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Abstract

Based on the relationship between the gut microbiota and colorectal cancer, we developed

a new probiotic powder for treatment of colorectal cancer. Initially, we evaluated the effect of

the probiotic powder on CRC using hematoxylin and eosin staining, and evaluated mouse

survival rate and tumor size. We then investigated the effects of the probiotic powder on the

gut microbiota, immune cells, and apoptotic proteins using 16S rDNA sequencing, flow

cytometry, and western blot, respectively. The results showed that the probiotic powder

improved the intestinal barrier integrity, survival rate, and reduced tumor size in CRC mice.

This effect was associated with changes in the gut microbiota. Specifically, the probiotic

powder increased the abundance of Bifidobacterium animalis and reduced the abundance

of Clostridium cocleatum. In addition, the probiotic powder resulted in decreased numbers

of CD4+ Foxp3+ Treg cells, increased numbers of IFN-γ+ CD8+ T cells and CD4+ IL-4+ Th2

cells, decreased expression of the TIGIT in CD4+ IL-4+ Th2 cells, and increased numbers of

CD19+ GL-7+ B cells. Furthermore, the expression of the pro-apoptotic protein BAX was sig-

nificantly increased in tumor tissues in response to the probiotic powder. In summary, the

probiotic powder ameliorated CRC by regulating the gut microbiota, reducing Treg cell abun-

dance, promoting the number of IFN-γ+ CD8+ T cells, increasing Th2 cell abundance, inhibit-

ing the expression of TIGIT in Th2 cells, and increasing B cell abundance in the immune

microenvironment of CRC, thereby increasing the expression of BAX in CRC.

PLOS ONE

PLOS ONE | https://doi.org/10.1371/journal.pone.0277155 March 13, 2023 1 / 15

a1111111111

a1111111111

a1111111111

a1111111111

a1111111111

OPEN ACCESS

Citation: Yang X, Cao Q, Ma B, Xia Y, Liu M, Tian J,

et al. (2023) Probiotic powder ameliorates

colorectal cancer by regulating Bifidobacterium

animalis, Clostridium cocleatum, and immune cell

composition. PLoS ONE 18(3): e0277155. https://

doi.org/10.1371/journal.pone.0277155

Editor: Hiroyasu Nakano, Toho University Graduate

School of Medicine, JAPAN

Received: April 23, 2022

Accepted: October 20, 2022

Published: March 13, 2023

Peer Review History: PLOS recognizes the

benefits of transparency in the peer review

process; therefore, we enable the publication of

all of the content of peer review and author

responses alongside final, published articles. The

editorial history of this article is available here:

https://doi.org/10.1371/journal.pone.0277155

Copyright: © 2023 Yang et al. This is an open

access article distributed under the terms of the

Creative Commons Attribution License, which

permits unrestricted use, distribution, and

reproduction in any medium, provided the original

author and source are credited.

Data Availability Statement: All relevant data are

within the paper and its Supporting Information

files.

https://orcid.org/0000-0003-1651-5757
https://doi.org/10.1371/journal.pone.0277155
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0277155&domain=pdf&date_stamp=2023-03-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0277155&domain=pdf&date_stamp=2023-03-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0277155&domain=pdf&date_stamp=2023-03-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0277155&domain=pdf&date_stamp=2023-03-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0277155&domain=pdf&date_stamp=2023-03-13
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0277155&domain=pdf&date_stamp=2023-03-13
https://doi.org/10.1371/journal.pone.0277155
https://doi.org/10.1371/journal.pone.0277155
https://doi.org/10.1371/journal.pone.0277155
http://creativecommons.org/licenses/by/4.0/


Introduction

Colorectal cancer (CRC) is a leading cause of cancer-related mortality [1]. Despite consider-

able developments such as advanced surgical procedures and chemotherapeutic drugs, CRC

remains a leading causes of cancer-related death [2]. Therefore, prevention and treatment of

CRC remains a challenge.

Recent studies have focused on the impact of the gut microbiota in CRC [3]. Studies have

shown that gut microbiota imbalances are closely related to the occurrence of CRC. Specifi-

cally, increases in Bacteroides, Fusobacterium, and Campylobacter, and decreases in beneficial

bacteria (e.g, Bifidobacterium and Lactobacillus) have been observed in patients with CRC [4].

Therefore, regulation of the gut microbiota may play an important role in achieving CRC

remission.

Studies have shown that probiotic-based preparations can prevent gut microbiota disor-

ders, and probiotics can be used as an effective therapy against CRC [5]. We previously showed

that decreased abundance of lactic acid bacteria was closely related to CRC. Lactic acid bacteria

are the most common types of microbes used as probiotics, and can induce CRC remission

through modulation of the gut microbiota composition [6]. Bifidobacterium and Lactobacillus
are the most commonly used lactic acid bacteria. In addition, prebiotics (e.g., stachyose, iso-

malto-oligosaccharide, and the newly discovered Lycium barbarum polysaccharide) can pro-

mote growth of beneficial bacteria, resulting in augmentation of the effects of probiotics [7].

We developed a new formula of probiotic powder to improve understanding of, and treatment

strategies for, CRC

A growing body of evidence indicates that the gut microbiota is critical to intestinal immu-

nity, and plays an important role in activation of T cells and B cells [8]. We evaluated whether

regulation of the gut microbiota using probiotics could alter the immune microenvironment

in CRC mice. To better understand changes in the immune microenvironment, we evaluated

changes in the immune cell inhibitory receptor, T-cell immunoreceptor with immunoglobulin

and tyrosine–based inhibitory motif domain (TIGIT). T-cell immunoreceptor with immuno-

globulin and tyrosine–based inhibitory motif domain belongs to the family of poliovirus

receptors (PVRs) that competes with CD226, which is the co-stimulatory receptor of T cells

and NK cells, by binding to CD112 and CD155 (PVR) expressed on antigen-presenting cells

(APCs) and tumor cells. A previous study reported that patients with CRC had relatively

higher expression of TIGIT in T cells [9]. We investigated the effects of a probiotic powder on

B cells, T cells, and TIGIT through regulation of the gut microbiota.

