux. 2017; 38: 175-7. 

15. de Mello RA, Veloso AF, Esrom Catarina P, Nadine S, Antoniou G. Potential 
role of immunotherapy in advanced non-small-cell lung cancer. Onco Targets 
Ther. 2017; 10: 21-30. 

16. Introna M. CIK as therapeutic agents against tumors. J Autoimmun. 2017; 85: 
32-44. 

17. Durrieu L, Lemieux W, Dieng MM, Fontaine F, Duval M, Le Deist F, et al. 
Implication of different effector mechanisms by cord blood-derived and 
peripheral blood-derived cytokine-induced killer cells to kill precursor B acute 
lymphoblastic leukemia cell lines. Cytotherapy. 2014; 16: 845-56. 

18. Gammaitoni L, Giraudo L, Macagno M, Leuci V, Mesiano G, Rotolo R, et al. 
Cytokine-Induced Killer Cells Kill Chemo-surviving Melanoma Cancer Stem 
Cells. Clin Cancer Res. 2017; 23: 2277-88. 

19. Joshi PS, Liu JQ, Wang Y, Chang X, Richards J, Assarsson E, et al. 
Cytokine-induced killer T cells kill immature dendritic cells by 
TCR-independent and perforin-dependent mechanisms. J Leukoc Biol. 2006; 
80: 1345-53. 

20. Wei F, Rong XX, Xie RY, Jia LT, Wang HY, Qin YJ, et al. Cytokine-induced 
killer cells efficiently kill stem-like cancer cells of nasopharyngeal carcinoma 
via the NKG2D-ligands recognition. Oncotarget. 2015; 6: 35023-39. 

21. Schmidt-Wolf IG, Negrin RS, Kiem HP, Blume KG, Weissman IL. Use of a 
SCID mouse/human lymphoma model to evaluate cytokine-induced killer 
cells with potent antitumor cell activity. J Exp Med. 1991; 174: 139-49. 

22. Li DP, Li W, Feng J, Chen K, Tao M. Adjuvant chemotherapy with sequential 
cytokine-induced killer (CIK) cells in stage IB non-small cell lung cancer. 
Oncol Res. 2015; 22: 67-74. 

23. Luo H, Gong L, Zhu B, Huang Y, Tang C, Yu S, et al. Therapeutic outcomes of 
autologous CIK cells as a maintenance therapy in the treatment of lung cancer 
patients: A retrospective study. Biomed Pharmacother. 2016; 84: 987-93. 

24. Ahn MJ, Sun JM, Lee SH, Ahn JS, Park K. EGFR TKI combination with 
immunotherapy in non-small cell lung cancer. Expert Opin Drug Saf. 2017; 16: 
465-9. 

25. Chen D, Sha H, Hu T, Dong S, Zhang J, Liu S, et al. Cytokine-induced killer 
cells as a feasible adoptive immunotherapy for the treatment of lung cancer. 
Cell Death Dis. 2018; 9: 366. 

26. Zhang J, Zhu L, Du H, He X, Yin Y, Gu Y, et al. Autologous cytokine-induced 
killer cell therapy in lung cancer patients: a retrospective study. Biomed 
Pharmacother. 2015; 70: 248-52. 

27. Alander M, Satokari R, Korpela R, Saxelin M, Vilpponen-Salmela T, 
Mattila-Sandholm T, et al. Persistence of colonization of human colonic 
mucosa by a probiotic strain, Lactobacillus rhamnosus GG, after oral 
consumption. Appl Environ Microbiol. 1999; 65: 351-4. 

28. Nell S, Suerbaum S, Josenhans C. The impact of the microbiota on the 
pathogenesis of IBD: lessons from mouse infection models. Nat Rev Microbiol. 
2010; 8: 564-77. 

29. Rakoff-Nahoum S, Paglino J, Eslami-Varzaneh F, Edberg S, Medzhitov R. 
Recognition of commensal microflora by toll-like receptors is required for 
intestinal homeostasis. Cell. 2004; 118: 229-41. 

30. Ogbonnaya ES, Clarke G, Shanahan F, Dinan TG, Cryan JF, O'Leary OF. Adult 
Hippocampal Neurogenesis Is Regulated by the Microbiome. Biol Psychiatry. 
2015; 78: e7-9. 

31. Bajic JE, Johnston IN, Howarth GS, Hutchinson MR. From the Bottom-Up: 
Chemotherapy and Gut-Brain Axis Dysregulation. Front Behav Neurosci. 
2018; 12: 104. 

32. Mayer EA, Knight R, Mazmanian SK, Cryan JF, Tillisch K. Gut microbes and 
the brain: paradigm shift in neuroscience. J Neurosci. 2014; 34: 15490-6. 

33. Russo R, Cristiano C, Avagliano C, De Caro C, La Rana G, Raso GM, et al. 
Gut-brain Axis: Role of Lipids in the Regulation of Inflammation, Pain and 
CNS Diseases. Curr Med Chem. 2018; 25: 3930-52. 

34. Yano JM, Yu K, Donaldson GP, Shastri GG, Ann P, Ma L, et al. Indigenous 
bacteria from the gut microbiota regulate host serotonin biosynthesis. Cell. 
2015; 161: 264-76. 

