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Abstract 
Clostridium difficile is a grossly Gram-positive anaerobic bacterium that has 
been a key factor in inducing imbalances in the gut microbiota in recent years, 
leading to intestinal-associated inflammation. The main pathogenic toxins of 
Clostridium difficile are toxin A (TcdA) and toxin B (TcdB). TcdB is the main 
pathogenic factor of Clostridium difficile infection. This review revealed the 
pathogenic mechanism of Clostridium difficile toxin B, expounded the im-
pact of Clostridium difficile on the intestinal system, and predicted the genes 
on which TcdB may act, thereby providing a new therapeutic target for Clo-
stridium difficile infection, offering theoretical basis and new strategies for 
clinical prevention and control. 
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1. Introduction 

In recent years, the misuse of drugs such as broad-spectrum antibiotics or im-
munosuppressants [1] has led to the suppression of normal intestinal flora. As a 
conditional pathogen, Clostridium difficile (CD) is highly resistant to therapeu-
tic drugs, proliferates excessively in the intestines and releases toxins, causing se-
rious clinical infectious diseases such as diarrhea, pseudomembranous enteritis 
and toxic megacolon [2], threatening human health. Oysters grown in contami-
nated water have even been found to bioaccumulate toxigenic CD and pose a 
health risk by acting as a vector for the transmission of the pathogen to humans 
[3]. Traditional cooking methods may not adequately eliminate CD spores from 
meat, which leads to more serious foodborne transmission. 
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In 2013, the US Centers for Disease Control and Prevention (CDC) listed CD 
as the main pathogens of hospital-acquired infections [4]. Toxin is the main pa-
thogenic factor of CD. CD can produce 6 kinds of toxins, namely toxin A (TcdA), 
toxin B (TcdB), toxin C (TcdC), toxin D (TcdD), toxin E (TcdE) and clostridium 
airficilebinary toxin (CDT), of which TcdA and TcdB cause infection symptoms, 
which are the main virulence factors [5]. Toxin A, known as enterotoxin, acts on 
the intestinal mucosa epithelium, causing increased secretion and even bleeding 
of the intestinal mucosa [6]. Toxin B, also known as a cytotoxin, destroys intes-
tinal cells and even causes degeneration, apoptosis, necrosis and shedding of in-
testinal cells, worsening the inflammatory response [7]. The human colon was 
10 times more sensitive to damage caused by TcdB than TcdA in the study [8]. 
TcdB poses a more serious risk to humans. Several studies also showed that 
TcdB is a condition for the pathogenesis of CDI, causing more mucosal oedema 
in the tissue as well as manifestations of cellular infiltration, and is 100 - 10,000 
times more virulent than TcdA [9] [10]. There is no doubt that TcdB is the rela-
tively more important CD toxin in humans. For CDI, the therapeutic drugs me-
tronidazole and vancomycin are commonly used clinically [11], but gradually cas-
es of resistance to metronidazole and vancomycin have emerged [12] [13] [14], 
and the relapse rate of CDI treated with these two drugs remains high [15], placing 
a great burden on social and medical resources. Both patients and clinicians 
need a more effective treatment measure. It is worth noting that TcdB is asso-
ciated with a variety of genes when it works. The relationship between changes 
in the expression of these genes and the toxin response suggested that gene tar-
geting may be used to prevent, treat or reduce the recurrence of CDI. 

The aim of this paper is to provide an overview of gene targeting therapy and 
further mechanisms of action by describing the effects of toxins secreted by CD 
on the intestinal system as recently discovered by researchers, screening for 
genes that may play a role in the TcdB response. 

2. Pathogenic Mechanism of TcdB 

A common feature of most CDI patients is the long-term use of antibacterial 
drugs. This results in a gradual weakening of the colonization resistance of the 
normal intestinal flora against pathogen adhesion, and the normal composition 
of the intestinal flora is disrupted by the adhering pathogens, which take the 
opportunity to disrupt. This is how Clostridium difficile sticks to the intestines 
to release toxins [16]. 