Materials and methods

Materials

Azoxymethane (CAS No.:25843-45-2, molecular weight: 74.08) and dextran sulfate sodium

salt (CAS No.:9011-18-1, molecular weight: ~40,000) were purchased from Sigma Aldrich

(Shanghai) Trading Co., Ltd (Shanghai, China). Bifidobacterium adolescence powder

(5.0×1010 CFU/g) and Lactobacillus plantarum powder (3.0×1011 CFU/g) were purchased

from Jiangsu Wecare Biotechnology Co., Ltd. (Jiangsu, China). Stachyose, isomalto-oligosac-

charide, and maltodextrin were purchased from Shanghai Yuanye Bio-Technology Co., Ltd.

(Shanghai, China). Lycium barbarum polysaccharides were purchased from Bairuiyuan Gouqi

Co., Ltd. (Yinchuan, China). Specific-pathogen-free (SPF)-grade AIN-93G feed was purchased

from XiaoShu YouTai Biotechnology Co., Ltd. (Beijing, China).
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Preparation of probiotic powder

Table 1 shows the composition of the probiotic powder. All ingredients of the probiotic pow-

der were food-grade materials. According to the corresponding proportions, the ingredients

were fully mixed in a three-dimensional mixer, and the mixed probiotic powder was stored at

-20˚C. Prior to use, the powder was fully dissolved in physiological saline.

Mice

Specific pathogen-free C57BL/6J male mice (age: 6 weeks; weight: 18–22 g) were purchased

from Beijing HuaFukang Biotechnology Co., Ltd. (Beijing, China). All mice were housed in an

SPF animal facility in the Ningxia Medical University Laboratory Animal center at an ambient

temperature of approximately 22˚C under a 12 hour light-dark cycle. The mice were allowed

free access to food and water. Animal experiments were performed in compliance with the

Guide for the Care and Use of Laboratory Animals and approved by the Ethics Committee of

Ningxia Medical University (Yinchuan, China, approval number: IACUC-NYLAC-2019-023).

Following the experiments, the mice were sacrificed by cervical vertebra dislocation. This

study was performed according to the international, national, and institutional rules for animal

experiments, clinical studies, and biodiversity rights.

Feed

C57BL/6J mice were divided into three groups with 18 mice in each group as follows: normal

mouse control group (NC); CRC mouse control group (RC); and CRC mouse probiotic pow-

der intervention group (CP). The mouse CRC model was induced using the azoxymethane/

dextran sulfate sodium salt (AOM/DSS) method, as shown in the figure below. All mice were

fed SPF-grade AIN-93G feed. Mice in the CP group received the probiotic solution through

intragastric administration. The preparation administered to each mouse consisted of 0.3 mL

of physiological saline containing 6.6 mg of probiotic powder, once daily (Fig 1).

Hematoxylin and eosin staining

Colorectal tissue was collected, fixed in 4% neutral-buffered paraformaldehyde, embedded in

paraffin, and processed for histological analysis. Tissues sections were subjected to hematoxy-

lin and eosin staining, and tissue changes were observed under a microscope.

Isolation of mononuclear cells

Spleens were removed and homogenized in 2 mL of phosphate-buffered saline (PBS). The

homogenates were filtered through a 300-mesh filter, and rinsed with 2 mL of PBS to obtain a

Table 1. Composition of the probiotic powder.

Name Content (/g)

Lactobacillus plantarum powder 18%-24%

Bifidobacterium adolescence powder 18%-24%

Stachyose 20%-23%

Lycium barbarum polysaccharides 10%-16%

Isomalto-oligosaccharide 2%-5%

Maltodextrin Margina

a The margin is equal to 100% minus the content of the other ingredients.

https://doi.org/10.1371/journal.pone.0277155.t001
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single-cell suspension. Mouse lymphocyte separation solution (2 mL) was added, and the mix-

ture was centrifuged for 20 min at 4˚C at 2,000 rpm. Lymphocytes were collected, PBS was

added, and the mixture was centrifuged to obtain mononuclear cells.

Flow cytometry

A BD FACSCelestaTM flow cytometer was used to detect cells. The antibodies used in the

experiments included AF488-conjugated anti-CD4 antibody (BD Biosciences), FITC-conju-

gated anti-CD19 antibody (BD Biosciences), BV510-conjugated anti-CXCR3 antibody (BD

Biosciences) and phycoerythrin-conjugated anti-TIGIT antibody (BD Biosciences),

PE-CF594-conjugated anti-CD8 antibody (BD Biosciences). These were surface antibodies,

and were detected after staining in the dark for 30 min. Phycoerythrin-conjugated anti-fork-

head box P3 (anti-Foxp3) antibody (BD Biosciences), BV421-conjugated anti-interleukin 4

(anti-IL-4) antibody (BD Biosciences), PerCP-Cy™5.5 -conjugated RoRrt antibody (BD Biosci-

ences), APC-Cy7-conjugated anti-IFN-γ antibody (BD Biosciences) and AF647-conjugated

anti-GL-7 antibody (BD Biosciences) are intracellular antibodies, and the cell membrane

needed to be disrupted for 40 min prior to staining.

Fecal collection

A warm and damp cotton swab was used to stimulate the anuses of the mice. The collected

feces were placed into a sterile cryotube and immediately submerged in liquid nitrogen. The

following day, the feces were transferred to a -80˚C freezer for storage.

16S rDNA sequencing

Sequencing of the gut microbiota was performed by NovoGene Company (China, Beijing),

and the data were analyzed using the NovoMagic platform. The steps included the following

[10–12]:

Extraction of genomic DNA

Total genomic DNA from samples was extracted using the CTAB/SDS method. The DNA con-

centration and purity were evaluated using 1% agarose gels. 16S rRNA/18SrRNA/ITS genes of

distinct regions were amplified using specific primers with barcodes. All PCR reactions were

performed using 15 μL of Phusion1High-Fidelity PCR Master Mix (New England Biolabs)

containing 0.2 μM forward and reverse primers, and about 10 ng of template DNA. Thermal

cycling consisted of initial denaturation at 98˚C for 1 min, followed by 30 cycles of denatur-

ation at 98˚C for 10 s, annealing at 50˚C for 30 s, elongation at 72˚C for 30 s, and a hold at

72˚C for 5 min.