35. Griffin NW, Ahern PP, Cheng J, Heath AC, Ilkayeva O, Newgard CB, et al. 
Prior Dietary Practices and Connections to a Human Gut Microbial 
Metacommunity Alter Responses to Diet Interventions. Cell Host Microbe. 
2017; 21: 84-96. 

36. Lee YK, Menezes JS, Umesaki Y, Mazmanian SK. Proinflammatory T-cell 
responses to gut microbiota promote experimental autoimmune 
encephalomyelitis. Proc Natl Acad Sci U S A. 2011; 108 Suppl 1: 4615-22. 

37. Stasi C, Sadalla S, Milani S. The Relationship Between the Serotonin 
Metabolism, Gut-Microbiota and the Gut-Brain Axis. Curr Drug Metab. 2019; 
20: 646-55. 

38. Smith PA. The tantalizing links between gut microbes and the brain. Nature. 
2015; 526: 312-4. 



Int. J. Biol. Sci. 2024, Vol. 20 
 

 
https://www.ijbs.com 

6180 

39. Pan HW, Du LT, Li W, Yang YM, Zhang Y, Wang CX. Biodiversity and 
richness shifts of mucosa-associated gut microbiota with progression of 
colorectal cancer. Res Microbiol. 2020; 171: 107-14. 

40. Sheng Q, Du H, Cheng X, Cheng X, Tang Y, Pan L, et al. Characteristics of fecal 
gut microbiota in patients with colorectal cancer at different stages and 
different sites. Oncol Lett. 2019; 18: 4834-44. 

41. Keku TO, Dulal S, Deveaux A, Jovov B, Han X. The gastrointestinal microbiota 
and colorectal cancer. Am J Physiol Gastrointest Liver Physiol. 2015; 308: 
G351-63. 

42. Gagnière J, Raisch J, Veziant J, Barnich N, Bonnet R, Buc E, et al. Gut 
microbiota imbalance and colorectal cancer. World J Gastroenterol. 2016; 22: 
501-18. 

43. Koliarakis I, Psaroulaki A, Nikolouzakis TK, Kokkinakis M, Sgantzos MN, 
Goulielmos G, et al. Intestinal microbiota and colorectal cancer: a new aspect 
of research. J buon. 2018; 23: 1216-34. 

44. Gao Z, Guo B, Gao R, Zhu Q, Qin H. Microbiota disbiosis is associated with 
colorectal cancer. Front Microbiol. 2015; 6: 20. 

45. Mandal P. Molecular mechanistic pathway of colorectal carcinogenesis 
associated with intestinal microbiota. Anaerobe. 2018; 49: 63-70. 

46. Pan MR, Wu CC, Kan JY, Li QL, Chang SJ, Wu CC, et al. Impact of FAK 
Expression on the Cytotoxic Effects of CIK Therapy in Triple-Negative Breast 
Cancer. Cancers (Basel). 2019; 12: 94. 

47. Wu CC, Pan MR, Shih SL, Shiau JP, Wu CC, Chang SJ, et al. Combination of 
FAK inhibitor and cytokine-induced killer cell therapy: An alternative 
therapeutic strategy for patients with triple-negative breast cancer. Biomed 
Pharmacother. 2023; 163: 114732. 

48. Shang F, Jiang X, Wang H, Chen S, Wang X, Liu Y, et al. The inhibitory effects 
of probiotics on colon cancer cells: in vitro and in vivo studies. J Gastrointest 
Oncol. 2020; 11: 1224-32. 

49. Kim R, Wang Y, Sims CE, Allbritton NL. A Platform for Co-Culture of Primary 
Human Colonic Epithelium With Anaerobic Probiotic Bacteria. Front Bioeng 
Biotechnol. 2022; 10: 890396. 

50. Khodaii Z, Ghaderian SMH, Natanzi MM. Probiotic Bacteria and their 
Supernatants Protect Enterocyte Cell Lines from Enteroinvasive Escherichia 
coli (EIEC) Invasion. Int J Mol Cell Med. 2017; 6: 183-9. 

51. Chen KH, Lin HS, Li YC, Sung PH, Chen YL, Yin TC, et al. Synergic Effect of 
Early Administration of Probiotics and Adipose-Derived Mesenchymal Stem 
Cells on Alleviating Inflammation-Induced Chronic Neuropathic Pain in 
Rodents. Int J Mol Sci. 2022; 23: 11974. 

52. Chen YT, Huang CR, Chang CL, Chiang JY, Luo CW, Chen HH, et al. Jagged2 
progressively increased expression from Stage I to III of Bladder Cancer and 
Melatonin-mediated downregulation of Notch/Jagged2 suppresses the 
Bladder Tumorigenesis via inhibiting PI3K/AKT/mTOR/MMPs signaling. 
Int J Biol Sci. 2020; 16: 2648-62. 

53. Uccello M, Malaguarnera G, Basile F, D'Agata V, Malaguarnera M, Bertino G, 
et al. Potential role of probiotics on colorectal cancer prevention. BMC Surg. 
2012; 12 Suppl 1: S35. 

54. Deng X, Yang J, Zhang Y, Chen X, Wang C, Suo H, et al. An Update on the 
Pivotal Roles of Probiotics, Their Components, and Metabolites in Preventing 
Colon Cancer. Foods. 2023; 12: 3706. 

 