In general, the effect of toxins is initially caused by the binding of TcdA to the 
toxin receptors on colon cells, which damages colon villi and brush borders, de-
stroys the cytoskeleton and tight junctions, and activates the mucosal epithelial 
cell cAMP system to secrete more water and salt, corrodes the mucous mem-
brane, and chemoattracts white blood cells, causing inflammation, diarrhea and 
even bleeding in the intestine [17] [18]. TcdB enters the tissues after TcdA dam-
ages the intestinal mucosa, inactivates the guanosine triphosphatase (GTPase) 
protein of the Rho family after glycosylation, inhibits its effect, and blocks cell 
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signals that depend on Rho, thus exerting cytotoxic effects [19]. Afterwards, the 
toxin stimulates monocytes, macrophages and neutrophils to release inflamma-
tory factors to destroy intestinal wall cells, increase the permeability of intestinal 
epithelial cells, cause inflammation, secrete more intestinal cell mucus and elec-
trolytes, and ultimately lead to cell apoptosis, degeneration, necrosis, shedding, 
and even the formation of pseudomembranes causing pseudomembranous coli-
tis [7]. However, a growing body of research suggested that there is not necessar-
ily a sequential relationship between the actions of TcdA and TcdB, and that 
TcdB may not need to enter cells to produce effects after TcdA has destroyed the 
intestinal mucosa [20]. Pathogenic CD strains that are TcdB+ but TcdA− were 
clinically isolated and were more likely to cause severe systemic disease [21]. 
TcdB is a critical presence that requires greater attention. 

In addition to the general mechanisms described above, TcdB has been found 
to accomplish damage to cellular tissues by activating multiple pathways. One is 
that TcdB activates NF-κB signaling via the JAK1/2, ERK1/2 and p38/MAPK 
pathways, inducing the release of inflammatory factors such as IL-1β, IL-6, IL-8 
and TNF-α from epithelial cells, initiating downstream tissue edema, cell che-
motaxis and apoptosis responses and exacerbating inflammatory effects [22] [23]. 
Secondly, TcdB induces the production of VEGF-A in human colon through 
HIFα, p38/MAPK and MEK1/2 signaling pathways, increasing pro-inflammatory 
cytokines and making the intestinal vascular barrier more permeable [24]. Thirdly, 
colonic stem cells are the main targets of TcdB. Chondroitin sulfate proteogly-
can 4 (CSPG4), poliovirus receptor-like 3 (PVRL3) and frizzled proteins (FZDs) 
have recently been identified as TcdB receptors [25] [26] [27] [28] [29], of which 
FZDs are thought to be the major receptors in the colonic epithelium [25] [30]. 
When TcdB binds to FZDs, FZD1, 2 and 7 mediate the entry of toxins into cells, 
inhibit Wnt signaling and interfere with the self-renewal and differentiation of 
colonic stem cells [25] [31] [32]. Fourth, TcdB can also induce caspase-dependent 
and caspase-independent apoptotic pathways through mitochondrial ATP-de- 
pendent potassium channels, causing apoptosis and damage to tissues [33]. Fifth, 
in recent studies, it has been proposed that toxin self-processing mediated by the 
cysteine protease domain (CPD) can positively regulate cytotoxicity and nega-
tively regulate pro-inflammatory activity [34] [35] [36] [37]. Sixth, TcdB acti-
vates the release of IL-1β from Inflammasome containing the ASC gene, a path-
way that also plays an important role in the pathogenesis of CDI [38]. We can 
therefore conclude that TcdB initially disrupts the intestinal barrier by altering 
tight junctions and intracellular signaling between intestinal epithelial cells. Af-
ter the intestinal epithelial barrier has been breached, the toxin interacts with 
immune cells in the body, causing a strong inflammatory response that leads to 
subsequent tissue damage. 

CDI has become one of the important factors threatening human health. After 
the author explained the possible pathogenic mechanism, the importance of 
TcdB is self-evident. Although many studies have revealed the role of CD toxin 
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B, there are still many unsolved problems in the prevention and treatment of 
CDI. 