Fig 1. The mouse CRC model was induced using the azoxymethane/dextran sulfate sodium salt method.

https://doi.org/10.1371/journal.pone.0277155.g001

PLOS ONE Probiotic powder ameliorated colorectal cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0277155 March 13, 2023 4 / 15

https://doi.org/10.1371/journal.pone.0277155.g001
https://doi.org/10.1371/journal.pone.0277155


PCR products quantification and qualification

Equal volumes of 1X loading buffer (containing SYBR green) and PCR products were mixed

and separated using a 2% agarose gel. The PCR products was mixed in equal densities, then

purified using a Qiagen Gel Extraction Kit (Qiagen, Germany).

Library preparation and sequencing

Sequencing libraries were generated using TruSeq1DNA PCR-Free Sample Preparation Kit

(Illumina, USA) following manufacturer’s instructions, and index codes were added. Library

quality was assessed using a Qubit@ 2.0 Fluorometer (Thermo Scientific) and Agilent Bioana-

lyzer 2100 system. The library was sequenced on an Illumina NovaSeq platform and 250 bp

paired-end reads were generated.

Western blot analysis

A protein extraction kit (KeyGen Biotech Co. Ltd., Nanjing, China) was used to extract protein

from tumor tissue, and the protein concentration was determined using a BCA protein quanti-

tation kit (KeyGen Biotech Co. Ltd., Nanjing, China). Thirty micrograms of protein were sepa-

rated by 10% SDS PAGE, then transferred to PVDF membranes (Millipore, USA). After

blocking with 5 percent skim milk, the membranes were incubated with antibodies against

GAPDH (1:2,000 cat. no.TA-08; BIOSS, Beijing, China), BAX (1:1,000 cat. no.60267-1-Ig pro-

teintech), and Bcl-2 (1:1,500 cat. no.26593-1-AP proteintech) antibodies at 4˚C overnight.

Then, the membranes were incubated with goat anti-mouse or rabbit IgG horseradish peroxi-

dase (HRP)-conjugated secondary antibodies (1:5,000; cat. nos. A21010 and A21020; Abbkine

Scientific Co., Ltd.) for 1 h at room temperature, and signals were detected by ECL chemilumi-

nescence and measured using ImageJ software.

Statistical analysis

Continuous variables are expressed as the median and the range. Statistical comparisons were

performed using analysis of variance. Data are expressed as the mean ± standard deviation. A

two-sided P-value <0.05 denoted statistically significant differences.

Results

Effects of the probiotic powder

We evaluated intestinal tissue, tumor size, and survival of mice following intervention with the

probiotic powder to assess whether this treatment could ameliorate CRC. In mouse colorectal

tissue obtained from the NC group, we observed intact finger-like elongated structures and

compact, neatly arrayed epithelium. However, CRC caused severe breakage and incomplete

tissue, accompanied by a decrease in goblet cells. Interestingly, compared with the RC group,

which exhibited more inflammatory necrosis and crypt abscess, the CP group had more goblet

cells, inflammatory cell infiltration, and a relatively complete tissue structure (Fig 2A–2C). In

addition, compared with the RC group, the survival rate of mice in the CP group was signifi-

cantly improved and the tumor volume was decreased (Fig 2D–2E). Tumor formation rates,

tumor size, and time to death are shown in Tables 2 and 3. Our data showed that treatment

with the probiotic powder ameliorated CRC.
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Probiotic powder improved gut microbiota dysbiosis in CRC

Studies have shown that the gut microbiota is closely associated with colorectal cancer. There-

fore, we investigated whether the effect of the probiotic powder on CRC was related to changes

in the gut microbiota [13]. First, we analyzed the effect of the probiotic powder on the compo-

sition of the gut microbiota. The results of the principal coordinates analysis (PCoA) showed

that there were significant differences between the three groups. However, extension of the

intervention time reduced the difference between the CP and NC groups (Fig 3A). The Venn

diagrams in Fig 3B show that the common and unique operational taxonomic units among the

NC, RC, and CP groups differed at different time points. At any given time point, there were

more operational taxonomic units in common between the NC and CP groups than between

the NC and RC groups (Fig 3B). These results showed that the gut microbiota was imbalanced

Fig 2. Effect of the probiotic powder on colorectal cancer. (A, B, C) Hematoxylin and eosin (HE) staining of the NC, RC, and CP groups,

respectively (×400). Mouse colorectal tissue was obtained at the 13th week, and the histological changes of mouse colorectal tissues were

analyzed using HE. The arrows represent important tissue damage. The red arrow represents normal goblet cells, the green arrow represents

crypt abscess, the blue arrow represents inflammatory necrosis, and the black arrow represents inflammatory cell infiltration. (D) Survival

rate of mice. The death of mice was recorded every day from initiation of the mouse model, and survival curves were generated through the

90th day. (E) Tumor volume of mice. The minimum and maximum diameters of tumors on each colorectal tissue sample were measured

using Vernier calipers, and the volume of each tumor and the average tumor volume of each mouse were calculated. The tumor volume was

0.5 × the minimum diameter of the tumor × the square of the maximum diameter of the tumor. One way analysis of variance (ANOVA),
�p< 0.05.

https://doi.org/10.1371/journal.pone.0277155.g002

Table 2. The occurrence of tumors in mice.

Group Tumor formation rate Average tumor volume(mm3)a

Mice 1 Mice 2 Mice 3 Mice 4 Mice 5

RC 100% 81.39 66.06 208.73

CP 100% 29.23 43.23 24.12 32.49 28.43

a Average tumor volume: The average tumor volume is the average of all tumor volumes in each mouse, and the tumor volume is 0.5 × the minimum diameter of the

tumor × the square of the maximum diameter of the tumor.

https://doi.org/10.1371/journal.pone.0277155.t002
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in CRC, and administration of probiotic powder could improve gut microbiota dysbiosis in

CRC.

Key bacteria affected by the probiotic powder in CRC

Next, we focused on determining the bacteria affected by treatment with the probiotic powder

at different time points using MetStat analysis. Fig 4A and 4B show a histogram of species rela-

tive abundance at the level of phylum and genus, respectively. As shown in Fig 4C–4F, at week

Table 3. Death of mice in each group.

Day 10 Day 30 Day 60 Day 90

Group Na NDb NSc N ND NS N ND NS N ND NS

RC 18 0 18 18 3 15 15 9 6 6 2 4

CP 18 0 18 18 1 17 17 7 10 10 1 9

a N is the total number of mice in a group over a certain period of time
b ND is the number of dead mice
C NS is the number of survivors

https://doi.org/10.1371/journal.pone.0277155.t003

Fig 3. Effect of the probiotic powder on the gut microbiota structure. (A, B) PCoA analysis and Venn diagrams of mice at weeks 4, 7, 10, and 13,

respectively. PCoA analysis (Principal Co-ordinates Analysis) was used to extract the most important elements and structures from multi-dimensional data by

sorting a series of eigenvalues and eigenvectors, and then to select the combination of principal coordinates with the greatest contributions. Closer distances

indicate more similarity in species composition. Therefore, samples with highly similar community structures tended to cluster more closely, and samples that

differed in community structures showed greater distances. Venn graph was used to analyze the common and unique OTU among different samples (groups)

after the OTU results were obtained by clustering Higher numbers of shared OTU indicated greater similarity in community structure.

https://doi.org/10.1371/journal.pone.0277155.g003
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4, the probiotic powder promoted increased abundance of Clostridium papyrosolvens, Clostri-
diales bacterium 42_27, Akkermansia muciniphila, and Clostridium sp. Culture-54, which were

reduced in CRC. At week 7, the probiotic powder promoted increased abundance of Clostrid-
ium papyrosolvens and Bifidobacterium animalis, which were reduced in CRC, and reduced

the abundance of Clostridium cocleatum which is increased in CRC. At week 10, the probiotic

powder promoted increased abundance of Bifidobacterium animalis in CRC, and reduced the

abundance of Clostridium perfringens, Ruminococcus sp. 5_1_39BFAA, and Candidatus Sac-
charibacteria bacterium UB2523, which were increased in CRC. At week 13, the probiotic pow-

der reduced the abundance of Cutibacterium acnes in CRC and inhibited that of

Erysipelatoclostridium ramosum, Clostridium disporicum, and Blautia sp. YL58, which were

increased in CRC. Re-analysis of the bacteria that showed statistically significant differences

resulted in identification of two vital bacteria. The first was Bifidobacterium animalis, which

was increased by the probiotic powder at all time points. The second was Clostridium coclea-
tum, which was reduced by the probiotic powder at all time points (Fig 4G). Our data sug-

gested that these two bacteria were affected most by the probiotic powder in CRC.

Probiotic powder inhibited CD4+ Foxp3+ Treg cells and promoted IFN-γ+

CD8+ T cells, CD4+ IL-4+ Th2 cells and CD19+ GL-7+ B cells

Various immune cells types and functions are affected by the gut microbiota, and changes to

the gut microbiota can affect the host immune system, thus affecting CRC [14]. Treg cells are

immunosuppressive cells that play an important role in tumor immunity [15]. Since our

results showed that our probiotic powder inhibited colorectal cancer by regulating the gut

microbiota, we evaluated whether the probiotic powder could affect Treg cells through regula-

tion of the gut microbiota, resulting in anti-CRC effects. As shown in Fig 5A, the number of

CD4+ Foxp3+ Treg cells in the RC group was significantly increased compared to that in the

NC group. Treatment with the probiotic powder significantly reversed the CRC-induced

increase in the number of CD4+ Foxp3+ Treg cells. These results suggested that the probiotic

powder ameliorated colorectal cancer by inhibiting CD4+ Foxp3+ Treg cells.

As previously reported, the main function of Treg cells is to suppress effector T cells [16]. T

cell function is controlled by TIGIT. The immune functions of T cells are negatively correlated

with TIGIT expression [17]. CD8+ T cells are the main force of the anti-tumour immune

response. As shown in Fig 5B, the number of IFN-γ+ CD8+ T cells was significantly reduced in

the RC group compared with that in the NC group, intervention with the probiotic powder

significantly reversed this decrease, suggesting that the probiotic powder promote the secre-

tion of IFN-γ by CD8+ T cells to exert anti-tumour effects. In addition, We found that the

number of CD4+ IL-4+ Th2 cells and the expression of TIGIT on the surface of CD4+ IL-4+

cells changed in response to CRC. As shown in Fig 5C, the number of CD4+ IL-4+ Th2 cells

were significantly reduced in the RC group compared with that in the NC group. Intervention

with the probiotic powder significantly reversed this decrease. (The changes of other effector T

cells, including CD4+ CXCR3+ Th1 cells and CD4+ RoRrt+ Th17 cells in this study are not

meaningful, as shown in Fig 5D). In addition, the probiotic powder significantly reversed

CRC-induced increases in TIGIT expression on the surface of CD4+ IL-4+ Th2 cells. These

Fig 4. Specific effects of the probiotic powder on the gut microbiota at different time points. (A, B) Histogram of

species relative abundance at the level of phylum and genus, respectively. Each color represents a species, and NC0611,

NC0702, NC0723, and NC0813 represent the species changes of the NC group at the 4th, 7th, 10th, and 13th week,

respectively, and the numbers for RC and CP indicate changes at these respective time points. (C-F) MetaStat diagrams

of the different groups of mice at weeks 4, 7, 10, and 13, respectively. (G) Line diagrams of Bifidobacterium animalis
and Clostridium cocleatum, respectively. One way analysis of variance (ANOVA), �p< 0.05, ��p< 0.01, ���p< 0.001.

https://doi.org/10.1371/journal.pone.0277155.g004
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results indicated that the probiotic powder inhibited Treg cells, resulting in increased number

and activity of CD4+ IL-4+ Th2 cells.