3. Genes That TcdB May Act on 

The author searched the GEO database in NCBI for datasets related to CD (key-
word Clostridium difficile) and found dataset GSE63880. 6 of these colon stem 
cell samples treated with TcdB for 24 h and 2 controls were analyzed. (Because 
the effect of the toxin on each person infected with CD is different and there 
were three different levels in this dataset, the levels treated were not differen-
tiated here, only time was chosen as a fixed factor, just enough to better simulate 
the real situation, while 24 hours was chosen as the principle of the longest dura-
tion of action.) The data were then analyzed for variance using the limma pack-
age in R (3.6.1), and the results of the variance analysis were obtained and visua-
lized in R. The thresholds were chosen as p < 0.05 and |logFC| > 1. A total of 273 
differential genes were obtained, of which 126 were up-regulated and 147 were 
down-regulated (Figure 1). The resulting differential genes were enriched for 
analysis and visualised using the online tool gprofiler  
(http://biit.cs.ut.ee/gprofiler/gost). The main entries for MF enrichment in GO 
(Gene Ontology) were found to be alcohol dehydrogenase (NAD+) activity, 
RNA-DNA hybrid ribonuclease activity, alcohol dehydrogenase [NAD(P)+] ac-
tivity, catalytic activity acting on DNA, and transcription factor binding. The 
main entries in BP enrichment were response to stress, response to oxygen- 
containing compound, response to hormone, response to lipid and nuclear DNA 
replication. The main entries for CC enrichment included membrane-bounded 

 

 
Figure 1. Volcano plot of gene distribution (horizontal coordinates are Fold Change taken as 
log2 values, vertical coordinates are p values taken as log negative values; where red dots 
represent 126 genes up-regulated and blue dots represent 147 genes down-regulated). 
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organelle, cytosol, intercellular membrane-bounded organelle, cytoplasm, and 
nuclear chromosome. In addition, the main pathways enriched in KEGG (Kyoto 
Encyclopedia of Genes and Genomes) were DNA replication, Cell cycle, MAPK 
signalling pathway, Glycolysis/Gluconeogenesis and Base excision repair (Figure 
2). These enriched entries revealed the impact of the toxin produced by CD on 
intestinal cells and the microenvironment. It also suggested that the differential 
genes analyzed may indeed be associated with the action of the TcdB secreted by 
CD. Finally, 273 genes with differential expression were subjected to PPI net-
work construction in string (https://string-db.org/) and network visualization 
designed using cytoscape (3.7.1) to find genes that play a key role in response to 
the action of TcdB (Figure 3). The expression of the top 20 genes by degree num-
ber was obtained in Figure 4, and a table of genes with degree numbers greater 
than or equal to 20 was also produced (Table 1). 

The author used the above steps to make a preliminary prediction of the genes 
in which TcdB may act, and presented a short review of some of these genes to 
describe their possible role in CDI, in the hope that these genes may serve as 
targets for future prevention, treatment or recurrence of CDI. 

 

 
Figure 2. GO and KEGG enrichment (the horizontal coordinates are the corresponding entries, the vertical coordinates are the 
negative logarithm of Padj, the size of the bubbles represents the number of genes enriched, and the table below shows the top 5 
entries sorted by Padj). 
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Figure 3. Topological network of 273 differential genes (larger 
and bluer nodes in the diagram representing more connections 
to other genes). 

 

 
Figure 4. Expression of the top 20 genes ranked by degree (horizontal coordinates are the corresponding samples, 
GSM1558898 and GSM1558899 are controlled, the rest are toxin treatment groups. The vertical coordinates are the genes, 
the redder the colour the higher the expression, the bluer the lower the expression). 
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Table 1. Genes with a degree greater than or equal to 20. 

Gene Degree Betweenness 

PCNA 134 117,321.47 

CDK4 85 74,659.75 

STAT1 84 99,114.06 

PRKDC 80 100,947.23 

FOS 79 95,936.42 

RHOB 73 81,295.11 

UBC 49 320,040.16 

YWHAH 48 41,039.68 

MCM4 46 13,871.56 

CCT2 44 38,120.64 

POLA1 42 14,123.16 

NAT10 40 64,192.27 

MCM6 40 12,287.29 

EZR 38 39,279.2 

NR4A1 37 26,347.93 

MYB 36 30,916.56 

RSL1D1 36 20,755 

TFDP1 36 14,878.26 

CDC45 36 12,022.94 

SERBP1 35 36,532.52 

KRAS 35 35,376.37 

SKP2 35 23,152.04 

SUPT16H 29 27,611.45 

HSPB1 29 25,015.58 

JUNB 28 16,343.29 

NR4A2 28 6692.65 

APEX1 27 17,424.94 

FEN1 27 10,234.49 

CXCR4 26 42,835.52 

TUBA1B 26 17,552.58 

NBN 26 11,375.66 

TUBB2A 25 11,582.12 

MEF2D 23 10,644.4 

BRCC3 22 18,984.65 

EFNA1 22 17,594.26 

NME1 20 29,894.24 
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3.1. Increased PCNA Suggests Proliferation of Intestinal Epithelial  
Cells to Repair Damaged Intestine 

Proliferating Cell Nuclear Antigen (PCNA), also known as Cyclin, is a marker 
protein specific to proliferating cells [39]. Because PCNA is an auxiliary protein 
of DNA polymerase δ, it is closely related to DNA replication and synthesis and 
plays an important role in the initiation of cell proliferation, so it can be used as 
a good indicator of the proliferative state of cells and the development of aggres-
sive lesions [40] [41] [42]. In diseases such as gastric cancer, non-small cell lung 
cancer and liver cancer, increased expression of PCNA indicates an increased 
degree of malignant tissue [43] [44] [45]. In the differential gene table produced 
by the author (Table 1), it can be found that PCNA with a degree as high as 134 
was highly correlated with TcdB action and was most likely the key gene for 
TcdB action. In previous studies, few or no people mentioned the relationship 
between CD toxin and PCNA. However, it can be found from PCNA-related 
studies that when small intestinal epithelial cells were overactivated, that is, 
when the small intestinal epithelium was in a hyperproliferative state, PCNA ex-
pressed strongly positive correspondingly [46]. The effect of CD toxin starts in 
the intestinal epithelial cells, destroying permeability and intestinal mucosa, in-
testinal cell apoptosis, necrosis, shedding while the body proliferates a large 
number of cells to repair the place damaged by the toxin. A large number of pro-
liferating cells make PCNA expression elevated. It is therefore worth trying to 
assist in the diagnosis of CDI by detecting PCNA expression and predicting the 
grading of the degree of CDI. PCNA can be used as a therapeutic target for CDI 
to enable proper proliferation of intestinal cells, thereby repairing the damaged 
intestine and creating a good environment for intestinal bacteria to survive and 
alleviate flora disorders. 

3.2. STAT1 May Exacerbate Inflammation Caused by Clostridium  
difficile Toxin 

Signal transducer and activator of transcription (STAT) is a family of transcrip-
tion factors involved in cellular signal transduction, which when activated can be 
involved in regulating the expression of genes for cell growth, differentiation, 
proliferation and apoptosis through a variety of signaling pathways. STAT1 is 
the first and extremely important member of the STAT family to be discovered. 
It acts as a transcriptional activator in the nucleus [47]. It is related to inflamma-
tion caused by immune system disorders and induces the expression of pro-in- 
flammatory factors such as TNF-α and TGF-β [48]. Janus kinases (JAK) and 
mitogen-activated protein kinases (MAPK) can activate STAT1, phosphorylate 
the conserved tyrosine and serine residues in its C-terminal activation region, 
form a dimer and then translocate into the nucleus to regulate target genes [49] 
[50]. These two pathways are closely related to intestinal immune function. 
TcdB can activate STAT1 via JAK and p38 MAPK [51]. STAT1 activation pro-
motes TNF-α-induced apoptosis and exacerbates CD toxin-induced inflamma-
tion. In addition, STAT1 can also induce the synthesis of caspase precursors 
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[52], paving the way for the strong activation of the caspase pathway that de-
pends on the glycosylation modification of Rho protein after TcdB enters ma-
crophages. It is currently believed that the STAT pathway is highly conserved in 
vertebrates, so this gene target is undoubtedly an excellent choice for the treat-
ment of CD. 

3.3. Increased c-Fos Expression Is Associated with CDI 

The immediate early gene c-fos is rapidly inducible, and its expression increases 
after being activated, encoding the Fos protein. People believe that because the 
expression of c-fos in neuronal cells is proportional to the intensity of the sti-
mulus it bears, c-fos is often used as a sign of neuron activation by noxious sti-
muli. Further, c-fos also regulate cell proliferation, differentiation and apoptosis 
and other physiological functions. In the experiment of culturing the human co-
lon in vitro, it was found that the toxin B of CD can cause an inflammatory re-
sponse in the human colon in vitro, releasing IL-1β and other cytokines. The ex-
pression of c-fos is induced in human submucosal neuronal populations through 
four pathways: IL-1β-mediated, specific neurochemically encoded, smooth mus-
cle or vascular, and is increased in a dose-dependent manner [53]. Phosphoryla-
tion of the p38 MAPK pathway has also been found to upregulate c-fos expres-
sion in animal experiments, leading to inflammation [54] [55]. Accordingly, 
when severe inflammation is caused by the effect of CD toxins, it may be useful 
to try to alleviate the inflammatory response by inhibiting c-fos genes, using 
c-fos as an observational indicator, which can also be used as an auxiliary diag-
nostic criterion and provide new strategies for the clinical treatment of CD in-
fections. 