Th2 cells can promote B cell maturation, proliferation, and antibody production to exert

anti-tumor effects [18]. We evaluated the role of Th2 cell-mediated activation of B cells in

CRC. As shown in Fig 5E, the number of CD19+ GL-7+ B cells in the RC group was signifi-

cantly lower than that in the NC group. Intervention with the probiotic powder significantly

increased the number of CD19+ GL-7+ cells compared to that in the RC group. These results

suggested that the probiotic powder inhibited CD4+ Foxp3+ Treg cells, increased the number

of IFN-γ+ CD8+ T cells, CD4+ IL-4+ Th2 cells and CD19+ GL-7+ B cells in the immune micro-

environment of CRC.

Probiotic powder increased the expression of pro-apoptotic protein

BAX and BCL-2 play important roles in regulating tumor growth. We measured the levels of

BAX and Bcl-2 in tumor tissues to further characterize the mechanism of the gut microbiota-

related anti-CRC effects of our probiotic powder [19]. As shown in Fig 6, the expression of

BAX in the RC group was significantly lower than that in NC group. Treatment with the probi-

otic powder significantly reversed this decrease. In contrast, the probiotic powder did not

affect the expression of Bcl-2.

Discussion

Onset and progression of CRC is influenced by genetic and environmental factors with differ-

ent etiological mechanisms [20]. Studies have shown that changes in the gut microbiome can

initiate development of CRC, resulting in increased focus on management of CRC through

modulation of the composition of the gut microbiota [21]. Probiotics have been shown to reg-

ulate the gut microbiota. Therefore, we developed a new probiotic powder to evaluate regula-

tion of the microbiota to treat CRC. Probiotics are preparations of that contain viable, defined

microorganisms in sufficient numbers [22] to alter the microflora in a compartment of the

host, thereby exerting beneficial health effects [23]. The health benefits of prebiotics and probi-

otics in CRC have been demonstrated in animals and in humans [24]. In this study, we showed

that a probiotic powder comprised of Bifidobacterium and Lactobacillus exerted anti-CRC

effects. Furthermore, we characterized the mechanisms of these effects.

In this study, we found that probiotics could regulate the composition of the gut micro-

biome, promote beneficial bacteria, and inhibit harmful bacteria to inhibit CRC [25]. In CRC,

several bacteria, such as Bifidobacterium and Lactobacillus, have shown anti-cancer properties

in preclinical studies through several mechanisms, including inhibition of cell proliferation

[26]. Bifidobacterium animalis has been shown to modulate the immune response, and to exert

beneficial metabolic and anti-inflammatory effects [27]. However, few studies have evaluated

the role of Clostridium cocleatum in CRC. We showed that our probiotic powder increased the

abundance of Bifidobacterium animalis and reduced the abundance of Clostridium cocleatum.

Future studies should evaluate the role of Clostridium cocleatum in CRC. In addition, future

studies should evaluate the therapeutic effects of reducing the abundance of Clostridium
cocleatum.

Fig 5. Probiotic powder inhibited CD4+ Foxp3+ Treg cells, and promoted activation of IFN-γ+ CD8+ T cells, CD4+ IL-4+ Th2 cells and

CD19+ GL-7+ B cells. (A) Gating strategy for analysis of CD4+ Foxp3+ Treg cell subsets (gating within CD4 + T cells). (B) Frequency of IFN-

γ+ CD8+ T cells (gating within CD8+T cells). (C) Frequency of CD4+ IL-4+ Th2 cells and expression of TIGIT on CD4+ IL-4+Th2 cells (gating

within CD4 + T cells). (D) Frequency of CD4+ CXCR3+ Th1 cells and CD4+ RoRrt+ Th17 cells (gating within CD4 + T cells). (E) Frequency of

CD19+ GL-7+ B cells (gating within CD19+ B cells). One way analysis of variance (ANOVA), �p< 0.05, ��p< 0.01, ���p< 0.001.

https://doi.org/10.1371/journal.pone.0277155.g005
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Numerous studies have shown that the gut interacts closely with the host immune micro-

environment [28], and plays an essential role in regulation of adaptive and innate immunity

[29]. We evaluated whether regulation of the gut microbiota by probiotics resulted in

changes in the immune microenvironment. Treg cells regulate homeostasis of the immune

system and self-immune tolerance [30]. They can inhibit the anti-tumor effector of T cells

and may alter the entire tumor immune environment [31]. CD8+T cells are an important

part of tumor immunity, which clear tumors through a variety of mechanisms. IFN-γ
secreted by CD8+T cells has anti-tumor activity and can control tumor growth. In addition,

IFN- γ can enhance antigen presentation and inhibit tumor angiogenesis, which also plays

an important role in cancer immune surveillance [32]. Th2 effector cells regulate B cell mat-

uration, proliferation, and antibody production [33]. B cells regulate immune responses

and inflammation through antibody production, and induce T cell activation and prolifera-

tion via antigen presentation. Our probiotic powder inhibited Treg cell activity, increased

the abundance of IFN-γ+ CD8+ T cells, CD4+ IL-4+ Th2 cells and CD19+ GL-7+ B cells in

the immune microenvironment of CRC.

T-cell immunoreceptor with immunoglobulin and tyrosine–based inhibitory motif domain

is a member of the CD28 family and is mainly expressed on natural killer cells, CD4+, CD8+,

and Treg cells [34]. It is crucial for balancing T cell activation and protection from autoimmu-

nity [35]. T-cell immunoreceptor with immunoglobulin and tyrosine–based inhibitory motif

domain expressed on the surface of T cells can bind to CD155 expressed by tumor cells, result-

ing in inhibition of the tumor killing effect of T cells. Our results showed that our probiotic

powder reduced the expression of TIGIT on the surface of CD4+ IL-4+ Th2 cells. This result

suggested that our probiotic powder increased the number of Th2 cells, and also increased the

activity of Th2 cells. Reduced expression of TIGIT on Th2 cells promoted Th2 cell function to

promote anti-tumor effects. Furthermore, reduced expression of TIGIT resulted in reduced

binding to CD155 expressed by tumor cells, thus preventing immune escape.

Our study was subject to several limitations. First, the potential targets and specific mecha-

nisms of the gut microbiota and immune cells requires further study. In addition, future stud-

ies should evaluate the effects of our probiotic powder in combination with other

antineoplastic drugs such as Chinese herbal medicines or PD-L1 antibodies.