3.4. DUSP1 Blocks Pathways That TcdB May Affect 

Dual specificity phosphatase (DUSP) is also known as mitogen-activated protein 
kinases phosphatase (MKPs). DUSP1 or MKP-1 is the first member of the MKP 
family to be discovered. It is also an essential part of the body [56]. Studies have 
found that DUSPs can inhibit the activity of MAPKs in mammalian cells [57], 
especially DUSP1 can cause all three MAPKs pathways: p38 mitogen-activated 
protein kinase (p38 MAPK), c-Jun N-terminal kinase (JNK) and extracellular 
regulated protein kinase (ERK1/2) and NF-κB signaling pathway are inactivated. 
It is precisely the release of the pro-inflammatory factors TNF-α and IL-1β fol-
lowing the action of TcdB that activates the three pathways of MAPK cascade 
signaling and the NF-κB signaling pathway [58] [59] [60]. These four pathways 
in turn continue to produce TNF-α and IL-1β, creating a vicious cycle in which 
intestinal inflammation becomes more severe and worsens the condition. It was 
also found that under the influence of TcdB, DUSP1 is the most suppressed by 
the toxin in the DUSPs protein, that is, DUSP1 is the lowest expressed in the 
family in CDI [58]. Then in the future, therapeutic drugs such as DUSP1 activa-
tor can be used in CDI patients, so that inflammatory factors such as TNF-α and 
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IL-1β induced by TcdB are inhibited by DUSP1, thereby reducing the inflam-
matory response caused by CDI. Therefore, DUSP1 can be used as a regulator of 
inflammatory cytokine production and a new potential target for inhibiting the 
production of pro-inflammatory factors by TcdB. 

3.5. Five Predictive Genes 

Thymidylate synthase (TS) encoded by TYMS (thymidylate synthase) gene is a 
key enzyme for pyrimidine nucleotide synthesis, and its abnormal expression is 
often closely related to malignant tumors [61] [62], so it is currently mostly used 
as 5-fluorouracil (5-fluorouracil, 5-FU) and other anti-tumor chemotherapy drugs. 
Among a variety of malignant tumors closely related to the role of TYMS, the 
expression of TYMS in patients with colorectal cancer can determine whether 
the patient is resistant to chemotherapeutic drugs such as 5-FU and predict the 
efficacy and prognosis of the patient [63] [64] [65]. 

The mechanistic target of rapamycin kinase (mTOR) is a highly conserved 
atypical serine/threonine kinase in mammals, existing in both complex 1 (mTOR 
complex 1, mTORC1) and mTORC2 forms [66] [67]. Among them, mTORC1 is 
more extensively studied and can be considered as a central regulator of cellular 
activity, involved in the regulation of cell proliferation, differentiation and apopto-
sis in vivo, influenced by growth factors as well as environmental factors. Inacti-
vation of mTORC1 has been found to lead to proliferation and regeneration of 
colonic crypts, inducing IL-6-related reparative inflammation and damaging co-
lonic tissue [68]. CD36, an important pattern recognition receptor, plays a key 
role in the immune response [69], for example by activating JNK1/2 kinase to 
release inflammatory factors such as IL-8 [70]. mTORC1 has been found to form 
the CD36/mTORC1 signaling pathway with CD36, which is involved in the reg-
ulation of inflammatory immune response [71] [72] [73]. Several studies also 
mentioned that mTORC1 affects the STAT family, and affects the differentiation 
and function of CD4+T cells and CD8+T cells [74] [75]. These studies have 
shown that mTORC1 is closely related to inflammation, and the inactivation of 
mTORC1 may cause colitis, thereby inducing the occurrence and development 
of colorectal cancer. 