Fig 6. Western blot of BAX and Bcl-2 in tumor tissue. The expression of BAX (Molecular weight is 21 kDa), Bcl-2

(Molecular weight is 26 kDa), and GAPDH (Molecular weight is 39kDa) was measured using western blot. GAPDH

was used as the loading control. Data are indicative of three separate experiments, and were analyzed using one way

analysis of variance (ANOVA), �p< 0.05, ��p< 0.01, ���p< 0.001.

https://doi.org/10.1371/journal.pone.0277155.g006
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Conclusion

In summary, we demonstrated that our probiotic powder ameliorated CRC by regulating Bifi-
dobacterium animalis, Clostridium cocleatum, inhibiting Treg cells, promoting the number of

IFN-γ+ CD8+ T cells, increasing Th2 cell abundance, inhibiting the expression of TIGIT in

Th2 cells, and increasing B cell abundance in the immune microenvironment of CRC, result-

ing in increased expression of BAX in CRC. These results indicated that this probiotic powder

has therapeutic potential for CRC (Fig 7).

Supporting information

S1 Data.

(XLSX)

S1 File. Images of the original western blots.

(DOCX)

Acknowledgments

We thank Dr. Richard Ho from Ningxia Medical University for text correction and Dr. Meng

Chen from Tianjin Novogene Biotech Co., Ltd for data analysis and helpful discussion. Thanks

to Charlesworth Author Services for scientific editing and proof-reading.

Author Contributions

Data curation: Qian Cao.

Fig 7. Schematic diagram of the function of the probiotic powder in CRC. The probiotic powder ameliorated CRC by regulating the

gut microbiota (increased the abundance of Bifidobacterium animalis and reduced the abundance of Clostridium cocleatum), attenuating

CD4+ Foxp3+ Treg cells, promoting the number of IFN-γ+ CD8+ T cells, increasing Th2 cell abundance and B cell abundance in the

immune microenvironment of CRC, resulting in increased expression of BAX in CRC.

https://doi.org/10.1371/journal.pone.0277155.g007

PLOS ONE Probiotic powder ameliorated colorectal cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0277155 March 13, 2023 13 / 15

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0277155.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0277155.s002
https://doi.org/10.1371/journal.pone.0277155.g007
https://doi.org/10.1371/journal.pone.0277155


Formal analysis: Miao Liu.

Funding acquisition: Xiangguo Duan.

Methodology: Yuhan Xia, Jinhua Tian.

Supervision: Bin Ma, Xiangguo Duan.

Visualization: Xiangguo Duan.

Writing – original draft: Xiaojuan Yang.

Writing – review & editing: Jian Chen, Chunxia Su, Xiangguo Duan.

References
1. Rawla P, Sunkara T, Barsouk A. Epidemiology of colorectal cancer: incidence, mortality, survival, and

risk factors. Gastroenterology Review. 2019; 14(2): 89–103. https://doi.org/10.5114/pg.2018.81072

PMID: 31616522

2. Rezapour S, Hosseinzadeh E, Marofi F, Hassanzadeh A. Epigenetic-based therapy for colorectal can-

cer: Prospect and involved mechanisms. J Cell Physiol. 2019; 234(11): 19366–83. https://doi.org/10.

1002/jcp.28658 PMID: 31020647

3. Wong SH, Yu J. Gut microbiota in colorectal cancer: mechanisms of action and clinical applications.

Nat Rev Gastroenterol Hepatol. 2019; 16(11): 690–704. https://doi.org/10.1038/s41575-019-0209-8

PMID: 31554963

4. Raskov H, Burcharth J, Pommergaard H. Linking Gut Microbiota to Colorectal Cancer. J Cancer. 2017;

8(17): 3378–95. https://doi.org/10.7150/jca.20497 PMID: 29151921

5. Eslami M, Yousefi B, Kokhaei P, Hemati M, Nejad ZR, Arabkari V, et al. Importance of probiotics in the

prevention and treatment of colorectal cancer. J Cell Physiol. 2019; 234(10): 17127–43. https://doi.org/

10.1002/jcp.28473 PMID: 30912128

6. Zhong L. Emerging roles of lactic acid bacteria in protection against colorectal cancer. World J Gastro-

entero. 2014; 20(24): 7878. https://doi.org/10.3748/wjg.v20.i24.7878 PMID: 24976724

7. Tsai Y, Lin T, Chang C, Wu T, Lai W, Lu C, et al. Probiotics, prebiotics and amelioration of diseases. J

Biomed Sci. 2019; 26(1). https://doi.org/10.1186/s12929-018-0493-6 PMID: 30609922

8. Gessani Belardelli. Immune Dysfunctions and Immunotherapy in Colorectal Cancer: The Role of Den-

dritic Cells. Cancers. 2019; 11(10): 1491. https://doi.org/10.3390/cancers11101491 PMID: 31623355

9. Hoogi S, Eisenberg V, Mayer S, Shamul A, Barliya T, Cohen CJ. A TIGIT-based chimeric co-stimulatory

switch receptor improves T-cell anti-tumor function. J Immunother Cancer. 2019; 7(1). https://doi.org/

10.1186/s40425-019-0721-y PMID: 31500665

10. Liang X, Guo W, Ren T, Huang Y, Sun K, Zhang H, et al. Macrophages reduce the sensitivity of osteo-

sarcoma to neoadjuvant chemotherapy drugs by secreting Interleukin-1 beta. Cancer Lett. 2020; 480:

4–14. https://doi.org/10.1016/j.canlet.2020.03.019 PMID: 32220541

11. Dan Z, Mao X, Liu Q, Guo M, Zhuang Y, Liu Z, et al. Altered gut microbial profile is associated with

abnormal metabolism activity of Autism Spectrum Disorder. Gut Microbes. 2020; 11(5): 1246–67.

https://doi.org/10.1080/19490976.2020.1747329 PMID: 32312186

12. Cui M, Hu Y, Bi Y, Wang W, Wang M, Zhang X, et al. Preliminary exploration of potential molecular ther-

apeutic targets in recurrent and metastatic parathyroid carcinomas. Int J Cancer. 2018; 144(3): 525–32.

https://doi.org/10.1002/ijc.31948 PMID: 30362515

13. Dalal N, Jalandra R, Bayal N, Yadav AK, Harshulika Sharma M, et al. Gut microbiota-derived metabo-

lites in CRC progression and causation. J Cancer Res Clin Oncol. 2021; 147(11): 3141–55. https://doi.

org/10.1007/s00432-021-03729-w PMID: 34273006

14. Yang W, Cong Y. Gut microbiota-derived metabolites in the regulation of host immune responses and

immune-related inflammatory diseases. Cell Mol Immunol. 2021; 18(4): 866–77. https://doi.org/10.

1038/s41423-021-00661-4 PMID: 33707689

15. Sun B, Liu M, Cui M, Li T. Granzyme B-expressing treg cells are enriched in colorectal cancer and pres-

ent the potential to eliminate autologous T conventional cells. Immunol Lett. 2020; 217: 7–14. https://

doi.org/10.1016/j.imlet.2019.10.007 PMID: 31669380

PLOS ONE Probiotic powder ameliorated colorectal cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0277155 March 13, 2023 14 / 15

https://doi.org/10.5114/pg.2018.81072
http://www.ncbi.nlm.nih.gov/pubmed/31616522
https://doi.org/10.1002/jcp.28658
https://doi.org/10.1002/jcp.28658
http://www.ncbi.nlm.nih.gov/pubmed/31020647
https://doi.org/10.1038/s41575-019-0209-8
http://www.ncbi.nlm.nih.gov/pubmed/31554963
https://doi.org/10.7150/jca.20497
http://www.ncbi.nlm.nih.gov/pubmed/29151921
https://doi.org/10.1002/jcp.28473
https://doi.org/10.1002/jcp.28473
http://www.ncbi.nlm.nih.gov/pubmed/30912128
https://doi.org/10.3748/wjg.v20.i24.7878
http://www.ncbi.nlm.nih.gov/pubmed/24976724
https://doi.org/10.1186/s12929-018-0493-6
http://www.ncbi.nlm.nih.gov/pubmed/30609922
https://doi.org/10.3390/cancers11101491
http://www.ncbi.nlm.nih.gov/pubmed/31623355
https://doi.org/10.1186/s40425-019-0721-y
https://doi.org/10.1186/s40425-019-0721-y
http://www.ncbi.nlm.nih.gov/pubmed/31500665
https://doi.org/10.1016/j.canlet.2020.03.019
http://www.ncbi.nlm.nih.gov/pubmed/32220541
https://doi.org/10.1080/19490976.2020.1747329
http://www.ncbi.nlm.nih.gov/pubmed/32312186
https://doi.org/10.1002/ijc.31948
http://www.ncbi.nlm.nih.gov/pubmed/30362515
https://doi.org/10.1007/s00432-021-03729-w
https://doi.org/10.1007/s00432-021-03729-w
http://www.ncbi.nlm.nih.gov/pubmed/34273006
https://doi.org/10.1038/s41423-021-00661-4
https://doi.org/10.1038/s41423-021-00661-4
http://www.ncbi.nlm.nih.gov/pubmed/33707689
https://doi.org/10.1016/j.imlet.2019.10.007
https://doi.org/10.1016/j.imlet.2019.10.007
http://www.ncbi.nlm.nih.gov/pubmed/31669380
https://doi.org/10.1371/journal.pone.0277155


16. Velikova TV, Miteva L, Stanilov N, Spassova Z, Stanilova SA. Interleukin-6 compared to the other Th17/

Treg related cytokines in inflammatory bowel disease and colorectal cancer. World J Gastroentero.

2020; 26(16): 1912–25. http://doi.org/10.3748/wjg.v26.i16.1912

17. Mao L, Xiao Y, Yang Q, Yang S, Yang L, Sun Z. TIGIT/CD155 blockade enhances anti-PD-L1 therapy

in head and neck squamous cell carcinoma by targeting myeloid-derived suppressor cells. Oral Oncol.

2021; 121: 105472. https://doi.org/10.1016/j.oraloncology.2021.105472 PMID: 34333450

18. Hu X, Luo B, Wu Q, Chen Q, Lu P, Huang J, et al. Effects of Dezocine and Sufentanil on Th1/Th2 Bal-

ance in Breast Cancer Patients Undergoing Surgery. Drug Des Devel Ther. 2021; 15: 4925–38. https://

doi.org/10.2147/DDDT.S326891 PMID: 34880602

19. Khodavirdipour A, Jamshidi F, Nejad HR, Zandi M, Zarean R. To Study the Anti-cancer Effects of Shi-

gella Flexneri in AspC-1 Pancreatic Cancer Cell Line in Approach to Bax and bcl-2 Genes. Journal of

Gastrointestinal Cancer. 2021; 52(2): 593–9. http://doi.org/10.1007/s12029-020-00433-9

20. Wu H, Liu J, Yin Y, Zhang D, Xia P, Zhu G. Therapeutic Opportunities in Colorectal Cancer: Focus on

Melatonin Antioncogenic Action. Biomed Res Int. 2019; 2019: 1–6. https://doi.org/10.1155/2019/

9740568 PMID: 31637261

21. Saus E, Iraola-Guzmán S, Willis JR, Brunet-Vega A, Gabaldón T. Microbiome and colorectal cancer:

Roles in carcinogenesis and clinical potential. Mol Aspects Med. 2019; 69: 93–106. https://doi.org/10.