Cyclin-dependent kinase 4 (CDK4) is an important member of the cyc-
lin-dependent kinase family, whose main role is to regulate the cell proliferation 
cycle G1~S. The overexpression of CDK4 can disrupt the cell cycle, lead to un-
controlled cell proliferation, and promote the development of malignant tumors. 
More and more studies have shown that CDK4 is negatively correlated with the 
degree of differentiation of cancer tissues [76]. For example, in colorectal cancer, 
CDK4 is mostly overexpressed and may be an oncogene for colorectal cancer 
[76] [77]. 

Flap Endonuclease 1 (FEN1) is a 5’ nuclease that forms a “sliding clip” with 
PCNA and plays a role in DNA replication and repair [78]. It has been found 
that FEN1 is highly expressed in a variety of tumors, such as breast, kidney, and 
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ovarian cancer [79]. Knockout of FEN1 gene also inhibits the growth of human 
colorectal cancer cells with RAD54B mutation [80]. The high correlation be-
tween FEN1 and tumors makes it one of the possible targets for tumor therapy. 

DNA-dependent protein kinase gene (PRKDC) is a serine/threonine protein 
kinase and an important part of the DNA repair mechanism [81]. PRKDC has 
been proven to be an important factor in tumor development and metastasis, 
and its high expression often appears in cancer patients with low survival rates 
[82]. The expression of DNA-dependent protein kinase catalytic subunits 
(DNA-PKcs) encoded by PRKDC gene in colorectal cancer tissues is significant-
ly higher than that in normal tissues adjacent to cancer [83]. In the study of Da-
vidson et al., small molecule inhibitors of DNA-PKcs can effectively enhance the 
efficacy of SN38 in colorectal cancer [84]. It can be seen that the potential con-
nection between PRKDC and colorectal cancer may be a future treatment target 
for colorectal cancer. 

The above-mentioned TYMS, mTORC1, CDK4, FEN1 and PRKDC have not 
been found to have a clear relationship with the toxin of CD, but the author 
found that these five genes are more or less related to malignant tumors, espe-
cially in colorectal cancer. With the increasing research on colorectal cancer, 
many researchers have pointed out in recent years that the occurrence and de-
velopment of colorectal cancer are related to the imbalance of the intestinal mi-
crobial environment [85], and the infection of CD is positively correlated with 
the incidence of colorectal cancer [86] [87]. Although there has not been a clear 
study suggesting that there is a causal relationship between CDI and colorectal 
cancer, there is no doubt that there is a strong correlation between them. Even 
though the current research cannot explain that these five genes are related to 
the role of TcdB, it cannot be denied that they may be one of the targets of TcdB. 
And among the genes predicted by the author to be associated with TcdB, they 
are clearly listed. These five genes, including the other genes in the heat map and 
the table (Figure 4 and Table 1), may have little effect on the early infection of 
CD, but they may play a key role when the disease worsens and causes cancer. 
They may become one of the directions of future research on the mechanism of 
action of CD toxin, and the future target of gene-targeted therapy to avoid the 
further development of tumors. 

4. Discussion 

The infection of CD is more serious worldwide, and its drug resistance is rising 
rapidly and the situation is serious. The high recurrence of CD also makes clini-
cal treatment difficult. The efficacy of traditional antibiotic treatments has stag-
nated or even receded. Therefore, there is an urgent clinical need for alternative 
non-antibiotic therapies for targeted treatment of CDI. In this review, the author 
took the effect of the toxin secreted by CD on the intestinal system as the main 
level, deeply analyzed the possible mechanism of the pathogenicity of TcdB, and 
screened for genes that may play a role in the body’s response to toxins. The 
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importance of TcdB makes its genes have broad prospects. For the predicted 
genes provided by the author, some may not have been mentioned in CD-related 
studies, but this does not prevent them from being one of the possible important 
targets for the treatment of CDI in the future. Although little research has been 
done on TcdB-acting genes, it would be useful if more researchers were invested 
in validating against possible genes to explore whether these genes are indeed 
critical mechanisms for CDI and whether they could be the subject of follow-up 
studies for the treatment of CDI, so that genes that are truly useful can be ap-
plied to the treatment of the disease and provide a scientific basis for the clinic. 
The author believes that the influence of TcdB on colon tissue or inflammation 
will cause changes in host genes. The changes in genes can indicate the key sites 
of targeted therapy for CDI and open up a new path for the study of CD. 
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