1016/j.mam.2019.05.001 PMID: 31082399

22. Kerschbaum E, Nüssler V. Cancer Prevention with Nutrition and Lifestyle. Visceral Medicine. 2019; 35

(4): 204–9. https://doi.org/10.1159/000501776 PMID: 31602380

23. Kang Y, Pan W, Cai Y. Gut microbiota and colorectal cancer: insights into pathogenesis for novel thera-

peutic strategies. Z Gastroenterol. 2017; 55(9):872–80. http://doi.org/10.1055/s-0043-116387

24. Molska M, Reguła J. Potential Mechanisms of Probiotics Action in the Prevention and Treatment of

Colorectal Cancer. Nutrients. 2019; 11(10): 2453. https://doi.org/10.3390/nu11102453 PMID:

31615096

25. Lin C, Cai X, Zhang J, Wang W, Sheng Q, Hua H, et al. Role of Gut Microbiota in the Development and

Treatment of Colorectal Cancer. Digestion. 2019; 100(1): 72–8. https://doi.org/10.1159/000494052

PMID: 30332668

26. Bozkurt HS, Quigley EM, Kara B. Bifidobacterium animalis subspecies lactis engineered to produce

mycosporin-like amino acids in colorectal cancer prevention. SAGE Open Medicine. 2019; 7:

1936793870. https://doi.org/10.1177/2050312119825784 PMID: 30719295

27. Keum N, Giovannucci E. Global burden of colorectal cancer: emerging trends, risk factors and preven-

tion strategies. Nat Rev Gastroenterol Hepatol. 2019; 16(12): 713–32. https://doi.org/10.1038/s41575-

019-0189-8 PMID: 31455888

28. IJsselsteijn ME, Sanz-Pamplona R, Hermitte F, de Miranda NFCC. Colorectal cancer: A paradigmatic

model for cancer immunology and immunotherapy. Mol Aspects Med. 2019; 69: 123–9. http://doi.org/

10.1016/j.mam.2019.05.003

29. Ciardiello D, Vitiello PP, Cardone C, Martini G, Troiani T, Martinelli E, et al. Immunotherapy of colorectal

cancer: Challenges for therapeutic efficacy. Cancer Treat Rev. 2019; 76: 22–32. https://doi.org/10.

1016/j.ctrv.2019.04.003 PMID: 31079031

30. Ohue Y, Nishikawa H. Regulatory T (Treg) cells in cancer: Can Treg cells be a new therapeutic target?

Cancer Sci. 2019; 110(7): 2080–9. https://doi.org/10.1111/cas.14069 PMID: 31102428

31. Munn DH, Sharma MD, Johnson TS. Treg Destabilization and Reprogramming: Implications for Cancer

Immunotherapy. Cancer Res. 2018; 78(18): 5191–9. https://doi.org/10.1158/0008-5472.CAN-18-1351

PMID: 30181177

32. Van der Leun AM, Thommen DS, Schumacher TN. CD8(+) T cell states in human cancer: insights from

single-cell analysis. Nat Rev Cancer. 2020; 20(4):218–32. https://doi.org/10.1038/s41568-019-0235-4

PMID: 32024970

33. Zhang W, Pan Y, Gou P, Zhou C, Ma L, Liu Q, et al. Effect of xanthohumol on Th1/Th2 balance in a

breast cancer mouse model. Oncol Rep. 2018; 39(1): 280–8. https://doi.org/10.3892/or.2017.6094

PMID: 29138867

34. Solomon BL, Garrido-Laguna I. TIGIT: a novel immunotherapy target moving from bench to bedside.

Cancer Immunol Immunother. 2018; 67(11): 1659–67. https://doi.org/10.1007/s00262-018-2246-5

PMID: 30232519

35. Zhang X, Zhang H, Chen L, Feng Z, Gao L, Li Q. TIGIT expression is upregulated in T cells and causes

T cell dysfunction independent of PD-1 and Tim-3 in adult B lineage acute lymphoblastic leukemia. Cell

Immunol. 2019; 344: 103958. https://doi.org/10.1016/j.cellimm.2019.103958 PMID: 31376919

PLOS ONE Probiotic powder ameliorated colorectal cancer

PLOS ONE | https://doi.org/10.1371/journal.pone.0277155 March 13, 2023 15 / 15

http://doi.org/10.3748/wjg.v26.i16.1912
https://doi.org/10.1016/j.oraloncology.2021.105472
http://www.ncbi.nlm.nih.gov/pubmed/34333450
https://doi.org/10.2147/DDDT.S326891
https://doi.org/10.2147/DDDT.S326891
http://www.ncbi.nlm.nih.gov/pubmed/34880602
http://doi.org/10.1007/s12029-020-00433-9
https://doi.org/10.1155/2019/9740568
https://doi.org/10.1155/2019/9740568
http://www.ncbi.nlm.nih.gov/pubmed/31637261
https://doi.org/10.1016/j.mam.2019.05.001
https://doi.org/10.1016/j.mam.2019.05.001
http://www.ncbi.nlm.nih.gov/pubmed/31082399
https://doi.org/10.1159/000501776
http://www.ncbi.nlm.nih.gov/pubmed/31602380
http://doi.org/10.1055/s-0043-116387
https://doi.org/10.3390/nu11102453
http://www.ncbi.nlm.nih.gov/pubmed/31615096
https://doi.org/10.1159/000494052
http://www.ncbi.nlm.nih.gov/pubmed/30332668
https://doi.org/10.1177/2050312119825784
http://www.ncbi.nlm.nih.gov/pubmed/30719295
https://doi.org/10.1038/s41575-019-0189-8
https://doi.org/10.1038/s41575-019-0189-8
http://www.ncbi.nlm.nih.gov/pubmed/31455888
http://doi.org/10.1016/j.mam.2019.05.003
http://doi.org/10.1016/j.mam.2019.05.003
https://doi.org/10.1016/j.ctrv.2019.04.003
https://doi.org/10.1016/j.ctrv.2019.04.003
http://www.ncbi.nlm.nih.gov/pubmed/31079031
https://doi.org/10.1111/cas.14069
http://www.ncbi.nlm.nih.gov/pubmed/31102428
https://doi.org/10.1158/0008-5472.CAN-18-1351
http://www.ncbi.nlm.nih.gov/pubmed/30181177
https://doi.org/10.1038/s41568-019-0235-4
http://www.ncbi.nlm.nih.gov/pubmed/32024970
https://doi.org/10.3892/or.2017.6094
http://www.ncbi.nlm.nih.gov/pubmed/29138867
https://doi.org/10.1007/s00262-018-2246-5
http://www.ncbi.nlm.nih.gov/pubmed/30232519
https://doi.org/10.1016/j.cellimm.2019.103958
http://www.ncbi.nlm.nih.gov/pubmed/31376919
https://doi.org/10.1371/journal.pone.0277155

